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Background/Aims: Carbohydrate antigen 125 (CA-125) is an emerging prognostic
biomarker for heart failure. We aimed to test the long-term prognostic value of
CA-125 in combination with N-terminal pro-brain natriuretic peptide (NT-proB-
NP) in patients with acute decompensated heart failure (ADHF).

Methods: This observational study included a total of 413 patients (64.1 + 15.6 year-
old, 214 men) with ADHF. All-cause mortality during the 2-year follow-up was
investigated for the prognosis.

Results: During the follow-up (mean follow-up, 591 + 233 days), 109 deaths (26.0%)
were recorded. In the multivariable analysis model, CA-125 was an independent
factor associated with all-cause mortality (log CA-125: hazard ratio, 1.23; 95% con-
fidence interval, 1.02 to 1.48; p = 0.030) together with age, sex, New York Heart
Association class, B-blocker, and NT-proBNP. The Kaplan-Meier survival analysis
demonstrated that the group with both low marker levels showed the best 2-year
survival (87.9%) followed by the group with low NT-proBNP and high CA-125
(76.1%), high NT-proBNP and low CA-125 (64.7%) and high NT-proBNP and high
CA-125 levels (54.3%) (p < 0.001). Addition of CA-125 in combination with N'T-proB-
NP and established risk factors further increased the predictive power for mortal-
ity in patients with ADHF.

Conclusions: CA-125 was an independent factor associated with all-cause mortal-
ity in patients with ADHF. Combination of CA-125 with NT-proBNP significantly
improved the prediction of mortality in patients with ADHF.
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INTRODUCTION

Over the years a growing interest about the prognostic
biologic markers detectable in heart failure has become
evident. Several biological parameters, such as B-type
natriuretic peptides (BNPs) [1-3], tumor necrosis factor
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a [4]), and interleukin-6 [5] have evolved to be useful bio-
markers in heart failure. Recently some tumor mark-
ers have been introduced in patients with heart failure.
Among them carbohydrate antigen 125 (CA-125) has been
investigated widely [6].

Traditionally, CA-125 has been used as a tumor mark-
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er for ovarian cancer. CA-125 is known to be elevated
not only in gynecological malignancy but also in vari-
ous non-gynecological diseases including liver disease,
infectious disease, lung cancer, ascites by any cause,
and Hodgkin’s lymphoma [7-11]. Recently, CA-125 is an
emerging prognostic biomarker in patients with heart
failure. Previous studies reported that there is a signif-
icant relationship between the serum levels of CA-125
and the clinical severity or prognosis of chronic heart
failure [12-15]. Some data also showed the prognostic im-
plication of CA-125 in acute decompensated heart failure
(ADHF) [16,17].

BNP, a neurohormone synthesized in response to vol-
ume and pressure overloads in the cardiac ventricle, is
an established and potent biomarker in both acute and
chronic heart failure [18]. BNP is now widely used in
diagnosing, estimating disease severity, and predicting
the prognosis of heart failure [2,3,19]. There is limited
data regarding whether CA-125 still has its own prog-
nostic value when added to N-terminal pro-brain natri-
uretic peptide (NT-proBNP) associated with long-term
mortality of patients with ADHF. We aimed to test the
serum levels of NT-proBNP combined with CA-125 may
be more valuable factor than only detecting NT-proBNP
in patients with ADHF for the prediction of all-cause
mortality in patients with ADHF.

METHODS

Study population

Among the patients with diagnosis of ADHF following
current guideline [20] hospitalized in Kyungpook Na-
tional University Hospital between January 2005 and
July 2013, 482 patients who had tests for NT-proBNP or
CA-125 at admission were retrospectively included. Di-
agnosis of ADHF was defined as the rapid onset or wors-
ening of symptoms and/or signs of heart failure such as
pulmonary crackles, peripheral edema and cardiomeg-
aly. The patients were excluded before inclusion of the
study if they had prior acute myocardial infarction in
the previous 3 months, end stage renal or liver disease,
pregnancy, malignancy, and age < 18 years (Supplemen-
tary Fig. 1). The diagnosis of heart failure was established
on the basis of the current guidelines, symptoms, radio-
graphic and echocardiographic findings, and biomarkers.
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Figure 1. Receiver-operating curve analysis of N-terminal
pro-brain natriuretic peptide (NT-proBNP) and carbohydrate
antigen 125 (CA-125) in predicting the 2-year mortality. Ar-
eas under the curves of CA-125 and NT-proBNP in predict-
ing the 2-year mortality were 0.635 and 0.666, respectively.

Data on the demographic characteristics, laboratory
tests, medications, and prognosis were collected from
the medical charts. Initial echocardiographic data were
also collected from echocardiography reports and im-
ages from the database. Venous blood sampling for bio-
markers was obtained on admission. Patients followed
up for a period of 24 months after admission. The pri-
mary endpoint was all-cause mortality. Survival or death
status was confirmed by reviewing the death certificates,
telephone interviews, and data from the national health
insurance system. The study protocol was approved by
the Institutional Review Board of Kyungpook Nation-
al University Hospital (KNUH 2016-09-013). Informed
consent was waived because of the retrospective nature
of'the study.

Statistics

As Dbaseline characteristics, categorical variables were
presented as number with percentage, and the differ-
ences were compared using the chi-square test. The
distribution of continuous variables was presented as
mean + SD or median (interquartile range) and compar-
ison between them was conducted using the indepen-
dent ¢ test. Normality of the continuous variables was
tested using the Shapiro-Wilk test. For the normality of
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both CA-125 and NT-proBNP, log transformed values
were used in all analyses. The multivariate Cox regres-
sion analysis was used to determine the significant fac-
tors related to the 2-year mortality. A receiver operating
characteristic (ROC) curve was used to identify the opti-
mal cutoff points of the CA-125 levels and NT-proBNP
levels to determine the potential relationship between
CA-125 and 2-year mortality. Sequentially, patients were
divided into four groups according to the cutoff levels
of NT-proBNP and CA-125. The Kaplan-Meier survival
analysis was performed on the basis of those four cate-
gory groups. Four Cox-proportional hazard models were
built to test the incremental prognostic value of CA-125
in addition to established risk factors and NT-proBNP
level. Harrell’s C-statistics and likelihood ratio test were
performed to assess the discriminative ability of each

Table 1. Baseline characteristics of the patients
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model. The models served to estimate the integrated
discrimination improvement (IDI), net reclassification
improvement (NRI) with a category-free option, and
global-chi-square test among the models following the
methodology of Pencina et al. [21,22] for the incremen-
tal predictive value. All analyses were 2-tailed, p values <
0.05 were considered statistically significant.

RESULTS

Baseline characteristics

Among the patients hospitalized in Kyungpook Nation-
al University Hospital between January 2005 and July
2013, a total of 413 patients (64.1 + 15.6 year-old, 214 men)
have both NT-proBNP and CA-125 tests on admission.

Characteristic All patients (n = 413) Survivors (n =304) Event (death) (n = 109) pvalue
Male sex 214 (51.8) 148 (48.7) 66 (60.6) 0.044
Age 67.0 (55.0-76.0) 64.0 (51.0—73.0) 74.0 (66.0-80.0) <0.001
BMI, kg/m? 22.5 (20.3-25.0) 22.9 (20.6-25.5) 21.5 (20.0-23.7) <0.001
Ischemic etiology 143 (34-6) 85(28.0) 58 (53.2) <0.001
NYHA class < 0.001
I-11 104 (25.2) 97(31.9) 7(6.4)
I11-1V 309 (74.8) 207 (68.1) 102 (93.6)
SBP, mmHg 132.0 (111-155) 133.0 (112.0-156.0) 127.5 (106.3-153.0) 0395
HR, bpm 95.0 (80.0-112.0) 94.0 (80.0-111.0) 01.0 (79.3-115.8) 0.103
Smoking 166 (40.2) 120 (39.5) 46 (42.2) 0.701
HTN 192 (46.5) 131 (43.1) 61 (56.0) 0.028
DM 124 (30.0) 75 (24.7) 49 (45.0) <0.001
B-Blocker 333 (80.6) 255 (83.9) 78 (73.6) 0.028
ACEI/ARB 330 (79.9) 260 (85.5) 70 (66.0) <0.001
Spironolactone 179 (43-3) 140 (46.1) 39 (36.8) 0.123
Digoxin 79 (19.1) 54 (17.8) 25 (23.6) 0.244
Sodium, mmol/L 139.0 (146.0-142.0) 140.0 (137.0-142..0) 138.0 (135.0-141.0) 0.031
Potassium, mmol/L 4.20 (3.7-4.5) 0 (3.7-4.5) 4.2(3.8-4.7) 0.097
Creatinine, mg/dL .0 (0.8-1.4) 0.95 (o 8-1.2) 1.2 (0.9-1.9) <o0.001
LVEF, % 26.0 (18.0—40.0) 26.0 (18.0—41.0) 26.0 (19.0-36.0) 0.475
NT-proBNP, pg/mL 4,336.0 (1,663.5-10,775.5) 3,528.0 (1,347-8,067.5) 9,166.0(3,087.0-18,465.0) <o0.001
CA-125, U/mL 38.3 (15.8-112.0) 29.6 (13.9-94.2) 80.7 (27.1-139.3) <0.001

Values are presented as number (%) or median (interquartile range).
BMI, body mass index; NYHA, New York Heart Association; SBP, systolic blood pressure; HR, heart rate; HTN, hypertension;
DM, diabetes mellitus; ACEIL, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; LVEF, left ventric-

ular ejection fraction; NT-proBNP, N-terminal pro-brain natriuretic peptide; CA-125, carbohydrate antigen 125.
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The study population included 103 patients (24.9%)
with left ventricular ejection fraction > 40%. During fol-
low-up (mean follow-up, 591 + 233 days), a total of 109
deaths (26.4%) were recorded. Patients with mortality
were more frequently men (60.6% vs. 48.6%, p = 0.044),
older (age, 72.1 + 13.6 years vs. 61.3 % 15.3 years, p < 0.001),
and had a lower body mass index (BMI) (21.8 + 2.9 kg/m?
vs. 23.4 * 4.2 kg/m?, p < 0.001), more frequent ischemic
etiology (53.2% vs. 28.0%, p < 0.001), hypertension (56.0%
VS. 43.1%, p < 0.028), diabetes (45.0% vs. 24.7%, p < 0.001),
and New York Heart Association (NYHA) class III-IV
dyspnea (93.6% vs. 68.1%, p < o.001). Non-ischemic eti-
ology was listed in Supplementary Table 1. 3-Blocker
and angiotensin-converting enzyme inhibitor (ACEI)/
angiotensin receptor blocker (ARB) prescribed during
admission were less frequently used in patient who died
during the 2-year follow-up (B-blocker: 73.6% vs. 83.9%,
p < 0.028; ACEI/ARB: 66.0% vs. 85.5%, p < 0.001). The se-
rum sodium level was lower (137.7 + 4.5 mmol/L vs. 139.0
+ 7.1 mmol/L, p < 0.031), and serum creatinine level was
higher (1.5 + 0.9 mg/dL vs. 1.1 + 0.8 mg/dL, p < 0.001) in
patients with mortality. Mean CA-125 and NT-proBNP
levels were 83.5 + 111.0 U/mL and 8,269.2 +10,544.1 pg/mL,
respectively (Supplementary Fig. 2). Serum CA-125 and
NT-proBNP levels on admission were higher in the pa-
tients with mortality (log CA-125: 4.2 + 1.1 U/mL vs. 3.6 +
1.2 U/mL, p < 0.001; log NT-proBNP: 8.9 + 1.3 pg/mL vs.
8.0 +1.4 pg/mL, p < 0.001). The baseline characteristics of
the patients are presented in Table 1.

Prognostic value of serum CA-125 in combination
with NT-proBNP
The ROC curve analysis of CA-125 and NT-proBNP pre-
dicting the 2-year mortality is shown in Fig. 1. Areas
under the curves were 0.635 and 0.666 for CA-125 and
NT-proBNP, respectively. A baseline level of CA-125 > 54.5
U/mL could predict 2-year mortality with 58.6% sensi-
tivity and 61.8% specificity; a baseline level of NT-proB-
NP > 5269 pg/mL could the predict 2-year mortali-
ty with 58.6% sensitivity and 68.5% specificity (Fig. 2).
In the multivariate analyses using the Cox propor-
tional hazard model for the 2-year mortality, both high
CA-125 and NT-proBNP levels were independently asso-
ciated with an increased 2-year mortality (CA-125: hazard
ratio [HR], 1.230; 95% confidence interval [CI], 1.021 to
1.482; p = 0.030) (NT-proBNP: HR, 1.220; 95% CI, 1.006 to
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Figure 2. Kaplan-Meier survival analysis of the groups ac-
cording to the levels of carbohydrate antigen 125 (CA-125)
and N-terminal pro-brain natriuretic peptide (NT-proBNP)
(cutoff values of 54.5 U/mL and 5,269 pg/mL for CA-125 and
NT-proBNP levels, respectively). The 2-year survival rate of
the group with both low NT-proBNP and CA-125 levels was
87.9%, followed by 76.1% of the group with low NT-proBNP
and high CA-125, 64.7% of the group with high NT-proB-
NP and low CA-125, and 54.3% of the group with both high
NT-proBNP and CA-125 levels.

Table 2. Multivariate analyses using Cox proportional haz-

ard model for 2-year mortality

Variable HR 95% CI pvalue
Age 1.033 1.015-1.050 < 0.001
Male sex 0.478  0.309—0.741 0.001
BMI, kg/m?* 0.962  0.898-1.031 0.275

Ischemic etiology 1.191 0.770-1.031 0.275

NYHA class ITI-IV 5.784 2.298-14.555 < 0.001
HTN 1304 0.818-2.078 0.265
DM 1.588 1.036-2.435 0.034
B-Blocker 0.526 0.327—0.845 0.008
ACEI/ARB 0.768  0.484-1.218 0.620
Serum sodium, mmol/L.  1.000  0.964-1.038 0.998

Serum creatinine, mg/dL.  1.096
Ln NT-proBNP, pg/mL  1.220
Ln CA-125, U/mL 1.230

0.895-1.341 0.376
1.006-1.480 0.044

1.021-1.482 0.030

HR, hazard ratio; CI, confidence interval; BMI, body mass
index; NYHA, New York Heart Association; HTN, hyperten-
sion; DM, diabetes mellitus; ACEI, angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blocker; Ln,
natural logarithm; NT-proBNP, N-terminal pro-brain na-
triuretic peptide; CA-125, carbohydrate antigen 125.

https://doi.org/10.3904/kjim.2017.313


www.kjim.org

Yoon JY, et al. Serum levels of CA-125 in heart failure

1.480; p = 0.044) together with age, sex, NYHA class, and
B-blocker use (Table 2).

We divided the study cohort into four groups ac-
cording to the cutoff values of CA-125 and NT-proBNP
described above: those with low NT-proBNP and low
CA-125 (n = 173), low NT-proBNP and high CA-125 (n =
67), high NT-proBNP and low CA-125 (n = 68), and high
NT-proBNP and high CA-125 (n =105). The Kaplan-Mei-
er survival analysis demonstrated that the group with
both low marker levels showed best the 2-year survival
(87.9%) followed by the group with low NT-proBNP and
high CA-125 (76.1%), high NT-proBNP and low CA-125
(64.7%), and both high NT-proBNP and CA-125 levels
(54.3%) (p < 0.001) (Fig. 2).

To investigate the incremental predictive value of
CA-125 in addition to the established risk factors, we
built four models: (1) baseline model including the es-
tablished risk factors (age, sex, BMI, ischemic etiolo-
gy, NYHA class, hypertension, diabetes, -blocker use,
ACEI/ARB use, and serum sodium and creatinine lev-
els); (2) baseline model + NT-proBNP; (3) baseline model
+ CA-125; and (4) baseline model + NT-proBNP + CA-125.
The global chi-square of model 1 was 130.2. The addition
of serum NT-proBNP and/or CA-125 to the established
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Figure 3. Comparison among the models including the
established risk factors, carbohydrate antigen 125 (CA-125)
and N-terminal pro-brain natriuretic peptide (NT-proB-
NP) in predicting the 2-year mortality. Model 1: established
risk factors of age, sex, body mass index, ischemic etiology,
New York Heart Association class, hypertension, diabetes,
B-blocker use, angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker use, inotropics use, serum so-
dium level, and serum creatinine level; Model 2: Model 1 +
NT-proBNP; Model 3: Model 1 + CA-125; Model 4: Model 1 +
NT-proBNP + CA-125.
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Table 3. Discrimination analysis of the multivariate model

in predicting 2-year mortality

Harrell’s
Models Cindex NRI  pvalue IDI pvalue
Model 1* 0.804 Reference Reference
Model 2° 0.805  0.262 0.017 0.012 0.061
Model 3¢ 0.818 0.453 <0.001 0.021 0.010
Model 4¢ 0.816 0.456 <0.001 ©0.025 0.004

NRI, net reclassification improvement; IDI, integrated dis-
crimination improvement.

*Model 1: established risk factors including age, sex, body
mass index, ischemic etiology, New York Heart Associa-
tion class, hypertension, diabetes, $-blocker use, angio-
tensin-converting enzyme inhibitor/angiotensin receptor
blocker use, serum sodium level, and serum creatinine level.
PModel 2: Model 1 + N-terminal pro-brain natriuretic pep-
tide (NT-proBNP).

“Model 3: Model 1 + carbohydrate antigen 125 (CA-125).
dModel 4: Model 1 + NT-proBNP + CA-125.

risk factors increased the global chi-square and provided
incremental information for predicting mortality; after
adding the NT-proBNP, the global chi-square increased
to 138.2 (p < 0.005); combination of CA-125 to the model
comprising the established risk factors and NT-proBNP
showed additional improvement of the prognostic pow-
er for the 2-year mortality (global chi-square from 1,382
to 142.9, p = 0.030) (Fig. 3).

Discrimination analysis of the four models described
above is presented in Table 3. Addition of CA-125 alone to
the baseline model yielded a category-free NRI (0.456, p <
0.001) and IDI (0.025, p = 0.004), improving the discrim-
inative power of the baseline model; adding NT-proB-
NP alone to baseline model did not yield significant IDI
(category-free NRI 0.262, p = 0.017; IDI 0.012, p = 0.061).

DISCUSSION

In the present study, both high serum NT-proBNP
and CA-125 levels in the patients with ADHF were in-
dependent factors associated with the 2-year all-cause
mortality. Our study divided the study cohort into four
groups according to CA-125 and NT-proBNP: those
with low NT-proBNP and low CA-125 showed best the
2-year survival and high NT-proBNP and high CA-125
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showed worst result. We also found the prognostic value
of these two biomarkers in addition to the established
subgroups of patients with ADHF for death. Our result
shows the advantage of CA-125 addition to well-estab-
lished biomarker of NT-proBNP for a better risk stratifi-
cation. Simultaneous measurement of NT-proBNP and
CA-125 can help estimate the predictive ability for death
more accurately than only detecting NT-proBNP in pa-
tients with ADHF.

CA-125 is a glycoprotein produced by the serous epi-
thelium, and has been known as a tumor marker used
for diagnosing ovarian cancer. Recently, the significance
of CA-125 emerged in heart failure being associated with
clinical status, hemodynamic abnormalities, and echo-
cardiographic parameters. It has been broadly investi-
gated in various types of heart failure such as valvular
heart disease, atrial fibrillation, and heart failure with
preserved ejection fraction [23-26]. Although the mech-
anism for the association between heart failure and el-
evated serum CA-125 level is obscure, CA-125 levels are
closely related to serosal fluid accumulation and posi-
tively correlated with various inflammatory cytokines in
patients with heart failure. It is hypothesized that me-
chanical stress, such as fluid overload, and inflammatory
stimuli may initiate CA-125 synthesis in the mesothelial
cells located on the surfaces of the pleura, pericardium,
and peritoneum [27]. The serum level of CA-125 was
higher in patients with advanced NYHA class and also
associated with invasive or non-invasive findings, such
as the right atrial pressure and pulmonary artery wedge
pressure by cardiac catheterization or right ventricular
systolic pressure by echocardiography. After medical
therapy optimization in patients with chronic heart fail-
ure, CA-125 level decreased compared with the levels on
the day of admission [12,13]. Additionally, CA-125 could
be used as a prognostic factor in patients with acute and
chronic heart failure [12-17]. CA-125 had a similar accu-
racy in predicting major adverse events or death alone
compared with serum NT-proBNP, which is a tradition-
al and potent prognostic biomarker of mortality and
morbidity in patients with ADHF [28].

NT-proBNP is a well-established biomarker in various
heart diseases as well as heart failure for its correlation
with clinical status, various laboratory findings, echo-
cardiographic parameters, and short-term and long-
term prognosis [18,29-31]. NT-proBNP is a neurohor-

816  www.kjim.org

The Korean Journal of Internal Medicine Vol. 34, No. 4, July 2019

mone secreted by the ventricles of the heart in response
to volume overload or pressure overload, which has a
different mechanism from the secretion of CA-125. Our
data presented that there is a synergic improvement in
predicting long-term prognosis of patients with ADHF
when the biomarkers of the two different mechanism
are combined. Simultaneous application of both bio-
markers of CA-125 and NT-proBNP can help estimate
the prognosis of patients with ADHF more accurately in
the clinical practice.

Some limitations of the present study should be con-
sidered. First, this is a relatively small-sized retrospec-
tive study conducted in a single center. Results of the
present study needs to be validated in larger trials. Sec-
ond, although we included all patients available during
the index period, there may be some selection bias in
study population. For instance, the rate of ischemic eti-
ology is quite low considering the real-world prevalence
of ischemic heart failure. Third, outcome data are only
limited to all-cause mortality. We could not include data
on the cause of death, or re-hospitalization for ADHF.

In conclusion, we identified that CA-125 was an in-
dependent prognostic marker in patients with ADHF.
Combination of CA-125 with NT-proBNP significantly
improved the prediction of mortality in patients with
AHDF, indicating that simultaneous application of both
biomarkers can help estimate the accurate prognosis of’
those patients.

KEY MESSAGE

1. Carbohydrate antigen 125 (CA-125) is an emerg-
ing prognostic biomarker in patients with heart
failure.

2. Simultaneous measurement of N-terminal pro-
brain natriuretic peptide (NT-proBNP) and
CA-125 can help estimate the predictive ability
for death more accurately than only detecting
NT-proBNP in patients with acute decompen-
sated heart failure (ADHF).

3. The addition of serum NT-proBNP and CA-125
to the established risk factors provided incre-
mental information for predicting mortality in
patients with ADHE.
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Supplementary Table 1. Non-ischemic etiology of the study patients according to survivor status

All patients (n = 413) Survivors (n=304) Event(death)(n=109)  pvalue

Non-ischemic etiology 270 (65.4) 219 (72.0) 51(46.8) 0.210
Idiopathic dilated cardiomyopathy 134 (32.4) 111 (36.5) 23 (21.1)

Hypertensive heart disease 16 (3.9) 15 (4.9) 1(0.9)

Valvular heart disease 30 (7.3) 25 (8.2) 5 (4.6)

Alcohol-induced cardiomyopathy 2(0.5) 2(0.7) o

Toxic cardiomyopathy (drugs) 1(0.2) o 1(0.9)
Tachycardia-induced cardiomyopathy 39 (7.3) 30(9.9) 9(8.3)

Other 48 (11.6) 36 (11.8) 12 (11.0)

Values are presented as number (%).
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Study design

482 Index event: patients who had tests for NT-proBNP or
CA-125 at admission for ADHF

Prior acute myocardial infarction

in the previous 3 months, end stage
renal or liver disease, pregnancy,
malignancy, and age < 18 years:
already excluded before inclusion

Y

413 Study population

69 Data missing
(CA-125 or NT-proBNP)

\

413 Follow-up 2-year

Supplementary Figure 1. Study design. NT-proBNP, N-ter-
minal pro-brain natriuretic peptide; CA-125, carbohydrate

antigen 125; ADHF, acute decompensated heart failure.
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Supplementary Figure 2. (A) Box plots showing N-terminal pro-brain natriuretic peptide (NT-proBNP) levels (median; inter-
quartile range [IQR], pg/mL) according to survivor status. (B) Box plots showing carbohydrate antigen 125 (CA-125) levels (median;

IQR, U/mL) according to survivor status.
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