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ABSTRACT

Introduction and objectives: Galectin-3 (Gal-3) and carbohydrate antigen 125 (CA125) have been
associated with adverse outcomes after transcatheter aortic valve implantation (TAVI). Experimental
data have suggested a potential molecular interaction. Therefore, we assessed the association of Gal-3
and CA125 with prognosis after TAVI.
Methods: A total of 439 patients were enrolled. The primary endpoint was a composite of all-cause
mortality or readmission for worsening heart failure after TAVI.
Results: The primary endpoint occurred in 16.4%. Gal-3 was dichotomized at  8.71 ng/mL into elevated
and not elevated. Gal-3 was elevated in 31.9% and was associated with a higher risk of the primary
endpoint (25% vs 12.4%, HR, 2.26; P < .001). After multivariable adjustment, the association of elevated
Gal-3 with the primary endpoint was borderline signiﬁcant (HR, 1.59; P = .068). CA125 was dichotomized
at  18.4 U/mL, accordingly. CA125 was elevated in 51.9% and was also associated with a higher risk of the
primary endpoint (25.4% vs 6.6%, HR, 4.20; P < .001). After multivariable adjustment, elevated CA125 (HR,
2.83; P = .001) remained independently associated with the primary endpoint. A differential prognostic
effect of Gal-3 was found across CA125 status (P for interaction = .048). Elevated Gal-3 was associated with
a higher risk of the primary endpoint when CA125 was elevated (38.8% vs 18.2%, HR, 2.02; P = .015) but
lacked signiﬁcance when CA125 was not elevated (6.6% vs 6.7%, HR, 1.16; P = .981).
Conclusions: In patients undergoing TAVI, Gal-3 predicted adverse clinical outcomes only when CA125
was elevated.
C 2018 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

Valor pronóstico diferencial de la galectina-3 según los valores de antı́geno
carbohidrato 125 para el implante percutáneo de válvula aórtica
RESUMEN

Palabras clave:
Estenosis valvular aórtica
Implante percutáneo de válvula aórtica
Predicción del riesgo
Biomarcadores
Galectina-3
Antı́geno carbohidrato 125

Introducción y objetivos: La galectina-3 (Gal-3) y el antı́geno carbohidrato 125 (CA125) han mostrado
relación con eventos adversos tras el implante percutáneo de válvula aórtica (TAVI). Datos
experimentales indican que podrı́an tener cierta interacción molecular. El objetivo del presente estudio
es establecer la asociación de Gal-3 y CA125 con el pronóstico tras el TAVI.
Métodos: Se incluyó en total a 439 pacientes. El objetivo primario fue el compuesto de mortalidad por
todas las causas o reingreso por insuﬁciencia cardiaca tras el TAVI.
Resultados: El objetivo primario se produjo en el 16,4% de la muestra. Los valores de Gal-3 se
dicotomizaron en elevados ( 8,71 ng/ml) y no elevados. Los pacientes con Gal-3 elevado (31,9%)
presentaron mayor riego de sufrir el objetivo primario (el 25 frente al 12,4%; HR = 2,26; p < 0,001). Tras
el ajuste multivariante, la asociación entre Gal-3 y el pronóstico se situó en el lı́mite de la signiﬁcación
(HR = 1,59; p = 0,068). En consecuencia, el CA125 se dicotomizó en  18,4 U/ml. El CA125 estaba elevado
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en el 51,9% y también se asoció con mayor riesgo del objetivo primario (el 25,4 frente al 6,6%; HR = 4,20;
p < 0,001). Tras el ajuste multivariante, los valores de CA125 elevados (HR = 2,83; p = 0,001) mantenı́an
la asociación independiente con el riesgo del objetivo primario. Se observó un efecto pronóstico
diferencial para Gal-3 según los valores de CA125 (p de interacción = 0,048). Ası́, los valores de Gal-3
elevados se asociaron signiﬁcativamente con el pronóstico de los pacientes con CA125 elevado (el 38,8
frente al 18,2%; HR = 2,02; p = 0,015). Por el contrario, el Gal-3 no aportó información pronóstica con
valores de CA125 bajos (el 6,6 frente al 6,7%; HR = 1,16; p = 0,981).
Conclusiones: En pacientes sometidos a TAVI, los valores de Gal-3 se asociaron con mayor riesgo de
eventos adversos clı́nicos solamente en presencia de valores de CA125 elevados.
C 2018 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Abbreviations
CA125: carbohydrate antigen 125
CHF: chronic heart failure
Gal-3: galectin-3
TAVI: transcatheter aortic valve implantation

INTRODUCTION
Several biomarkers have been investigated to assess prognosis in
transcatheter aortic valve implantation (TAVI). Carbohydrate
antigen 125 (CA125) is associated with disease severity in aortic
stenosis1 and adverse clinical outcome after TAVI.2 Recently, it has
been shown that its predictive value is superior to that of natriuretic
peptides3 and offers incremental prognostic information beyond
that obtained by the European System for Cardiac Operative Risk
Evaluation (EuroSCORE).4 Emerging evidence has identiﬁed CA125
as a speciﬁc binding partner of soluble lectins, such as galectin-3
(Gal-3).5,6 Gal-3 is a ubiquitous lectin that contains a carbohydraterecognition domain enabling speciﬁc interactions with glycosylated
proteins through which various molecular signaling pathways are
mediated.5 Both CA125 and Gal-3 seem to be involved in similar
signaling pathways, such as the regulation of cell adhesion, cell
proliferation, and inﬂammation.6–8 Gal-3 represents an emerging
marker of myocardial ﬁbrosis, hypertrophy, and inﬂammation.7,9,10
In heart failure, Gal-3 has been linked to disease severity and
adverse clinical outcomes, in both acute and chronic heart failure
(CHF).7,11,12 However, in TAVI, results from available studies
regarding its prognostic value are conﬂicting.13,14
Based on these experimental data suggesting a potential
molecular interaction between Gal-3 and CA125 and the conﬂicting results regarding the prognostic value of Gal-3 in patients with
severe aortic stenosis undergoing TAVI, we hypothesized that the
predictive value of Gal-3 might be inﬂuenced by CA125 levels.
Therefore, we assessed the prognostic value of Gal-3 and CA125
and further investigated their potential interaction in a large
contemporary TAVI cohort.

METHODS
Study Population and Procedures
This study included 439 consecutive patients with symptomatic severe aortic stenosis undergoing transfemoral TAVI at the
Department of Cardiovascular Disease, Deutsches Herzzentrum
München, Munich, Germany between April 2015 and December
2016. The multidisciplinary heart team discussed all patients and
consensus was reached on the therapeutic strategy in each patient.
Biomarkers were determined from routine blood samples at least
24 hours before TAVI. Gal-3 was measured using an immunoassay
(Quantikine Human Galectin-3 Immunoassay; R&D Systems,

Minneapolis, MN, USA) and CA125 was determined using an
electrochemiluminescence immunoassay (Cobas e411 analyzer,
Roche Diagnostics GmbH, Mannheim, Germany). All patients
provided written informed consent.
Definition of Endpoints and Follow-up
The primary endpoint of this study was a composite of all-cause
mortality or unplanned readmission for worsening CHF during
follow-up. In addition, all-cause mortality and readmission for CHF
were analyzed separately. All clinical endpoints, procedural data
and in-hospital complications were categorized according to the
updated Valve Academic Research Consortium-2 criteria.15 All data
were prospectively collected during routine visits at the outpatient
clinic, by referring to hospital documentation, contacting the
primary care physician, or by direct contact with patients or their
relatives.
Statistical Analysis
Data distribution was tested for normality using the ShapiroWilks test. Categorical variables are expressed as frequencies and
proportions and were compared using the chi-square or Fisher
exact test, as appropriate. Continuous variables are presented as
mean with standard deviation (SD) or median with interquartile
range [IQR] and compared using the Student t-test or MannWhitney U-test, respectively.
For dichotomous analysis, 2 groups of patients with elevated
and not elevated Gal-3 levels were identiﬁed by maximally
selected rank statistics (R-package ‘‘survminer’’, version 0.4.0).
CA125 was dichotomized according to a previously published
cutoff ( 18.4 U/mL) into elevated and not elevated.3 Event rates of
the primary endpoint and separately all-cause mortality and
readmission for CHF were calculated as crude rates. Cumulative
events during the ﬁrst 12 months after TAVI were visualized using
the Kaplan-Meier method with differences tested using the logrank test.
The independent association of elevated Gal-3 and CA125
values, modeled separately and together, with time to the primary
endpoint, as well as all-cause mortality and CHF separately, was
assessed using multivariable Cox proportional hazards regression
analyses. The hazard ratios (HR) with their 95% conﬁdence
intervals (95%CI) were computed. For CHF, the subdistribution
hazard ratios (Fine and Gray model)16 with death as a competing
event were also calculated (R-package ‘‘cmprsk’’, version 2.2-7).
Covariates in the multivariable model were selected using the
LASSO (Least Absolute Shrinkage and Selection Operator) regression method entering all baseline variables as candidates (Rpackage ‘‘glmnet’’, version 2.0-13). The resulting variables were
age, logistic EuroSCORE I, previous myocardial infarction, previous
cancer, atrial ﬁbrillation, mitral regurgitation grade III/IV, pulmonary hypertension (deﬁned as pulmonary artery pressure >
60 mmHg), hemoglobin values, creatinine clearance, N-terminal
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pro-B-type natriuretic peptide, and mean transvalvular gradient.
Additionally, left ventricular ejection fraction < 35% and C-reactive
protein values were included due to their known prognostic value
and the ﬁndings in the univariate analyses. Missing baseline data
(0.14%) were imputed by predictive mean matching (R-package
‘‘mice’’, version 2.46).
The proportional hazard assumption of multivariable models
for the primary endpoint containing Gal-3 (dichotomic), CA125
(dichotomic) and both variables (dichotomic) was checked using
scaled Schoenfeld residuals. The assumption of proportional
hazards was met, expressed by a nonsigniﬁcant relationship
between global residual and time (global P values 0.121, 0.290 and
0.151, respectively).
When modeled together, the interaction of continuous and
dichotomous Gal-3 values within CA125 strata (elevated vs not
elevated CA125) was tested. The differential prognostic value of
elevated Gal-3 regarding the primary endpoint according to CA125
status (elevated vs not elevated CA125) was further analyzed. The
incremental prognostic usefulness of elevated Gal-3 to a model
containing elevated CA125 and baseline variables, as well as within
in each CA125 stratum, was evaluated by calculating the integrated
discrimination improvement and the net reclassiﬁcation improvement with the corresponding 95%CIs (Stata package ‘‘incrisk’’
version 1.0.5). These statistical indices have been developed to
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evaluate the added predictive value of a new marker to a base
model and have been described in detail previously.17
A 2-sided P value < .05 was considered statistically signiﬁcant.
Statistical analyses were performed using R (version 3.3.2, R
Foundation for Statistical Computing, Vienna, Austria) and Stata 14
(Stata Corp, TX, USA).

RESULTS
Patient Characteristics and Outcomes
Baseline and procedural characteristics of the entire patient
population and according to the primary endpoint are displayed in
Table 1 and Table 2. During a median follow-up of 371 days [219402], the primary endpoint occurred in 16.4% (72 of 439) of the
patients. Separately, all-cause mortality was 8.4% (37 of 439) and
readmission for CHF occurred in 9.8% (43 of 439) of the patients.
Patients experiencing the primary endpoint were older, had a
higher predicted operative risk according to logistic EuroSCORE I,
and were more symptomatic according to the New York Heart
Association functional class. Procedural and in-hospital course was
more complicated in these patients (Table 2).

Table 1
Baseline Characteristics According to the Primary Endpoint
All patients (N = 439)

Primary endpoint (death or readmission for chronic
heart failure)
No (n = 367)

Yes (n = 72)

Age, y

81.0 [77.0-85.0]

81.0 [76.0-84.0]

83.0 [79.0-86.0]

.002

Female sex

199 (45.3)

162 (44.1)

37 (51.4)

.330

BMI, kg/m2

25.8 [23.5-29.4]

26.1 [23.6-29.4]

24.2 [23.0-28.5]

.057

Logistic EuroSCORE I, %

14.1 [8.4-21.1]

13.5 [7.9-19.9]

18.2 [10.7-32.8]

< .001

P

NYHA class III/IV

274 (62.4)

221 (60.2)

53 (73.6)

.014

Hypertension

398 (90.7)

336 (91.6)

62 (86.1)

.221

Hypercholesterolemia

348 (79.3)

289 (78.7)

59 (81.9)

.499

Diabetes mellitus

115 (26.2)

95 (25.9)

20 (27.8)

.809

Coronary artery disease

324 (73.8)

267 (72.8)

57 (79.2)

.258

Previous myocardial infarction

43 (9.8)

30 (8.2)

13 (18.1)

.015

Previous PCI

198 (45.1)

162 (44.1)

36 (50.0)

.373

Previous CABG

49 (11.2)

40 (10.9)

9 (12.5)

.701

Previous stroke

52 (11.8)

42 (11.4)

10 (13.9)

.552

Previous cancer

91 (20.7)

68 (18.5)

23 (31.9)

.018

Previous pacemaker

55 (12.5)

43 (11.7)

12 (16.7)

.288

Peripheral artery disease

59 (13.4)

46 (12.5)

13 (18.1)

.195

COPD

71 (16.2)

56 (15.3)

15 (20.8)

.260

Atrial ﬁbrillation

182 (41.5)

142 (38.7)

40 (55.6)

.006

Left ventricular ejection fraction  35%

41 (9.3)

28 (7.6)

13 (18.1)

.001

Mitral regurgitation grade III/IV

23 (5.2)

15 (4.1)

8 (11.1)

.002

PAP > 60 mmHg

55 (12.5)

39 (10.6)

16 (22.2)

Mean transaortic gradient, mmHg

44.0 [35.0-52.0]

45.0 [36.0-53.0]

39.0 [26.8-48.0]

< .001

Hemoglobin, g/dL

12.8 [11.6-13.8]

12.9 [11.7-13.9]

11.9 [10.6-13.4]

< .001

Creatinine clearance, mL/min

54.0 [41.0-66.0]

56.0 [43.0-68.0]

42.0 [30.0-56.2]

< .001

CRP, mg/L

2.2 [1.0-6.4]

2.1 [1.0-5.9]

2.8 [1.2-10.5]

NTproBNP, ng/L

1760 [683-3965]

1420 [625-3455]

3535 [1330-8240]

< .001

CA125, U/mL

18.7 [11.1-38.8]

17.1 [10.5-31.9]

39.8 [20.8-82.5]

< .001

Galectin-3, ng/mL

7.2 [5.2-9.3]

7.0 [5.3-9.1]

8.6 [5.1-10.6]

.003

.011

.012

BMI, body mass index; CA125, carbohydrate antigen 125; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein;
EuroSCORE, European System for Cardiac Operative Risk Evaluation; NTproBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PAP,
pulmonary artery pressure; PCI, percutaneous coronary intervention.
The data are expressed as No. (%) or median [interquartile range].
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Table 2
Procedural Characteristics and In-hospital Outcomes According to the Primary Endpoint
All patients (N = 439)

Primary endpoint (death or readmission for chronic
heart failure)

P

No (n = 367)

Yes (n = 72)

Device success

387 (88.2)

328 (89.4)

59 (81.9)

.029

Procedural success

430 (97.9)

364 (99.2)

66 (91.7)

< .001

Procedural time, min

49.0 [40.0-58.0]

48.0 [40.0-58.0]

52.0 [42.0-65.2]

.253

Fluoroscopy time, min

11.5 [8.6-15.0]

11.4 [8.5-14.5]

12.2 [9.0-16.0]

.928

Contrast, mL

110 [90-140]

110 [90-140]

110 [90-130]

.164

Major vascular complication

64 (14.6)

51 (13.9)

13 (18.1)

Life-threatening bleeding

17 (3.9)

8 (2.2)

9 (12.5)

.310
< .001

Blood transfusion,  2 units

53 (12.1)

37 (10.1)

16 (22.2)

.005

Major stroke

5 (1.1)

2 (0.5)

3 (4.2)

.005

Renal failure

10 (2.3)

6 (1.6)

4 (5.6)

.235

New pacemaker implantation

25 (5.7)

19 (5.2)

6 (8.3)

Days in hospital

5.0 [4.0-6.0]

4.0 [4.0-6.0]

5.0 [4.0-7.0]

< .001

Days in intensive care unit

1.0 [1.0-1.0]

1.0 [1.0-1.0]

1.0 [1.0-3.0]

< .001

.436

The data are expressed as No. (%) or median [interquartile range].

primary endpoint was borderline signiﬁcant (HR, 1.59; 95%CI,
0.97-2.62;P = .068) (Table 3A and Table 4).
Univariate and multivariable analyses for prediction of death
and CHF are displayed in Table 3A. Elevated Gal-3 was associated
with a signiﬁcantly higher risk of death and CHF in univariate
analysis, which, however, was lost after multivariable adjustment.

Median Gal-3 and CA125 levels were 7.2 ng/mL [5.2-9.3 ng/mL]
and 18.7 U/mL [11.1-38.9 U/mL] with higher values in those
experiencing the primary endpoint (8.6 ng/mL [5.1-10.6] vs 7.0
[5.2-9.1];P = .043) and (39.8 U/mL [20.7-82.7] vs 17.1 [10.5-32.0];
P = .001), respectively.

Prognostic Value of Galectin-3
Prognostic Value of Carbohydrate Antigen 125
The ideal cutoff to predict the primary endpoint with Gal-3 was
8.71 ng/mL (Figure 1). Gal-3 values were elevated ( 8.71 ng/mL)
in 31.9% (140/439) of the patients. Clinical and procedural
characteristics and in-hospital outcomes of patients with elevated
Gal-3 values are displayed in Table 1 of the supplementary data.
The cumulative event rate according to elevated Gal-3 and
results from the univariate and multivariable analyses for the
primary endpoint, as well as death and CHF separately, are
provided in Table 3A. Elevated Gal-3 values were associated with a
higher crude rate and risk of the primary endpoint (25% [35 of 140]
vs 12.4% [37 of 299], HR, 2.26; 95%CI, 1.42-3.59; P = .001) in
univariate analysis (Figure 2). After multivariable adjustment for
baseline variables, the association of elevated Gal-3 with the

CA125 values were elevated ( 18.4 U/mL) in 51.9% (228 of 439)
of the patients. The cumulative event rate according to elevated
CA125 and results from the univariate and multivariable analyses
for the primary endpoint, as well as death and CHF separately, are
provided in Table 3B. Elevated CA125 values were associated with
a higher crude rate and risk of the primary endpoint (25.4% [58of
228] vs 6.6% [14 of 211], HR, 4.20; 95%CI, 2.34-7.53; P = .001) in the
univariate analysis (Figure 1 of the supplementary data). After
multivariable adjustment, elevated CA125 (HR, 2.83; 95%CI, 1.525.29; P = .001) remained independently associated with the
primary endpoint (Table 3B and Table 4). Uni- and multivariable
analysis for separate prediction of death and CHF are displayed in

Distribution

Density

40
30
20
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0
9

6

12

Standardized log-rank statistic

Maximally selected rank statistics
3

Galectin-3
2

High
Low

1

Cutpoint: 8.71
0
6

9

12

Galectin-3, ng/mL
Figure 1. Distribution and rank statistics of galectin-3 values.
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Table 3
Cumulative Event Rate and Multivariable Analysis for Galectin-3+ and CA125+
A
Elevated galectin-3
( 8.71 ng/mL)

Crude event rate

Primary endpoint
(death or readmission for CHF)
Death
Readmission for CHF
B
Elevated CA125
( 18.4 U/mL)

Univariate analysis

No (n = 299)

Yes (n = 140)

HR (95%CI)

P

Harrel’s C

HR (95%CI)a

P

Harrell’s C

37 (12.4)

35 (25)

2.26 (1.42-3.59)

< .001

0.586

1.59 (0.97-2.62)

.068

0.740

19 (6.4)
22 (7.4)

18 (12.9)
21 (15)

2.12 (1.12-4.05)
2.27 (1.25-4.13)

.022
.007

0.572
0.594

1.14 (0.56-2.35)
1.65 (0.87-3.14)
1.74 (0.93-3.25)b

.717
.125
.082

0.766
0.727

Crude event rate

Primary endpoint
(death or readmission for CHF)
Death
Readmission for CHF

Multivariable analysis

Univariate analysis

Multivariable analysis

No (n = 211)

Yes (n = 228)

HR (95%CI)

P

Harrel’s C

HR (95%CI)a

P

Harrel’s C

14 (6.6)

58 (25.4)

4.20 (2.34-7.53)

< .001

0.664

2.83 (1.52-5.29)

.001

0.759

8 (3.8)
8 (3.8)

29 (12.7)
35 (15.4)

3.39 (1.55-7.43)
4.45 (2.06-9.60)

.002
< .001

0.644
0.668

2.25 (0.96-5.29)
3.01 (1.32-6.84)
2.87 (1.28-6.45)b

.062
.008
.011

0.772
0.755

95%CI, 95% conﬁdence interval; CA125: carbohydrate antigen 125; CHF, chronic heart failure; CRP, C-reactive protein; EuroSCORE, European System for Cardiac Operative
Risk Evaluation; HR: hazard ratio.
Unless otherwise indicated, data are expressed as No. (%).
a
Adjusted for age, logistic EuroSCORE I, previous myocardial infarction, previous cancer, atrial ﬁbrillation, mitral regurgitation grade III/IV, pulmonary hypertension,
hemoglobin, creatinine clearance, N-terminal pro-B-type natriuretic peptide, mean transvalvular gradient, left ventricular ejection fraction < 35% and CRP values.
b
Subdistribution hazard ratio for CHF using the Fine-Gray model with death as a competing event.

Entire population
50%

Log-rank P
P < .001

Galectin-3—

Cumulative event rate, %

40%

Galectin-3+

30%

20%

10%

0%
0

60

120

180

240

300

360

202
79

194
72

178
59

Days after TAVI

Number at risk
Galectin-3—
Galectin-3+

299
140

280
128

275
120

262
114

Figure 2. Kaplan-Meier event rate according to galectin-3. Kaplan-Meier estimates for the primary endpoint with differences tested using the log-rank test. +,
elevated, –, not elevated; TAVI, transcatheter aortic valve implantation.

Table 3B. Elevated CA125 independently predicted readmission for
CHF but not all-cause mortality after multivariable adjustment.

Prognostic Value of Galectin-3 According to Levels of Carbohydrate Antigen 125
Information on both biomarkers was modeled together in a
multivariable model for predicting time to the primary endpoint
adjusted for baseline variables. Elevated Gal-3 (HR, 1.67; 95%CI,
1.02-2.75; P = .043) and elevated CA125 values (HR, 2.91; 95%CI,
1.56-5.43; P = .001) were both independently associated with the
primary endpoint (Table 4).
The interaction between Gal-3 values and CA125 stratae
(elevated vs not elevated) was signiﬁcant when Gal-3 was modeled
as a continuous (0.049) and borderline signiﬁcant as a dichotomous variable (0.115). This potential differential prognostic value
of Gal-3 depending upon the state of CA125 was further analyzed.

When CA125 was not elevated, elevated Gal-3 was not
associated with an increased rate and adjusted risk of the primary
endpoint (6.6% [10 of 151] vs 6.7% [4 of 60], HR, 1.16; 95%CI, 0.283.74; P = 0.981). However, when CA125 was elevated, elevated Gal3 was associated with an increased rate and adjusted risk of the
primary endpoint (38.8% [31 of 80] vs 18.2% [27 of 148], HR, 2.02;
95%CI, 1.15-3.55; P = .015], Figure 3 and Table 5). For death and
readmission for CHF, there was also no difference in crude event
rates for elevated Gal-3 when CA125 was not elevated, but crude
event rates were almost twice as high when CA125 was elevated.
After multivariable adjustment, this signiﬁcant difference disappeared for mortality and was borderline signiﬁcant for CHF (HR,
1.83; 95%CI, 0.89-3.77; P = .099, Table 5).
When Gal-3 elevation was added to a model containing
unelevated CA125 values and baseline variables, no improvement
was found in the area under the curve of the model or in net
reclassiﬁcation improvement, or the integrated discrimination
improvement. Only when CA125 was elevated, the addition of Gal-
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Table 4
Complete Results of Multivariable Analyses
Gal-3+ and baseline variables
aHR (95%CI)

CA125+ and baseline variables

P

aHR (95%CI)

Gal-3+ and CA125+ & baseline
variables

P

aHR (95%CI)

Gal-3+

1.59 (0.97-2.62)

.067

—

—

1.67 (1.02-2.75)

P
.043

CA125+

—

—

2.83 (1.52-5.29)

.001

2.91 (1.56-5.43)

.001

Age*

1.04 (0.99-1.10)

.101

1.03 (0.98-1.08)

.29

1.04 (0.99-1.09)

.164

Logistic EuroSCORE I*

1.01 (0.99-1.03)

.171

1.02 (1.00-1.03)

.075

1.01 (1.00-1.03)

.115

Previous myocardial infarction

1.66 (0.87-3.18)

.127

1.56 (0.81-3.01)

.186

1.53 (0.79-2.96)

.202

Previous cancer

1.86 (1.09-3.17)

.024

1.85 (1.09-3.13)

.022

1.82 (1.07-3.08)

.027

Atrial ﬁbrillation

1.24 (0.75-2.06)

.405

1.2 (0.73-1.98)

.476

1.1 (0.66-1.84)

.704

Mitral regurgitation grade III/IV

1.13 (0.44-2.88)

.801

1.2 (0.49-2.93)

.691

1.05 (0.42-2.62)

.92

PAP > 60 mmHg

1.25 (0.63-2.50)

.524

1.1 (0.56-2.15)

.789

1.1 (0.56-2.18)

.778

Hemoglobin, g/dL*

0.88 (0.75-1.03)

.104

0.88 (0.75-1.03)

.122

0.88 (0.75-1.03)

.117

Creatinine clearance, mL/min*

0.99 (0.98-1.01)

.364

0.99 (0.97-1.01)

.176

0.99 (0.97-1.01)

.307

NTproBNP, ng/L*

1 (1-1)

.059

1 (1-1)

.38

1 (1-1)

.277

Mean transaortic gradient, mmHg*

0.98 (0.96-1.00)

.07

0.98 (0.96-1.00)

.059

0.98 (0.96-1.00)

.078

LVEF < 35%

1.2 (0.57-2.55)

.634

1.07 (0.52-2.22)

.855

1.05 (0.5-2.19)

.904

CRP, mg/L

1 (0.99-1.02)

.959

1 (0.98-1.01)

.942

1 (0.98-1.01)

.83

95%CI, 95% conﬁdence interval; aHR, adjusted hazard ratio; CA125, carbohydrate antigen 125; CRP, C-reactive protein; Gal-3, galectin-3; LVEF, left ventricular ejection
fraction; NTproBNP, N-terminal pro-B-type natriuretic peptide; PAP, pulmonary artery pressure.
*
Per each unit increase.
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P = .959

Galectin-3—

Cumulative event rate, %

Cumulative event rate, %

Galectin-3—
40%

50%

Log-rank P
P < .001

Galectin-3+

30%

20%

10%

40%

Galectin-3+

30%

20%

10%

0%

0%
0

60

120

180

240

300

360

0

60

120

Days after TAVI
Galectin-3—
Galectin-3+

148
80

180

240

300

360

110
39

106
38

96
35

Days after TAVI

Number at risk

Number at risk
134
69

131
64

125
58

92
40

88
34

82
24

Galectin-3—
Galectin-3+

151
60

146
59

144
56

137
56

Figure 3. Kaplan-Meier event rate according to galectin-3 within CA125 stratae. Kaplan-Meier estimates for the primary endpoint with differences tested using logrank test. +, elevated, –, not elevated; CA125, carbohydrate antigen 125; TAVI, transcatheter aortic valve implantation.

3 elevation provided incremental prognostic value (Table 2 of the
supplementary data).

DISCUSSION
The present study investigated the prognostic value of Gal-3 and
the interaction between Gal-3 and CA125 for prognosis after TAVI.
The negative prognostic value of Gal-3 was conﬁrmed in a large
contemporary cohort of TAVI patients. Additional analysis showed
that this negative prognostic value was only present in the subgroup
of patients with elevated CA125 values ( 18.4 U/mL), but did not
reach statistical signiﬁcance in those with lower CA125 levels. These
ﬁndings conﬁrm experimental and clinical data suggesting a
potential molecular interaction between both biomarkers.

Biomarkers in Transcatheter Aortic Valve Implantation
TAVI is increasingly performed in patients with severe
symptomatic aortic stenosis18 and its efﬁcacy and safety in patients
with high- and intermediate-risk for conventional aortic valve

replacement have been demonstrated in large randomized
controlled trials.19,20 Risk stratiﬁcation in patients referred for
TAVI is challenging and available risk scores, such as the EuroSCORE,
have limited value and do not provide TAVI-speciﬁc variables.21,22
Several biomarkers have been tested for prognostic purposes2,13,23–
25
and offer incremental value over and above established risk
scores.4 Because several processes, such as inﬂammation, calciﬁcation, ﬁbrosis/remodeling, and ventricular stress are involved in the
pathophysiology of aortic valve stenosis, the incorporation of
different biomarkers into clinical practice could potentially optimize risk stratiﬁcation and the timing of the procedure.
Galectin-3 in Cardiovascular Disease
Gal-3 is an emerging biomarker in cardiovascular research. It is
expressed in a variety of cells, including ﬁbroblasts and leukocytes,
and is a central mediator of several pathophysiological processes,
including inﬂammation and ﬁbrogenesis,26–28 which are major
pathophysiological mechanisms operating in the failing heart.27
These effects are supported by clinical ﬁndings showing that
higher levels of Gal-3 are related to severity of heart failure and
adverse clinical outcomes, in both acute and chronic CHF.7,11,12,29
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Table 5
Crude Event Rates and Multivariable Analyses According to Gal-3+ Within Stratae of CA125+
Univariate analysis

Crude event
rate, No. (%)
Primary endpoint
CA125– (n = 211)

CA125+ (n = 228)

Gal-3– (n = 151)

10 (6.6)

Gal-3+ (n = 60)

4 (6.7)

Gal-3– (n = 148)

27 (18.2)

Gal-3+ (n = 80)

31 (38.8)

Death, No. (%)
CA125- (n = 211)

CA125+ (n = 228)

Gal-3– (n = 151)

6 (4.0)

Gal-3+ (n = 60)

2 (3.3)

Gal-3– (n = 148)

13 (8.8)

Gal-3+ (n = 80)

16 (20.0)

Readmission for CHF, No. (%)
CA125- (n = 211)

CA125+ (n = 228)

Gal-3– (n = 151)

5 (3.3)

Gal-3+ (n = 60)

3 (5.0)

Gal-3– (n = 148)

17 (11.5)

Gal-3+ (n = 80)

18 (22.5)

Multivariable analysis
HR (95%CI)a

P

Harrel’s C

0.484

1.16 (0.28-3.74)

.981

0.730

0.594

2.02 (1.15-3.55)

.015

0.738

Harrel’s C

HR (95%CI)a

HR (95%CI)

P

Harrel’s C

1.03 (0.32-3.29)

.959

2.42 (1.44-4.07)

< .001

HR (95%CI)

P

P

Harrel’s C

0.85 (0.17-4.21)

.841

0.554

0.89 (0.11-6.98)

.913

0.832

2.38 (1.15-4.96)

.020

0.592

1.76 (0.76-4.04)

.185

0.780

HR (95%CI)

P

1.55 (0.37-6.47)

2.22 (1.14-4.32)

Harrel’s C

HR (95%CI)a

P

Harrel’s C

.551

0.564

1.76 (0.36-8.63)

.488

0.714

1.79 (0.35-9.16)b

.480

.019

0.586

1.83 (0.89-3.77)

.099

1.87 (0.95-3.70)b

.072

0.730

95%CI, 95% conﬁdence interval; +, elevated, –, not elevated; CA125, carbohydrate antigen 125; CHF, chronic heart failure; CRP, C-reactive protein; EuroSCORE, European
System for Cardiac Operative Risk Evaluation; Gal-3, galectin-3; HR, hazard ratio.
a
Adjusted for age, logistic EuroSCORE I, previous myocardial infarction, previous cancer, atrial ﬁbrillation, mitral regurgitation grade III/IV, pulmonary hypertension,
hemoglobin, creatinine clearance, N-terminal pro-B-type natriuretic peptide, mean transvalvular gradient, left ventricular ejection fraction < 35% and CRP values.
b
Subdistribution HR for CHF using the Fine-Gray model with death as a competing event

Clinical studies on Gal-3 in aortic stenosis are sparse.29,30 In
these studies, Gal-3 levels did not correlate well with the severity of
aortic valve stenosis and did not provide further prognostic
information on the occurrence of adverse events.30 In TAVI, its
prognostic value remains to be determined because the results from
the available studies are conﬂicting.13,14 While Gal-3 independently
predicted all-cause mortality in 1 study,13 its signiﬁcance disappeared after multivariable adjustment in another.14
The conﬂicting results from available studies and the fact that
baseline Gal-3 loses its signiﬁcance after multivariable adjustment
suggests an essential role of unidentiﬁed factors that warrants
further investigations.

Carbohydrate Antigen 125 in Transcatheter Aortic Valve
Implantation
Elevated CA125 levels have been linked to disease severity in
CHF due to aortic stenosis31–33 and are independently associated
with adverse prognosis after TAVI.2 Recently, it has been shown
that CA125 offers independent prognostic value beyond that of the
EuroSCORE4 and is superior to natriuretic peptides,3 which are the
only biomarkers that are acknowledged in current guidelines.34

Combination of Galectin-3 and Carbohydrate Antigen 125
Recent experimental and clinical studies have suggested a
potential molecular interaction between Gal-3 and CA125. Gal-3
contains a carbohydrate-recognition domain enabling speciﬁc
interactions with glycosylated proteins, such as CA125.5,6 Both
biomarkers seem to be involved in similar molecular signaling
pathways, especially inﬂammatory responses,26,35 although their
precise roles in cardiac inﬂammation have not been elucidated.
Inﬂammation and ﬁbrosis are key mechanisms operating in the
failing heart.36
In acute heart failure, it has already been shown that the
prognostic effect of Gal-3 depends on CA125 levels. Besides a

mechanistic, molecular interaction, a possible heart failure-related
inﬂammatory response for this association has been postulated.37
The biological activity of galectins is strongly dependent on the
number of glycoconjugates.37 In prior experimental studies, CA125
was shown to be a galectin receptor counter.7,37 CA125, a heavily
glycosylated protein, is upregulated in heart failure and aortic
stenosis.1,2,32,37 Given the previous statements, we postulate that
the Gal-3-CA125 interaction may represent a crucial factor in
disease progression in TAVI patients. Elevation of both biomarkers
probably identiﬁed a subset of patients with more adverse left
ventricular remodeling in which TAVI procedures might have less
impact on the natural course of the disease.
In this study, we conﬁrm the prognostic value of CA125 in TAVI
patients and additionally conﬁrm prior data from heart failure
patients suggesting a differential prognostic effect of Gal-3 across
CA125 values.37 Interestingly, elevated Gal-3 levels were associated
with an increased rate and adjusted risk of the primary endpoint only
when CA125 values were elevated but lacked prognostic value when
CA125 values were not elevated. Even more importantly, the
incorporation of elevated Gal-3 to a risk model containing unelevated
CA125 values did not improve the predictive capacity of this model.
Thus, Gal-3 alone does not seem to be an ideal biomarker for
risk prediction in patients undergoing TAVI, as it mainly depends
on CA125 levels. In TAVI patients, it appears reasonable to only
determine Gal-3, if CA125 is elevated, since in this situation it
offers optimal prognostic information.
Clinical Implications
Currently, risk prediction and the optimal timing of TAVI
procedures is insufﬁcient. Biomarkers could potentially optimize
risk prediction beyond conventional risk scores in TAVI patients.
Recent evidence suggests improved outcomes in patients with
severe aortic stenosis when there is early diagnosis and invasive
treatment, even in lower-risk patients.38 The interaction of
2 biomarkers reﬂecting different pathophysiological pathways
indicates the complexity of aortic stenosis pathophysiology and

Document downloaded from https://www.revespcardiol.org/, day 17/01/2021. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

914

T. Rheude et al. / Rev Esp Cardiol. 2019;72(11):907–915

suggests an integration of a multimodal approach. CA125 seems to
be a key player in this scenario and should be incorporated into
clinical practice. In addition, further studies are warranted to
explore the biological relevance of Gal-3-CA125 interaction as a
potential therapeutic target.

APPENDIX. SUPPLEMENTARY DATA
Supplementary data associated with this article can be found in
the online version, at https://doi.org/10.1016/j.rec.2018.09.006.
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