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Abstract

Background Carbohydrate antigen 125 (CA125) is an emerging prognostic biomarker for acute heart failure (AHF).
This study aimed to evaluate the prognostic utility of CA125 in combination with N-terminal pro—-B-type natriuretic
peptide (NT-proBNP) for predicting cardiovascular mortality, all-cause mortality, and a composite outcome of all-
cause mortality or rehospitalization due to heart failure in patients with AHF.

Methods This prospective observational study included 316 patients with AHF. Both CA125 and NT-proBNP levels
were measured at the time of first admission. Mortality and rehospitalization due to heart failure were recorded over a
12-month follow-up period.

Results During the follow-up period, 38 patients (12.0%) died from cardiovascular disease, 81 patients (25.6%) died
from any cause, and 145 patients (45.9%) experienced either all-cause mortality or rehospitalization due to heart
failure. In multivariate Cox regression analyses, the combination of high CA125 and high NT-proBNP levels was
associated with increased risks of cardiovascular mortality (adjusted Hazard Ratio [aHR]=11.77, 95% Confidence
Interval [Cl]: 3.73-37.09, p <0.001), all-cause mortality @HR=4.53,95% Cl: 1.99-10.28, p <0.001), and the composite
outcome (@HR=6.02, 95% Cl: 2.75-13.24, p <0.001). The addition of CA125 significantly improved prognostic
performance when combined with NT-proBNP.

Conclusions Both CA125 and NT-proBNP are significant prognostic biomarkers in patients with AHF. The
combination of CA125 and NT-proBNP significantly enhances the prediction of cardiovascular mortality, all-cause
mortality and the composite outcome of all-cause mortality or rehospitalization due to heart failure in patients with
AHF.
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Background

Heart failure has emerged as a global pandemic, with its
prevalence steadily increasing [1]. Currently, approxi-
mately 64.3 million patients worldwide live with heart
failure [2]. Patients with heart failure have a poor prog-
nosis, with a 5-year mortality rate of 44.2-50.5%, which
is higher than the mortality rates of prostate and bladder
cancers in men and breast cancer in women [3]. Notably,
the mortality risk increases significantly in patients with
acute heart failure (AHF) with a 1-year mortality risk four
times higher than that of chronic heart failure (23.6% vs.
6.4%, respectively) [4]. Therefore, the role of prognostic
assessment in patients with AHF is critically important.

To date, there are two main tools for prognostic assess-
ment in heart failure patients: prognostic models and
cardiac biomarkers. Prognostic models for heart failure
patients exhibit moderate accuracy. A meta-analysis by
Ouwerkerk W [5] analyzed 117 prognostic models for
heart failure patients and found that these models dem-
onstrated a moderate discriminative ability for predicting
mortality outcomes. For the composite outcome (mortal-
ity or rehospitalization) or rehospitalization alone, the
predictive capability was lower [5]. The main reason for
this limitation lies in the diversity of causes and pheno-
types of heart failure patients. The latest guidelines from
the American College of Cardiology recommend the use
of heart failure prognostic models with a class IIa, level
B evidence rating [6]. Biomarkers are widely used in car-
diology [7, 8], with natriuretic peptides, including B-type
natriuretic peptide (BNP) and N-terminal proBNP (NT-
proBNP) being the most applied in heart failure. These
biomarkers reflect hemodynamic stress, systolic dysfunc-
tion, and diastolic dysfunction [9]. Natriuretic peptides
are widely applied in clinical practice and are considered
standard biomarkers for heart failure prognosis, with
a class I, level A evidence rating as recommended [6].
However, their levels can be influenced by non-heart fail-
ure conditions such as advanced age, renal impairment,
and obesity, limiting their specificity in certain clinical
contexts [6]. Therefore, combining natriuretic peptides
with other biomarkers is essential to improve the progno-
sis of heart failure patients [10].

Carbohydrate antigen 125 (CA125), also known as can-
cer antigen 125, is a complex glycoprotein encoded by the
MUCI16 gene. It is primarily synthesized by mesothelial
cells in the pericardium, pleura, and peritoneum. While
its exact biological function is not fully understood, stud-
ies have shown that CA125 is involved in several biologi-
cal pathways, including immune responses [11]. CA125
has been extensively studied as a circulating biomarker
for monitoring ovarian cancer [12]. Recently, increasing
evidence has supported the use of CA125 in cardiovascu-
lar diseases, particularly in AHF [13]. High CA125 levels
have been observed in almost two-thirds of patients with
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AHF and have been strongly correlated with the severity
of congestion [11] and with the prediction of adverse out-
comes [14, 15]. However, most studies on the prognostic
role of CA125 in AHF patients have been conducted in
Europe [14-16], and evidence indicates racial differences
in CA125 levels, with lower CA125 levels observed in
non-White populations [17].

In Vietnam, AHF patients have a poor prognosis, with
a 1-year mortality rate of 25.8%, higher than the global
average of 20% [18]. However, evidence on the prognosis
of AHF patients in Vietnam remains limited. This study
aimed to evaluate the prognostic value of combining
CA125 with NT-proBNP in patients with AHF. Specifi-
cally, we assessed whether the combination of these two
biomarkers was associated with cardiovascular mortality,
all-cause mortality, and a composite outcome of all-cause
mortality or rehospitalization due to heart failure, and
whether it enhanced the predictive performance of risk
models for these outcomes. Our findings may assist clini-
cians in optimizing prognostic assessment and manage-
ment strategies for AHF patients.

Methods

Study design and participants

This prospective cohort study was conducted at the Gen-
eral Cardiology Department of Nhan Dan Gia Dinh Hos-
pital, a tertiary hospital in Ho Chi Minh City, Vietnam,
from February 2022 to November 2023. The Cardiology
Department admits an average of 5,475-7,300 patients
annually, including 730-1,460 patients hospitalized for
AHE. The sample size calculation was based on findings
from Nuiiez J [19] where the 6-month mortality rates of
patients with AHF were 25.2% for those with high CA125
(CA125>60 U/mL) and 10.8% for those with low CA125.
We estimated a loss to follow-up rate of 10% during the
12-month follow-up. With a statistical power of 0.8 for
detecting a significant difference (p =0.05, two-sided), at
least 256 patients were required for this study.

Adult patients aged 18 years or older admitted to the
hospital with AHF, regardless of ejection fraction (acute
de novo heart failure or acute decompensated heart fail-
ure), were included according to the 2021 European Soci-
ety of Cardiology guidelines. The diagnosis of AHF was
based on patient history, clinical signs of volume overload
(e.g., orthopnea, peripheral edema, jugular venous dis-
tension, pleural effusion, or ascites), appropriate evalua-
tions such as electrocardiogram, echocardiography, chest
X-ray, lung ultrasound, and an NT-proBNP level greater
than 2,000 pg/mL [14, 20]. The main exclusion criteria
were conditions that could influence mortality in AHF,
such as acute coronary syndrome, end-stage renal or
liver disease, or an expected life expectancy of less than
one year due to other causes. We also excluded patients
whose high CA125 levels were not associated with heart
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failure, such as those due to pregnancy, cancer, or pelvic
inflammatory disease.

The study protocol adhered to the Declaration of Hel-
sinki. Ethical approval was obtained from the Ethics
Committee of Biomedical Research at the University of
Medicine and Pharmacy at Ho Chi Minh City (21598-
DHYD). All patients provided written informed consent.

Study procedure and measurements

Data on anthropometry, comorbidities, vital signs, bio-
markers, echocardiography, and medications were col-
lected from patients prior to hospital discharge. Patients
were then scheduled for follow-up visits at the Heart
Failure Unit of Nhan Dan Gia Dinh Hospital once a
month. Most patients were interviewed directly during
clinical visits. If patients were unable to attend in person,
researchers conducted phone interviews to gather infor-
mation about symptoms, medications, and outcomes.
Patients were followed up for a period of 12 months after
admission.

Atrial fibrillation was diagnosed based on a 12-lead
ECG. Chronic coronary disease was identified by a posi-
tive angiogram, non-invasive imaging, or a stress test.
Chronic obstructive pulmonary disease (COPD) and
asthma were diagnosed based on pulmonary function
testing or a documented prior diagnosis. Chronic kid-
ney disease (CKD) was diagnosed according to the 2012
KDIGO (Kidney Disease: Improving Global Outcomes)
guidelines, which define CKD as structural or func-
tional abnormalities of the kidney persisting for at least
3 months. Diabetes was diagnosed with HbAlc>6.5%
or fasting plasma glucose>126 mg/dL, or by a previous
diagnosis. Hypertension was defined based on the 2018
European Society of Cardiology guidelines as a systolic
blood pressure>140 mmHg or a diastolic blood pres-
sure >90 mmHg, or by a previous diagnosis of hyperten-
sion. Stroke, including cerebral hemorrhage or cerebral
ischemia, was diagnosed based on neurological dysfunc-
tion or imaging evidence. Primary valvular heart disease
was diagnosed based on echocardiographic findings and
a documented prior diagnosis.

Clinical examination was conducted by an experienced
cardiologist, with clinical variables analyzed including
heart rate and blood pressure. Tests such as hemoglo-
bin, potassium, creatinine, and sodium were performed
within 48 h after hospital admission. Echocardiography
was performed once during hospitalization by a cardi-
ologist, according to the recommendations of the Ameri-
can Society of Echocardiography [21]. The parameters
analyzed included left ventricular ejection fraction, left
ventricular end-diastolic diameter, left atrial diameter,
systolic pulmonary pressure, and tricuspid annular plane
systolic excursion.
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Plasma CA125 and NT-proBNP levels were measured
within the first 48 h after hospital admission. CA125 and
NT-proBNP were measured using commercially avail-
able immunoassays (the Elecsys CA125 II assay and the
Elecsys NT-proBNP assay, both from Roche Diagnos-
tics). Assays were conducted using an electrochemilu-
minescence immunoassay on the cobase 801 system.
For CA125, the intra-assay precision is 1.4—-2.0%, and
the inter-assay precision is 0.0-0.9%, with an analyti-
cal range of 0.6-5000 U/mL [22]. The normal range for
healthy individuals for CA125 is under 35 U/mL. For NT-
proBNP, the intra-assay precision is 1.2-1.5%, and the
inter-assay precision is 4.4—5.0%, with an analytical range
of 5-35,000 pg/mL [23].

Data on treatment medications were collected, includ-
ing angiotensin-converting enzyme inhibitors, angioten-
sin receptor blockers, angiotensin receptor-neprilysin
inhibitors, antiplatelets, beta-blockers, furosemide, min-
eralocorticoid receptor antagonists, oral anticoagulants,
sodium-glucose co-transporter 2 inhibitors, and statins.
All participants received guideline-directed medical
therapy during hospitalization, managed by cardiologists
and internal medicine specialists. The primary endpoints
were cardiovascular mortality and all-cause mortality,
while the secondary endpoint was a composite of all-
cause mortality or first rehospitalization due to heart
failure. Deaths and rehospitalizations were determined
through review of death certificates, telephone inter-
views, and data from the eHospital system at Nhan Dan
Gia Dinh Hospital. All clinical events were adjudicated by
the principal investigator. The cause of death was deter-
mined based on the guidelines from the 2014 American
College of Cardiology Key Data Elements and Definitions
for Cardiovascular Endpoint Events in Clinical Trials
[20]. Cardiovascular death was defined to include deaths
resulting from acute myocardial infarction, sudden car-
diac death, heart failure, stroke, cardiovascular proce-
dures, aortic aneurysm, cardiac tamponade, pulmonary
embolism, or peripheral arterial disease. Rehospitaliza-
tion due to heart failure was defined as hospitalization
for dyspnea or congestion, with a minimum hospital stay
of more than 24 h.

Statistical analysis
Baseline categorical variables were summarized as fre-
quency and percentage, and differences were compared
using the Chi-squared test or Fisher’s exact test when
appropriate. Continuous variables were summarized
as mean (standard deviation) or median (interquartile
range), and comparisons between groups were conducted
using the independent t-test or Wilcoxon rank-sum test,
as appropriate.

We assessed the associations of CA125 and NT-
proBNP with mortality and with the composite outcome
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of mortality or rehospitalization, both as continuous vari-
ables and as categorical variables. Spline plots were con-
structed to evaluate whether the associations of CA125
and NT-proBNP with outcome variables were linear.
Interaction effects between CA125 and NT-proBNP
(both modeled as continuous variables) were assessed by
including an interaction term in the regression models.
Receiver operating characteristic (ROC) analysis were
conducted to evaluate the discriminative ability of CA125
and NT-proBNP in identifying cardiovascular mortal-
ity, all-cause mortality and composite events (all-cause
mortality or rehospitalization due to heart failure). The
Youden index was used to determine the optimal cut-
off points for CA125 and NT-proBNP for all outcomes.
Patients were first classified into low and high groups
for CA125 and NT-proBNP based on the determined
thresholds. Following methods used in previous stud-
ies [24], patients were then categorized into four groups:
low CA125 and low NT-proBNP (Group 1), low CA125
and high NT-proBNP (Group 2), high CA125 and low
NT-proBNP (Group 3), and high CA125 and high NT-
proBNP (Group 4).

Kaplan-Meier survival analysis was conducted across
the four groups, and the log-rank test was used to assess
the differences in event rates. The associations between
these groups and clinical outcomes were evaluated using
univariate and multivariate Cox regression models. In
the multivariate Cox model, we included prognostic
variables that were statistically significant in univariate
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analysis (p <0.05). The improvement in the discriminative
ability for predicting outcomes from the combination of
CA125 and NT-proBNP was assessed using areas under
the curve (AUC). The statistical difference in the AUC
was tested using DeLong’s test. The area under the pre-
cision-recall curve (AUC-PR) was also used to evaluate
the predictive accuracy of the combined use of CA125
and NT-proBNP. All hypothesis testing was two-sided,
and a p-value of less than 0.05 was considered statistically
significance.

Results
Between 14 February 2022, and 30 November 2023,
a total of 324 patients admitted to Nhan Dan Gia Dinh
Hospital for AHF were included in this study. Eight
patients were excluded from the analysis due to data defi-
ciency in echocardiography or laboratory results (n=6),
and extreme outliers of CA125 (n=2). Therefore, a total
of 316 patients were included in the final analysis (Fig. 1).
Table 1 presents the characteristics of 316 patients
stratified by outcomes (survivor vs. mortality, no events
vs. mortality/rehospitalization). The mean (SD) age was
66.7 (14.8) years and 164 (51.9%) were female. Com-
mon comorbidities included hypertension, coronary
artery disease, diabetes mellitus, atrial fibrillation, and
chronic kidney disease. In-hospital mortality occurred
in 10 patients (3.2%). During the 12-month follow-up
period after hospital admission, there were 38 cardio-
vascular deaths (12.0%), 81 all-cause deaths (25.6%), and

Patients admitted for acute heart failure (n=324)

Patients with insufficient data on
echocardiography and laboratory (n=6).

Patients with error results of CA125
(n=2).

Patients inclued in data analysis (n=316)

4

After 12 month follow-up

N

(n=171)

Patients with no event Re-hospitalized or

death (n=145)
Re-hospitalized (n=64)
Death (n=81)

Fig. 1 Flowchart of patient enrollment, exclusion, and follow-up in the study cohort
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145 patients (45.9%) experienced all-cause mortality or
rehospitalization due to heart failure.

Patients experiencing all-cause mortality were older
and had higher rates of comorbidities such as atrial
fibrillation and chronic kidney disease. They exhibited
lower levels of hemoglobin and sodium compared to
patients without events and had higher levels of CA125
and NT-proBNP. Additionally, the use of angiotensin
receptor-neprilysin inhibitors, mineralocorticoid recep-
tor antagonists, beta-blockers, sodium-glucose co-trans-
porter 2 inhibitors, and statins before discharge was
lower among patients who died from all causes.

0.082°
0.797¢
0.625°¢
0.336°
0.286°

145 pvalue
ACEI Angiotensin-converting Enzyme Inhibitor, ARB Angiotensin Receptor Blocker, ARNI Angiotensin Receptor-neprilysin Inhibitor, COPD Chronic obstructive pulmonary disease, CA125 Antigen Carbohydrate 125, IQR

Death/rehospitalization n

82 (56.6)
102 (70.3)
53 (36.6)
55(37.9)
108 (74.5)

Cutoff of CA125 and NT-proBNP

Based on ROC analysis and the Youden index, the opti-
mal cutoff point for predicting cardiovascular mortality
was 113 U/mL for CA125 (sensitivity of 60.5% and speci-
ficity of 73.0%) and 7,856 pg/mL for NT-proBNP (sensi-
tivity of 65.8% and specificity of 62.2%). For the all-cause
mortality outcome, the optimal cutoff was 40 U/mL for
CA125 (sensitivity of 74.1% and specificity of 42.1%) and
6,634 pg/mL for NT-proBNP (sensitivity of 65.4% and
specificity of 54.9%). For the prediction of the compos-
ite outcome, the optimal cutoff was 28 U/mL for CA125
(sensitivity of 88.3% and specificity of 37.4%) and 6,634
pg/mL for NT-proBNP (sensitivity of 58.6% and specific-
ity of 56.7%).

171

No events n
66.1

p value
<0.001¢

=81

Deathn

=235

Kaplan-Meier endpoint analysis according to the levels of
CA125 and NT-proBNP

We categorized the study cohort into four groups based
on cutoff values of CA125 and NT-proBNP. For cardio-
vascular mortality, groups were categorized using CA125
(113 U/mL) and NT-proBNP (7,856 pg/mL). Kaplan-
Meier survival analysis revealed significant differences
in survival across these groups (p <0.0001, log-rank test).
Group 1, characterized by low levels of both CA125
and NT-proBNP, had the lowest cumulative rate of car-
diovascular mortality at 3.2% (Confidence Interval, 95%
CIL: 0.1-6.2%). Group 2, with low CA125 and high NT-
proBNP, had a cumulative cardiovascular mortality rate
of 14.5% (95% CI: 6.2—-22.2%). Group 3, defined by high
CA125 and low NT-proBNP, had a cumulative cardiovas-
cular mortality rate of 20.0% (95% CI: 7.4—30.9%). Group
4, comprising individuals with elevated levels of both
markers, had the highest cumulative cardiovascular mor-
tality rate at 29.8% (95% CI: 15.4—41.7%) (Fig. 2).

For all-cause mortality, groups were categorized using
CA125 (40 U/mL) and NT-proBNP (6,634 pg/mL).
Kaplan-Meier survival analysis also indicated significant
differences in survival across these groups (p =0.001, log-
rank test). Group 1, with low levels of both CA125 and
NT-proBNP, had the lowest cumulative all-cause mortal-
ity rate at 9.5% (95% CIL: 2.5-15.9%). Group 2, with low

158(67.2)
169 (71.9)
85 (36.2)
79 (33.6)
192 (81.7)

316 Survivorn

All patients n

195
220
11
17
244

n (%)

Furosemide at discharge (yes), n (%)
Antiplatelet at discharge (yes), n (%)
Oral anticoagulants at discharge (yes), n (%)

MRA at discharge (yes), n (%)
Statins at discharge (yes),

Interquartile Range, MRA Mineralocorticoid Receptor Antagonist, NT-proBNP N-terminal proBNP, SD Standard Deviation, SGLT2/ Sodium-Glucose Co-transporter 2 inhibitors, TAPSE Tricuspid Annular Plane Systolic Excursion

(?) Wilcoxon Rank Sum test/Mann-Whitney test
Bold-faced values indicate statistical significance at p <0.05

(%) Independent Samples t-test
() Chi-squared Test

Table 1 (continued)

Characteristic
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£051 p<0.0001
o
=
o
£044
<
-
] 0.31
=
o
2
s 0.2
o
e b
=
® 0.11
=35
=
O 0.01
0 2 4 6 8 10 12
Months since admission
No. at risk
Group 11 137 130 127 123 120 118 114
Group 21 81t 71 67 a3 58 56 55
Group 31 48 44 42 41 s a7 35
Group 41 48 42 s 8 24 KX 31
0 2 4 6 3 10 12
Group 1 CA125 < 113 U/mL, NT-proBNP < 7,856 pg/mL
Group 2 CA125 < 113 U/mL, NT-proBNP = 7,856 pg/mL
Group 3 CA125 2 113 U/mL, NT-proBNP < 7,856 pg/mL
Group 4 CA125 2 113 U/mL, NT-proBNP = 7,856 pg/mL

Fig. 2 Kaplan-Meier analysis of 12-month cardiovascular mortality by CA125 and NT-proBNP Levels

CA125 and high NT-proBNP, had a cumulative all-cause
mortality rate of 30.4% (95% CI: 15.8—-42.5%). Group 3,
characterized by high CA125 and low NT-proBNP, had
a cumulative all-cause mortality rate of 25.3% (95% CI:
15.3-34.1%). Group 4, with elevated levels of both mark-
ers, had the highest cumulative all-cause mortality rate at
34.5% (95% CI: 25.1-42.7%) (Fig. 3).

A similar analysis was conducted for the combined out-
come of all-cause mortality or rehospitalization due to
heart failure, with cutoff values of 28 U/mL for CA125
and 6,634 pg/mL for NT-proBNP. Kaplan-Meier sur-
vival analysis showed that Group 1, with low levels of
both markers, had the lowest cumulative combined end-
point rate of 13.2% (95% CI: 3.6—21.9%). Group 2, with
high NT-proBNP and low CA125, had a cumulative rate
of 35.7% (95% CI: 15.3-51.2%), while Group 3, with low
NT-proBNP and high CA125, had a cumulative rate of
51.0% (95% CI: 40.3—59.7%). Group 4, with high levels of
both markers, had the highest cumulative combined end-
point rate at 57.3% (95% CI: 47.9-64.9%). The log-rank
test was significant (p <0.001) (Fig. 4).

Prognostic value of CA125 and NT-proBNP

CA125 was significantly associated with adverse out-
comes in patients with AHF. CA125, analyzed as a con-
tinuous variable, demonstrated a positive, nonlinear
association with cardiovascular mortality, all-cause mor-
tality, and the composite outcome of all-cause mortality
or rehospitalization for heart failure, as shown in mul-
tivariable regression and spline analysis. (Figure Al, A2
and A3 in the Appendix).

High CA125 levels were independently associated
with an increased risk of cardiovascular mortality
(adjusted Hazard Ratio [aHR]=3.96, 95% CI: 2.03-7.72,
p<0.001), all-cause mortality (aHR=2.16, 95% CI:
1.29-3.59, p=0.003), and the composite outcome of all-
cause mortality or rehospitalization due to heart failure
(aHR=3.34, 95% CIL: 1.99-5.59, p<0.001), after adjust-
ment for other prognostic variables (Table 2). Similarly,
high NT-proBNP levels were independently associ-
ated with an increased risk of cardiovascular mortality
(aHR =3.03, 95% CI: 1.47-6.22, p=0.003), all-cause mor-
tality (aHR=1.96, 95% CIL 1.21-3.18, p=0.006), and
the composite outcome of all-cause mortality or rehos-
pitalization due to heart failure (aHR=1.55, 95% CI:
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Fig. 3 Kaplan-Meier analysis of 12-month all-cause mortality by CA125 and NT-proBNP Levels

1.09-2.19, p=0.013), after adjustment for other prognos-
tic variables.

In contrast, when NT-proBNP was analyzed as a con-
tinuous variable, the increase in risk was less pronounced
after multivariable adjustment (Figure Al, A2 and A3 in
the Appendix). Analyses using categorized NT-proBNP
levels revealed that high levels were significantly associ-
ated with increased risks of cardiovascular mortality, all-
cause mortality, and the composite outcome (Table 2).
Furthermore, a significant interaction was observed
between NT-proBNP and CA125 (both treated as con-
tinuous variables) for cardiovascular mortality (p=0.034)
and for the composite outcome (p=0.048), but not for
all-cause mortality (p=0.207). These interaction results
were adjusted for age, chronic kidney disease, atrial fibril-
lation, hemoglobin, sodium levels, and the use of sodium-
glucose co-transporter 2 inhibitors in the Cox regression
model.

Prognostic value of CA125 in combination with NT-proBNP
Overall, the combination of CA125 and NT-proBNP
levels demonstrated good predictive performance for
12-month mortality and rehospitalization in patients
with AHF. For cardiovascular mortality, patients with
high levels of either CA125 or NT-proBNP or both had
an increased risk of 12-month cardiovascular death. Spe-
cifically, the risk of cardiovascular death was 11 times
higher in patients with high CA125 and NT-proBNP lev-
els (HR=11.25, 95% CI: 3.70—34.18, p<0.001) compared
to those with low levels of both biomarkers.

Similarly, high levels of either CA125, NT-proBNP or
both was associated with an increased risk of 12-month
all-cause mortality. Patients with high levels of both bio-
markers had a more than fourfold higher risk of death
(HR=4.43, 95% CI: 1.98-9.90, p<0.001) compared to
those with low levels of both biomarkers. This association
remained significant even after adjusting for age, chronic
kidney disease, atrial fibrillation, hemoglobin, sodium
levels, and the use of sodium-glucose co-transporter 2
inhibitors (Table 3).
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Table 2 CA125Va NT-proBNP independently predicting 12-month mortality and composite outcome
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Outcome Predictor variable Univariate analysis Multivariate analysis®
HR (95% Cl) p value aHR (95% CI) p value
Cardiovascular Mortality? Low CA125 vs. High CA125 3.60 (1.88-6.91) <0.001 3.96 (2.03-7.72) <0.001
Low NT-proBNP vs. High NT-proBNP 3.08 (1.58-6.02) 0.001 3.03(147-6.22) 0.003
All-cause Mor‘[alityb Low CA125 vs. High CA125 191(1.16-3.13) 0.011 2.16 (1.29-3.59) 0.003
Low NT-proBNP vs. High NT-proBNP 2.15(1.36-3.40) 0.001 1.96 (1.21-3.18) 0.006
Composite Outcome® Low CA125 vs. High CA125 3.31(1.99-549) <0.001 3.34(1.99-5.59) <0.001
Low NT-proBNP vs. High NT-proBNP 1.64(1.18-2.28) 0.003 1.55(1.09-2.19) 0.013

95% Cl, 95% Confidence Interval, HR Hazard Ratio, aHR Adjusted Hazard Ratio
(%) Cutoff points were 113 U/mL (CA125) and 7856 pg/mL (NT-proBNP)

(®) Cutoff points were 40 U/mL (CA125) and 6634 pg/mL (NT-proBNP)

() Cutoff points were 28 U/mL (CA125) and 6634 pg/mL (NT-proBNP)

(%) Multivariate analysis adjusting for age, chronic kidney disease, atrial fibrillation, hemoglobin, sodium, use of sodium-glucose co-transporter 2 inhibitors

Bold-faced values indicate statistical significance at p <0.05
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Table 3 The combination of CA125 and NT-proBNP categories in predicting 12-month mortality and composite outcome

Outcome Predictor variable Univariate analysis Multivariate analysis®
HR (95% ClI) p value aHR (95% Cl) p value
Cardiovascular Mortality? Low CA125 + Reference Reference
Low NT-proBNP
Low CA125 + 526 0.004 5.13 0.006
High NT-proBNP [1.68-16.52] [1.59-16.60]
High CA125 + 6.69 0.002 7.68 <0.001
Low NT-proBNP [2.06-21.72] [2.32-25.36]
High CA125 + 11.25 <0.001 11.77 <0.001
High NT-proBNP [3.70-34.18] [3.73-37.09]
All-cause Mortality? Low CA125 + Reference Reference
Low NT-proBNP
Low CA125 + 3.78 0.004 3.88 0.004
High NT-proBNP [1.53-9.37] [1.54-9.77]
High CA125 + 291 0.015 3.83 0.002
Low NT-proBNP [1.24-6.84] [1.61-9.08]
High CA125 + 443 <0.001 453 <0.001
High NT-proBNP [1.98-9.90] [1.99-10.28]
Composite outcome® Low CA125 + Reference Reference
Low NT-proBNP
Low CA125 + 3.02 0.025 3.21 0.0195
High NT-proBNP [1.15-7.93] [121-852]
High CA125 + 4.77 <0.001 517 <0.001
Low NT-proBNP [2.17-10.49] [234-11.47]
High CA125 + 6.09 <0.001 6.03 <0.001
High NT-proBNP [2.80-13.22] [2.75-13.24]

95% Cl 95% Confidence Interval, HR Hazard Ratio, aHR Adjusted Hazard Ratio
(%) Cutoff points were 113 U/mL (CA125) and 7856 pg/mL (NT-proBNP)

(®) Cutoff points were 40 U/mL (CA125) and 6634 pg/mL (NT-proBNP)

() Cutoff points were 28 U/mL (CA125) and 6634 pg/mL (NT-proBNP)

(#)Multivariate analysis adjusting for age, chronic kidney disease, atrial fibrillation, hemoglobin, sodium, use of sodium-glucose co-transporter 2 inhibitors

Bold-faced values indicate statistical significance at p <0.05

High levels of either CA125, NT-proBNP, or both were
associated with an increased risk of the composite out-
come of all-cause mortality or rehospitalization due to
heart failure. Patients with high levels of both biomarkers
had a six-fold higher risk compared to those with low lev-
els of both biomarkers (HR=6.09, 95% CI: 2.80 —13.22,
p<0.001). This association persisted even after adjusting
for other predictors such as age, chronic kidney disease,
atrial fibrillation, hemoglobin, sodium levels, and the use
of sodium-glucose co-transporter 2 inhibitors (Table 3).

Improvement in prognostic performance with the
combination of CA125 and NT-proBNP

In univariate analysis, the combination of CA125 and
NT-proBNP demonstrated the highest discriminative
performance (Fig. 5). Combining CA125 and NT-proBNP
significantly improved risk discrimination compared
with NT-proBNP alone, for cardiovascular mortality
(AUC=0.746, 95% CI: 0.671-0.882 vs. 0.637, 95% CIL
0.540-0.734, p=0.021) and for the composite outcome
of all-cause mortality or rehospitalization due to heart
failure (AUC=0.648, 95% CI: 0.588-0.708 vs. 0.571, 95%
CIL: 0.507-0.634, p=0.009). However, the combination

of CA125 and NT-proBNP did not significantly improve
the prediction of all-cause mortality compared with NT-
proBNP alone (p=0.322) and did not improve outcomes
compared with CA125 alone (Table 4). Consistent find-
ings were observed in time-to-event analyses using Cox
regression and C-statistics.

Discussion

To the best of our knowledge, this study is among the
first prospective cohort studies to evaluate the prog-
nostic value of CA125 for mortality and the composite
outcome of mortality or rehospitalization due to heart
failure in patients with AHF in an Asian population. Pre-
vious research on CA125 has been predominantly con-
ducted in Europe, with the largest body of work centered
in Spain [14, 24]. In contrast, very few studies have been
conducted in Asia on CA125 in patients with AHF, and
none have evaluated cardiovascular mortality or rehospi-
talization outcomes [25, 26]. While previous studies have
largely focused on mortality outcomes, our study extends
the evidence by demonstrating that the combination of
CA125 and NT-proBNP can also predict the composite
outcome of all-cause mortality or rehospitalization due
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outcomes

to heart failure, an outcome not previously evaluated. In
addition, to our knowledge, this is the first study to evalu-
ate the prognostic value of CA125 in combination with
NT-proBNP in patients with AHF who were treated with
two recently recommended drug classes-angiotensin
receptor-neprilysin inhibitors (ARNI) and sodium-glu-
cose co-transporter 2 inhibitors (SGLT2i) - according to
the 2021 European Society of Cardiology guidelines. In

our cohort, 15.2% of patients received ARNI and 42.1%
received SGLT?2 inhibitors.

In our study, two key results were observed: (1) the
combination of CA125 and NT-proBNP was associ-
ated with 12- month cardiovascular mortality, all-cause
mortality and the composite outcome of all-cause mor-
tality or rehospitalization, and (2) these two biomarkers
improved the prognostic discrimination for these out-
comes. Furthermore, the combined use of CA125 and
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Table 4 Discriminative performance of CA125 and NT-proBNP combination for predicting 12-month mortality and composite

outcome

Outcome Predictor variable AUC (95% CI) p value AUC-PR C-statistics (95% Cl)

Cardiovascular Mortality? CA125 0.711(0.621-0.801) 0.243 0.694 (0.609-0.778)
NT-proBNP 0.637 (0.540-0.734) 0.176 0.648 (0.558-0.737)
CA125+NT-proBNP 0.746 (0.671-0.822) 0.248 0.738 (0.669-0.807)
CA125 vs. CA125+NT-proBNP 0.324°
NT-proBNP vs. CA125 + NT-proBNP 0.021°

All-cause Mortality® CA125 0.595 (0.524-0.666) 0337 0.584 (0.523-0.645)
NT-proBNP 0.620 (0.549-0.691) 0.334 0.616 (0.554-0.677)
CA125+NT-proBNP 0.644 (0.577-0.711) 0.363 0.634 (0.577-0.691)
CA125 vs. CA125+NT-proBNP 0.139°
NT-proBNP vs. CA125 + NT-proBNP 0.322°

Composite outcome? CA125 0.643 (0.582-0.704) 0.564 0.595 (0.548-0.641)
NT-proBNP 0.571 (0.507-0.634) 0.507 0.565 (0.517-0.613)
CA125+ NT-proBNP 0.648 (0.588-0.708) 0.559 0.601 (0.554-0.648)
CA125 vs. CA125+ NT-proBNP 0.784°
NT-proBNP vs. CA125+NT-proBNP 0.009°

95% Cl 95% Confidence Interval, AUC Area Under the Curve, AUC-PR Area Under the Precision Recall Curve

CA125 and NT-proBNP modeled as continuous variables

Bold-faced values indicate statistical significance at p <0.05

NT-proBNP may facilitate individualized risk stratifica-
tion, enabling more targeted monitoring and intensified
therapeutic strategies for patients identified as high-risk.

Both CA125 and NT-proBNP, individually or in com-
bination, have demonstrated prognostic value for pre-
dicting adverse outcomes in patients with AHF. Our
study shows that elevated levels of either or both bio-
markers significantly increases the risk of mortality and/
or rehospitalization due to heart failure. These findings
are consistent with previous research on mortality out-
comes. An observational study involving 413 patients
with AHF by Joon Y] [26], with a two-year follow-up,
reported that each logarithmic increase in CA125 (U/
mL) was associated with a 23% higher risk of mortal-
ity (HR=1.23, 95% CI: 1.02-1.48, p=0.030). Similarly,
each logarithmic increase in NT-proBNP (pg/mL)
increased the risk of mortality by 22% (HR =1.22, 95% CI:
1.01-1.48, p=0.044). Likewise, Nuiiez ] evaluated 1,111
patients admitted with AHF and found that elevated
levels of either CA125 or BNP, or both, were associated
with increased risks of all-cause and cardiovascular mor-
tality within six months [19]. Another study conducted
by Nuiiez J [27], involving 946 patients with AHF, fur-
ther demonstrated that the longitudinal trajectories of
both CA125 and NT-proBNP were significantly associ-
ated with survival status, with persistently higher values
observed among patients who died. In contrast, changes
in NT-proBNP levels were less pronounced among survi-
vors during the first two years of follow-up.

Additionally, our study demonstrated that the combi-
nation of CA125 and NT-proBNP improved discrimi-
nation for cardiovascular mortality, all-cause mortality,
and rehospitalization due to heart failure compared with

NT-proBNP alone. In the study by Joon Y] [26], adding
CA125 to a baseline model significantly enhanced the
predictive power for mortality, whereas incorporating
NT-proBNP into the baseline model did not significantly
enhance mortality prediction. Similarly, CA125 has been
demonstrated to improve risk discrimination for heart
failure-related outcomes in other settings. In the study
by Nunez J [19], the addition of CA125 to the baseline
model significantly improved the prediction of all-cause
mortality, cardiovascular mortality, and heart failure-
related mortality. In contrast, adding BNP to the baseline
model did not significantly enhance discrimination for
heart failure-related mortality.

CA125 and NT-proBNP are two biomarkers with
distinct but complementary characteristics. CA125
increases in heart failure due to inflammation and meso-
thelial cell activation, with inflammatory processes and
cytokine activation being the primary mechanisms for
CA125 synthesis [28, 29]. CA125 is considered a marker
of systemic congestion and right heart dysfunction [30].
In a prospective study involving 2,949 patients admitted
with AHF, Mifiana G [30] found that the strongest factors
influencing CA125 levels were pleural effusion and severe
tricuspid regurgitation, both markers of impaired right
heart function. Similarly, Ntfez J [14] evaluated 2,356
patients with AHF and severe outpatient heart failure
and demonstrated that congestion-related factors such as
elevated NT-proBNP, composite congestion scores, low
serum sodium, pulmonary crackles, and hepatomegaly
accounted for 79.4% of the variability in CA125 levels.
In contrast, NT-proBNP is predominantly a biomarker
of left heart function. It increases in response to elevated
wall stress, particularly in the left ventricle. Research has
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shown that changes in NT-proBNP levels are primarily
driven by factors related to left-sided cardiac dysfunc-
tion, including impaired renal function and reduced left
ventricular ejection fraction [30].

The combined use of CA125 and NT-proBNP offers
several distinct advantages that enhance their utility in
clinical practice. First, CA125 and NT-proBNP provide
complementary temporal insights: NT-proBNP, with
its short half-life of approximately 120 min [31], reflects
acute hemodynamic changes, whereas CA125, with a
longer half-life of 5-12 days [32], offers information on
fluid redistribution and congestion over preceding weeks.
This relationship is analogous to the complementary
roles of blood glucose and HbA1C in diabetes manage-
ment, offering both short- and long-term perspectives.
Second, unlike natriuretic peptides, CA125 levels are
relatively unaffected by factors such as age, renal func-
tion, or left ventricular ejection fraction, making it a
more stable and reliable biomarker across diverse clini-
cal scenarios [11]. Third, both biomarkers demonstrate
independent prognostic thresholds that are not con-
founded by conventional clinical or laboratory variables,
thereby enhancing their predictive accuracy for adverse
outcomes in patients with acute heart failure. Finally, the
widespread availability of these biomarkers in health-
care settings, combined with the particularly low cost of
CA125, supports their integration into routine clinical
practice alongside NT-proBNP, promoting broader appli-
cation and accessibility. Risk stratification using these
markers helps identify high-risk patients, enabling timely
and targeted interventions to reduce mortality. Potential
treatments include: (1) addressing the underlying cause
of heart failure; (2) early initiation of guideline-directed
therapies, such as ARNI/ACEi/ARBs, beta-blockers,
MRAs, SGLT?2 inhibitors, and device therapy when indi-
cated; and (3) structured follow-up and patient education
to promote long-term adherence.

Our study had several potential limitations. First, as a
single-center investigation, the results require external
validation in broader populations. Second, we did not
examine certain variables that could influence patient
outcomes, such as specific outpatient medication regi-
mens, dosages, and adherence to therapy. Third, the
study was conducted during the COVID-19 pandemic,
which may have contributed to an overestimation of
mortality and rehospitalization risks; Vietnam officially
declared the end of the pandemic on July 7, 2023. There-
fore, our findings should be confirmed in larger, multi-
center prospective cohort studies involving Vietnamese
and broader Southeast Asian populations.
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Conclusion

This study suggests that both CA125 and NT-proBNP are
significant prognostic biomarkers in patients with AHF.
Moreover, the combination of CA125 with NT-proBNP
significantly enhances the prediction of cardiovascular
mortality, all-cause mortality, and the composite out-
come of all-cause mortality or rehospitalization due to
heart failure. These findings support the potential inte-
gration of CA125 alongside NT-proBNP in the routine
risk stratification of patients with AHF.
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