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Congestion explains many of the signs and symptoms of acute heart failure (AHF) and disease progression. However, accurate quantification
of congestion is challenging in daily practice. Antigen carbohydrate 125 (CA125) or mucin 16 (MUC16), a large glycoprotein synthesized
by mesothelial cells, has emerged as a reliable proxy of congestion and inflammation in patients with heart failure (HF). In AHF syndromes,
CA125 is strongly associated with right-sided HF parameters and a higher risk of adverse clinical events beyond standard prognostic factors,
including natriuretic peptides. Furthermore, CA125 has the potential for both monitoring and guide HF treatment following a decompensated
HF event. The wide availability of CA125 in most clinical laboratories, together with its standardized measurement and reduced cost, makes
this marker attractive for routine use in decompensated HF. Further research is required to understand better its biological role and its
promising utility as a tool to guide decongestive therapy in HF.
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Scheme of the pathophysiology, clinical utility, and logistic advantages of antigen carbohydrate 125 (CA125) in heart failure (HF). In acute HF
syndromes, plasma CA125: (i) is associated with proxies of clinical congestion, right-sided HF, and inflammation; (ii) is positively associated with a
higher risk of death and HF readmission; (iii) has emerged as a valuable tool for tailoring diuretic therapy; and (iv) is cheap, and widely available.
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Introduction

The pathophysiology of acute heart failure (AHF) syndromes is
complex, heterogeneous, and not completely understood.’? In
these clinical scenarios, congestion plays a key pathophysiological
role and explains most of the symptoms and signs."~* In contrast
with its importance, the management of congestion in daily practice
is highly empirical, highlighting the unmet need for novel biomark-
ers to improve diagnostic accuracy, risk stratification, monitoring,
and therapy guidance. There is renewed interest in determining
how these new markers can provide much additional informa-
tion over the clinical condition, echocardiographic parameters, and
natriuretic peptides (NPs) in the era of precision medicine.*
Carbohydrate antigen 125 [CA125, also called cancer anti-
gen 125 or carcinoma antigen 125 and mucin 16 (MUC16)]
is a complex glycoprotein encoded by the MUC16 gene in
humans.>~7 Initially recognized in 1981 by the 125th monoclonal
antibody produced against an ovarian cancer cell line, this marker

contains approximately 22 000 amino acids, making it the largest
membrane-associated mucin.>~7 It is composed of three differ-
ent domains: a N-terminal domain, a tandem repeat domain,
and a C-terminal domain. The N-terminal and tandem repeat
domains are both entirely extracellular and highly glycosylated
(Figure 7). All mucins contain a tandem repeat domain that repeats
amino acid sequences high in serine, threonine, and proline.>® The
C-terminal domain has multiple extracellular sea urchin sperm
protein, enterokinase, and agrin (SEA) modules,>® a transmem-
brane domain, and a cytoplasmic tail. The extracellular region of
MUC16 can be released from the cell surface via proteolytic cleav-
age, making it a valuable circulating biomarker>® (Figure 7). CA125
is mainly synthesized by mesothelial cells in the pericardium, pleura,
or peritoneum.>® Although its biological role is not well under-
stood, it appears to be involved in multiple pathways, including
cell-mediated immune responses.>~’

CA125 has been studied extensively as a circulating biomarker
for monitoring ovarian cancer.>~7 However, elevated values can also
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Figure 1 Schematic representation of carbohydrate antigen
125 (CA125) structure. CA125 contains three major domains
[the N-terminal domain (>12000 amino acids (aa), heavily gly-
cosylated), the tandem repeat domain, which is interspersed
with the sea urchin sperm protein, enterokinase, and agrin (SEA)
domain, and the C-terminal domain]. The tandem repeat domain
contains 18—60 repeats each with ~156 aa. The C-terminal
domain is further divided into an extracellular portion, which
contains the putative cleavage site, a transmembrane domain, and
a cytoplasmic tail of 32 aa.

be found in other malignancies as well as in benign conditions.”"°

In recent years, increasing evidence supported the use of CA125 in
cardiovascular diseases, particularly in decompensated heart failure
(HF) and in the transition to clinical stability.”'° Indeed, high CA125
levels have been found elevated in almost two-thirds of patients
with AHF and showed to be highly correlated to the severity of
congestion.”?

This review focus on the following points: (i) pathophysiology
and biological role of CA125 up-regulation in HF; (i) risk stratifi-
cation; (iii) monitoring and therapy guidance; (iv) comparison with
NPs; (v) CA125 and other HF biomarkers; (vi) clinical interpreta-
tion; (vii) logistic advantages; and (viii) gaps in evidence and future
directions.

© 2021 European Society of Cardiology

Pathophysiology and biological
role of CA125 up-regulation
in heart failure

CA125 is a large transmembrane glycoprotein generally
expressed on the surface of cells derived from most mesothelial
membranes.>~” In contrast to malignancies that overexpress
mucins, the myocardium is not a source of CA125.5~7 The mech-
anisms leading to CA125 up-regulation in decompensated HF
are not well characterized; however, both haemodynamic and
inflammatory stimuli seems to play a crucial role®~'® (Figure 2).
Activation of mesothelial cells in response to increased hydrostatic
pressures, mechanical stress, and cytokine activation has been
suggested to be the crucial mechanism promoting the synthe-
sis of CA125.7-13 Using a mesothelial cell monolayer as an in
vitro model, Zeillemaker et al.'? reported that CA125 secretion
is enhanced by inflammatory cytokines, such as interleukin-1,
tumour necrosis factor-a, and lipopolysaccharide. Recently, endo-
plasmic reticulum oxidoreductase 1 L (ERO1L), an enzyme that
plays an important role in the development of lung cancer, has
been described to regulate the expression of MUC16 through the
secretion of cytokines in a positive feedback form.™

In HF, cumulative evidence supports the positive association of
plasma levels of CA125 with congestion (Table 7)'>~'° and inflam-
mation (Table 2).'2182021 These findings were recently confirmed
in a large multinational, prospective, observational cohort that
included patients with worsening HF.'® In this study, CA125 clus-
tered with a clinical congestion score, biomarkers of congestion
[amino-terminal pro-brain natriuretic peptide (NT-proBNP) and
bio-adrenomedullin], and inflammatory markers (interleukin-6 and
growth differentiation factor 15). Considering that congestion and
inflammation are largely inter-related,'"?? long-term venous con-
gestion may also stimulate the inflammatory system, resulting in
cytokine-mediated CA125 synthesis and release by mesothelial
cells, even in the absence of clinically evident serosal effusion.2%23
Indeed, we reported a sustained reduction in plasma CA125 in par-
allel with improvement in the patient’s clinical and congestion status
after the onset of peritoneal dialysis in patients with refractory con-
gestive HF, despite the serosal irritation induced by infusion of the
osmotic solution into the peri'coneum.23 In addition, in a cohort of
2949 patients admitted with AHF, pleural effusion and the severity
of tricuspid regurgitation (as a proxy of right-sided HF) were the
two main independent predictors of CA125 variability."” In a more
recent study in 191 patients admitted for AHF, CA125 was strongly
and independently associated with intravascular parameters (infe-
rior vena cava diameter) and clinical congestion (peripheral oedema
and pleural effusion). In this study, NT-proBNP was marginally asso-
ciated with the presence of pleural effusion and inferior vena cava
diameter but not related to peripheral oedema.'® More recently,
CA125, but not NT-proBNP, predicted the existence of congestive
intrarenal venous flow in patients with AHF2*

The biological role of CA125 is mostly unknown. It has been
suggested that CA125 protects the epithelial surface from mechan-
ical stress by acting as a lubricant.>~7 Moreover, the interaction
between transmembrane mucins and other mesothelial/interstitial
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Figure 2 Pathophysiology of carbohydrate antigen 125 (CA125) in heart failure. Systemic and pulmonary venous congestion promote the
transudation of plasma fluid into the interstitium. A dysfunctional interstitial glycosaminoglycan (GAG) network further facilitates this process
because of longstanding congestion and sodium accumulation. Besides, lymphatic drainage becomes less efficient, promoting fluid accumulation.
The injury resulting from mechanical stress and inflammatory stimuli activate mesothelial cells, leading to CA125 synthesis via c-Jun N-terminal

kinase pathways. IL, interleukin; TNF, tumour necrosis factor.

proteins seems to support the role of CA125 in processes involv-
ing fluid and cell transport, inflammation, tissue repair, and tumour
dissemination.>~” Also, CA125-associated N-glycans are involved
in modulating the immune innate and adaptive response.’® For
example, CA125 has been shown to suppress natural killer activity
by interacting with several carbohydrate-binding proteins, includ-
ing the galectin family.?"? Indeed, CA125 has been demonstrated
to serve as a lectin counter-receptor, exhibiting a higher affin-
ity for galectin-1 and 3.2'? It is thought that CA125 may play a
role in the cardiac remodelling process by regulating galectin activ-
ity or even modifying the mass and stiffness of the intercellular
matrix. For instance, in patients admitted with decompensated HF,
positive correlations were reported between galectin-3 and prox-
ies of inflammation (interleukin-6 and tumour necrosis factor-o)
only in those with CA125 values above the median but not in the
rest.?! Further studies are warranted to define its biological role
in patients with HF. The proposed biological roles of CA125 in HF
are illustrated in Figure 3.

CA125 and risk stratification

Nigele et al2® first described in 1999 higher levels of CA125
in 71 patients with HF on a transplant list. In this study, CA125

levels significantly correlated with neurohormones and filling
pressures.?® A plethora of studies over the last two decades have
re-evaluated and confirmed the prognostic role of CA125 in HF
(Table 3).1%161827-30 |5 suymmary, CA125 has shown a positive
association with adverse clinical outcomes, particularly in the
setting of AHF'51627-3% D’Aloia et al'> reported a significant
association between CA125 levels >35U/mL with death and
readmission for worsening HF in a cohort of 286 congestive HF

I.'¢ reported

patients with reduced ejection fraction. Yilmaz et a
a positive association between CA125 and the risk of mortality
and readmission in a cohort of 150 stable patients with systolic
dysfunction. Noteworthy, these findings in stable HF have been
replicated in patients with AHF In 529 patients admitted with
AHF, CA125 emerged as an independent predictor of mortality
at 6 months.”” Notably, CA125 also provided additive prognostic
value to standard risk prognostic factors, including NPs, in a
cohort of 1111 patients admitted for AHFE2 In this study, the
combined use of CA125 and NPs improved 6-month mortality risk
stratification compared to either of them alone.?® A meta-analysis
of 16 studies (15 cohort studies and one randomized trial)
including 8401 AHF patients with either reduced or preserved
ejection fraction reported that high CA125 levels were associ-
ated with an increased risk of all-cause mortality [hazard ratio

© 2021 European Society of Cardiology
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Figure 3 The proposed biological role of carbohydrate antigen 125 (CA125) in heart failure. Galectin-3 (Gal-3) is involved in adverse cardiac
remodelling. CA125 has been recognized as a specific binding partner of galectin-1 and Gal-3 through its O-linked f-galactose-terminated
oligosaccharide chains. The interaction between CA125 and Gal-3 may enhance the pro-fibrotic process and adverse cardiac remodelling.

Adapted from Nufez et al.2*

(HR) 1.44, 95% confidence interval (Cl) 1.21-1.72; P<0.001]
and HF-related readmissions (HR 1.51, 95% CI 1.11-2.04;
P<0.01).

More recently, the predictive value of CA125 has been replicated
in a sub-analysis of the prospective multicentre BIOSTAT-CHF
(Biology Study to Tailored Treatment in Chronic Heart Failure)
study.’® In this sub-study, including 2516 patients with worsen-
ing HF, CA125 was strongly associated with 1-year mortality risk
and the composite of death/HF readmission. Interestingly, the risk

© 2021 European Society of Cardiology

associated with CA125 showed a non-linear pattern with an expo-
nential increase in risk up to 200 U/mL and a plateau afterward.®
This prognostic effect was independent of the severity of systemic
congestion. Also, it did provide incremental discrimination over the
BIOSTAT-CHF risk score, which includes robust and established
prognostic factors with NPs among them.’® In this same study,
the association between CA125 and the 1-year risk of adverse
outcomes was replicated in a validation cohort comprising 1630
patients with worsening HF.'8
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CA125 in heart failure

Utility of CA125 for heart failure
monitoring and therapy guidance

CA125 dynamics and heart failure
monitoring

One of the most attractive properties of CA125 is the potential for
monitoring the clinical course following HF decompensation. Small
studies have reported that changes in CA125 parallel changes in
clinical status (Table 4). More recent studies have also shown that
changes within the first weeks following discharge are useful for risk
stratification (Table 4).1%232631-33 |n 3 cohort of 293 patients admit-
ted for AHF (median CA125 during admission 72.6 U/mL), we
found that CA125 decreased to <35U/mL in 52.2% of the sample,
decreased but remained >35 U/mL in 24.6%, and increased in 23.2%
at the first outpatient visit after discharge (median 31 days). At a
median follow-up of 18 months, patients who normalized CA125
values had the lowest risk of death.3' In contrast, those with
decreased but not normalized values and those with increased val-
ues had a higher adjusted risk of death (HR 2.41, 95% Cl 1.40-4.17;
P =0.002; and HR 3.33; 95% CI 1.89-5.88; P = 0.001, respectively)
compared to those with normal CA125 values. In this same study,
changes over time exhibited incremental reclassification indexes
compared to the single measurement of CA125, or even changes
in NT-proBNP32 The same categorical changes proved to be useful
for the prediction of 6-month readmission. Patients who did not
have CA125 <35 U/mL at the first outpatient visit had a threefold
increased risk of 6-month HF readmission.3?

More recently, the long-term evolving trajectory of CA125
measurements has been shown to be independently related to
mortality.33 In a study of 946 consecutive patients discharged for
AHF, the long-term prognostic effect of repeated measures of
CA125 (3402 observations during a mean follow-up of 2.64 years)
markedly differed according to survival status (Figure 4). Most of
the substantial decrease occurred within the first month after
discharge, a behaviour that identified a lower risk subgroup. In
contrast, CA125 remained elevated or increased in those who
died at the end of the follow-up.3 In this same study, longitudinal
measurements of NT-proBNP were also associated with higher
mortality risk, but, in contrast to changes in CA125, the magnitude
of these changes was less notorious and attenuated over time
(Figure 4). Interestingly, the transition from high to low or low to
high CA125 during follow-up was strongly associated with a lower
and higher risk of death, respectively.?*

Some preliminary data suggest CA125 decreases in parallel to
the intensification of depletive treatment. Indeed, the addition of
acetazolamide to an intensive diuretic regimen or undergoing a
continuous ambulatory peritoneal dialysis significantly decreased
CA125 in patients with congestive refractory HFE23* Likewise,
a pilot study found a 1-month reduction of CA125 following
empagliflozin administration in patients with stable HF and type
2 diabetes.®

In summary, this accumulated evidence endorses the role of
CA125 in dynamic risk stratification. These reported risk estimates
seem to be independent and additive to prognostic information
gained by traditional proxies of HF severity and NPs.

© 2021 European Society of Cardiology

CA125 for therapy guidance

3637 and random-

In recent years, data from observational studies
ized clinical trials’®3® highlighted the potential role of CA125
for tailoring diuretic therapy after AHF hospitalization. The
CHANCE-HF trial enrolled 380 patients discharged for AHF and
high CA125 levels (>35U/mL); approximately half of them had
HF with preserved ejection fraction.?® In this study, the authors
compared a CA125-guided therapy vs. standard of care. Briefly,
the active arm consisted of intensifying diuretic treatment and
monitoring frequency when CA125 increased or persisted at
high levels during follow-up. When CA125 decreased below
35 U/mL, the protocol recommended down-titrating diuretics and
spacing the frequency of outpatient visits. Patients allocated to the
CA125-guided strategy had 50% more diuretic dose modification,
and up to 21% of them received outpatient intravenous furosemide
based on persistently high CA125 levels.3® The guided strategy
was superior to the standard of care in terms of reducing the risk
of the composite 1-year death or AHF readmission. This reduction
occurred at the expense of reducing both the risk of the first
HF readmission and recurrent HF readmissions by 51% at 1-year
follow-up.3® More recently, the effect of the CA125-guided diuretic
strategy on short-term renal parameters was evaluated in the
IMPROVE-HF trial, an open-label multicentre randomized study
of 160 patients with AHF and renal dysfunction at presentation
(mean glomerular filtration rate 33.7+11.3 mL/min/1.73 m?).%°
In this challenging population, the CA125-guided group received
higher furosemide equivalent dose than usual care when CA125
>35U/mL (660 mg vs. 320mg of intravenous furosemide over
72 h), with no difference in patients with low CA125 levels. Such
approach translated into higher urine volume and early improve-
ment in clinical and renal function parameters at 72 h, and a trend
toward a lower risk of clinical adverse events at 30 days.>’

CA125 and natriuretic peptides:
different but complementary

Natriuretic peptides are secreted predominantly by the ventricular
myocardium and used as a proxy of left ventricular myocardial
stretch; thus, higher values are highly correlated with ventricular
pressures and clinical severity.*° Interestingly, and even though NPs
and CA125 correlated positively, most of these associations are
weak®1%1828 or marginal."’

Several studies have also shown that CA125 provides additional
prognostic information beyond NPs.>1%1828.30 |nterestingly, in some
clinical scenarios characterized by overt systemic congestion and
right ventricular dysfunction [e.g. patients with severe functional
tricuspid regurgitation (TR)], CA125 may outperform NT-proBNP
in predicting long-term mortality.3° A recent study of 2961 patients
discharged from AHF demonstrated a differential mortality risk
association of CA125 and NT-proBNP across TR severity. Higher
CA125 values were associated with elevated risk in the whole
sample; however, the effect was greater in patients with severe
TR.3% Thus, we envision the complementary use of both markers
for assessing the degree of each heart side participation, where
CA125 and NPs mirrored the right and left-sided HF, respectively.
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Table 4 Carbohydrate antigen 125 changes and clinical status

Author Year N Follow-up LVEF
Nigele et al.2é 1999 71 1.9 + 0.8 years prior HFrEF
to HTx and
2.29 + 1.85years
after HTx
D'Aloiaetal’® 2003 286 63 months HFrEF
Faggiano et al? 2005 30 5-20days HFrEF

Nufiez et al.3' 2012 293 18 (10-32) months

Mifiana Escriva 2012 293
et al.32

6 months

Nufez et al.3 2012 25 6 and 24 weeks

Nufiez et al.33 2017 946  2.64(1.20-5.36)

years

52.9% HFrEF

52.9% HFrEF

40+12%

51% HFrEF

Changes in CA125 Results

Absolute changes Decreased levels after HTx or
stabilization and an increase
during HF worsening

Absolute changes Significant decrease after clinical
stabilization in those who NYHA
class decreased by more than one
grade

Significant decrease when a clinical
improvement (reduction of at least

Absolute changes

one NYHA class) was reached.
Normalization of CA125
(<35 U/mL) was associated with

Categorical changes
between discharge and
first ambulatory visit lower risk. Persistence of CA125

(median 31 days after) >35 U/mL was associated with
higher risk.

Elevation of CA125 levels
(>35U/mL) after the first weeks

of admission for AHF (absolute,

Categorical changes
between discharge and
first ambulatory visit
(median 31 days after) relative or categorical changes)
was associated with an increased
risk of readmission for AHF.

Categorical changes showed the best
discriminative accuracy.

After peritoneal dialysis CA125
significantly decreased at 6 and
24 weeks, in parallel to a
significant improvement in quality
of life, BMWT, and NYHA class.

Longitudinal trajectory of CA125
and NT-proBNP were associated

Absolute changes

Absolute changes and
dichotomic variable
(35U/mL) with higher risk of mortality.

Incremental prognostic value over

single measurements.

6MWT, six-minute walk test; AHF, acute heart failure; CA125, carbohydrate antigen 125; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; HTx, heart
transplantation; LVEF, left ventricular ejection fraction; NT-proBNP, amino-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association.

2The complete list of references is detailed in online supplementary File S7.

Other differences are worth noticing. First, the half-life of
CA125 (range 5.1-12days) is significantly higher than that of
NPs (measured in minutes).>'® Indeed, the differences in the clin-
ical information provided by NPs and CA125 could be viewed as
the role played by serum glucose and glycosylated haemoglobin,
respectively, in diabetes. Secondly, in contrast to NPs, CA125
levels do not appear to be substantially modified by age and renal
dysfunction.!” Thirdly, the levels of this biomarker seem not to
differ broadly across the spectrum of left ventricular ejection
fraction.”” However, its possible correlation with other parame-
ters such as body mass index or other common comorbidities in
HF has not been deeply evaluated. With these differences in mind,
we expect advantages of CA125 over NPs in the following circum-
stances: patients with predominant right-sided involvement, partic-
ularly in those with HF with preserved ejection fraction, patients

with more severe renal dysfunction, and in the elderly. Con-
versely, NPs may provide incremental clinical utility over CA125 in
euvolaemic or mild congestive patients with predominant left-sided
HF. Although a formal comparison between both biomarkers is
warranted in the latter situations, we envision both biomarkers
may play a complementary role in HE.

CA125 and other heart failure
biomarkers

Beyond the reported positive association between NPs and some
inflammatory markers with CA125, this glycoprotein has also cor-
related with other biomarkers in HF. For instance, in a large
cohort of patients with AHF, CA125 was positively related to

© 2021 European Society of Cardiology



CA125 in heart failure

1

A Lowess smoothed mean of INCA125 B Lowess smoothed mean of INNT-proBNP
4.4 8.4
4.2 O 824
I £
£ 2
D. 4.0 DZ: 8.0
g 2
g 3.8 5_ 7.84
= =
£ z
3.6 £ 764
P <0.001 P <0.001
3.4 ' 7.44
0 1 2 3 4 5 0 1 2 3 4 5
Years Years
—Alive — Deceased

Figure 4 Longitudinal changes of carbohydrate antigen 125 (CA125) and amino-terminal pro-brain natriuretic peptide (NT-proBNP) after
an acute heart failure event across patients’ survival. Adapted from Nufiez et al.3?

bio-adrenomedullin, a surrogate of congestion. Interestingly, in a
cluster analysis, both biomarkers grouped together.® A signifi-
cant prognostic interaction showed a differential effect of galectin-3
across different levels of CA125 in patients with AHF?! In patients
with CA125 levels above the median, galectin-3 was associated
with a greater inflammatory burden and a higher risk of adverse
events. Conversely, galectin-3 was not related to inflammatory
activity or clinical outcomes in those with lower CA125 levels.”!
However, no studies have currently compared the clinical utility of
CA125 vs. other emerging biomarkers of congestion or inflamma-
tion in decompensated HFE.

Clinical interpretation

The clinical value of circulating levels of CA125 in HF is summarized
in the Graphical Abstract. However, some issues are worth to know
when interpreting plasma CA125 levels in patients with HF.

A valuable biomarker in the proper
clinical context

As previously mentioned, CA125 is not cardiac-specific, and its
up-regulation may also occur in several benign and neoplastic dis-
eases. Thus, in the absence of HF diagnosis, elevated CA125 values
may indicate widely and heterogeneous conditions which require
a comprehensive clinical evaluation. CA125 levels in ovarian and
metastatic malignancies usually exhibit much higher levels than
those reported in acute and stable HE>7%1° |n patients with AHF,
up to two-thirds of patients have CA125 levels >35 U/mL, and their
values strongly correlated with signs of congestion (Table 7). In con-
trast, most patients with stable HF have CA125 levels <35 U/mL.
Therefore, the information provided by CA125 should take into
account symptoms/signs, echocardiographic parameters, and the
status of other biomarkers, such as NPs.

© 2021 European Society of Cardiology

In contrast to the information provided by elevated levels of
CA125, levels in the low to normal range (CA125 <23 U/mL) can
be used to identify a subgroup at low risk of short-term adverse
events following an AHF admission, as our team recently showed
in a large derivation (n = 3231) and validation (n = 1583) cohort.*!

The utility of CA125 measurement
during and following heart failure
decompensation

Patients with decompensated HF and elevated CA125 levels
require a thorough evaluation of congestion and right-sided HF
performance parameters. These patients may also benefit from
an intensive depletive strategy with closer monitoring. During the
first weeks or months after discharge, CA125 kinetics closely cor-
related with the patient’s clinical course. Regardless of the initial
values after discharge, normalization of CA125 (<35 U/mL) is the
pattern that occurred most frequently and associated with clinical
improvement and lower risk of events (Table 4). Increased values
or lack of normalization during the first weeks after discharge may
indicate persistent congestion and posed a higher risk of adverse
clinical events (Table 4). In this subset of patients, we recommend
close monitoring and considering intensive depletive treatment. In
summary, a continuously ascending trajectory of CA125 over time
in an apparently stable patient might be an alarming sign and will
require further evaluation.

The importance of the CA125 half-life

CA125 is a circulating biomarker with a long half-life.>'® CA125
provides information about the fluid status during the last weeks
and does not necessarily reflect acute haemodynamic changes
(lagged effects). Thus, in patients with abrupt HF onset, CA125
may have had the time to be up-regulated.?® Additionally, during the
following days after a decompensation, CA125 may persist stable
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Table 5 Potential areas of utility of carbohydrate
antigen 125 to be confirmed in further studies

Clinical utility Description
CA125 for assessing High values of CA125 as an indicator
congestion of:

- Subclinical congestion

- Predominant extravascular
congestion

- Predominant right-sided HF

Additional clinical utility
using a multimarker

Value of multimarker approach for
phenotyping and risk stratification.
panel Multimarker panel including:

- Natriuretic peptides
- Urinary sodium

- Bio-ADM

- ST2

- Galectin-3

Guiding decongestive Although two small RCTs suggested
that CA125 could be useful for

tailoring depletive therapy, further

therapy

larger and controlled RCTs are
needed to confirm these
preliminary findings
CA125 as a therapeutic Further studies should unravel the
target biological role of CA125 in HF
and whether targeting CA125 may
open a new line of treatment

ADM, adrenomedullin; CA125, carbohydrate antigen 125; HF, heart failure; RCT,
randomized controlled trial.

or even increase, making serial measurements during the first
days after a hospitalization futile for capturing information about
acute response to therapy.?® On the contrary, CA125 kinetics
weeks-months following a decompensation have emerged as a
promising monitoring tool.

Logistic advantages

CA125 has several logistical advantages over other biomarkers
that facilitate its transition from clinical investigation to daily
clinical practice. First, CA125 has been used routinely in clinical
practice for more than 30years, primarily for diagnosing and
monitoring patients with ovarian cancer®~7*; unlike other novel
biomarkers currently limited to the research field, CA125 is widely
available at any hospital laboratory. Second, CA125 is measured
following standardized and highly reproducible methods. Different
antibodies recognize CA125, the most commonly used being
OC125-like and M11-like antibodies. These antibodies provide
the basis for CA125 detection by enzyme-linked immunosorbent
assays.>~72* A list of commercially available assays is presented in
online supplementary File S2. Third, CA125 measurement is not
dependent on processing time, EDTA plasma, or serum. Finally,
the cost of CA125 assessment is significantly lower than the cost
of assessing NPs.*2

Gaps in evidence and future
directions

Several gaps in current knowledge are worth mentioning. First,
the pathophysiology of CA125 up-regulation in HF is not well
known. Second, whether CA125 plays a role in disease progression
remains mostly speculative. Third, the clinical utility of this gly-
coprotein for risk stratification, monitoring, and tailoring diuretic
therapy should be confirmed in larger multicentre studies. Specif-
ically, the utility of CA125 for guiding treatment in patients with
a recent episode of decompensated HF is an exciting field to
be developed in the following years. Lastly, the optimal cut-off
for defining normal vs. abnormal values in different HF scenarios
should be established, as the cut-off of 35 U/mL was derived pri-
marily from cancer studies. Future priority lines of research are
summarized in Table 5.

Conclusions

CA125 has emerged as a promising surrogate of congestion
and inflammation in different AHF scenarios. Current evidence
supports its potential role in risk stratification, monitoring, and
guidance of depletive therapy during the first weeks and months
after an AHF event. The wide availability of this biomarker would
make easy its widespread implementation in clinical practice.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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