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Abstract

:

Background: Heart failure is a global major healthcare problem with millions of hospitalizations annually and with a very high mortality. There is an increased interest in finding new and reliable biomarkers for the diagnostic, prognostic and therapeutic guidance of patients hospitalized for acute heart failure; Our review aims to summarize in an easy-to-follow flow recent relevant research evaluating the possible use and the clinical value of measuring CA 125 serum levels in acute HF. Methods: A thorough search in the main international databases identified a relevant pool of 170 articles, providing recently published data for this narrative review that used PRISMA guidelines. Results: There are data to sustain the role of carbohydrate antigen 125 (CA 125), a worldwide used marker of ovarian cancer, in patients with heart failure. Several studies have shown links between CA 125 levels and congestion seen in acute heart failure, high mortality and readmission rates at 6 months follow-up after discharge from acute heart failure and also a role of CA 125 in the guidance of heart failure therapy. There are also clinical trials that showed that several particularities of CA 125 make it even better than N-terminal pro b-type natriuretic peptide (NT-pro BNP)—a classical and more utilized marker of heart failure) in several scenarios of acute heart failure. Conclusions: Although the mechanism behind the upregulation of serum CA 125 in patients with congestive HF has not been confirmed nor fully understood.
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1. Introduction


Heart failure is still a current major healthcare concern worldwide, especially in the well-developed countries, such as the US and European countries, where heart failure is the third cause of cardiovascular mortality, with about 1 million hospitalizations annually [1,2].



Heart failure (HF) is a clinical syndrome characterized by a constellation of symptoms (dyspnea, orthopnea, lower limb swelling) and signs (elevated jugular venous pressure, pulmonary congestion) often caused by a structural and/or functional cardiac abnormality resulting in reduced cardiac output and/or elevated intracardiac pressures.



Acute heart failure (AHF) is broadly defined as a rapid onset of new or worsening signs and symptoms of heart failure. It is a potentially life-threatening condition, requiring hospitalization, and emergency treatment is aimed predominantly at managing fluid overload and hemodynamic compromise. AHF is a condition with an adverse prognosis, characterized by high mortality and rehospitalization rates and represents a significant financial burden to health systems.



Several circulating biomarkers have been studied for the use in appreciating the prognostic risk and the response to therapy in heart failure patients. Among these, the natriuretic peptides are the most used and studied biomarkers of heart failure [2,3,4].



Cancer Antigen 125 (CA 125) has recently emerged as a potential prognostic indicator and biomarker for guiding decongestive therapy in heart failure patients [4,5,6].



Carbohydrate antigen 125 (CA 125) is a high molecular weight transmembrane glycoprotein belonging to the mucin family, also known as MUC1644. It was first detected in ovarian cancer cells, but several studies showed that it is normally expressed on different cell surfaces present in various organs (lung, prostate, pleura, pericardium, peritoneum), with the role of hydrating and lubricating epithelial surfaces, thus protecting them from mechanical stress [7,8,9,10].



Clinically, it has been used as a marker of ovarian cancer, in monitoring, risk stratification and prognostication. CA 125 levels also rise in other malignancies such as lung cancer, mediastinal teratoma and non-Hodgkin lymphoma [11,12]. Although CA 125 is a well-known marker of ovarian cancer, its serum levels are also upregulated in multiple nonmalignant pathological states but also in physiologic conditions: pregnancy, menstruation, liver cirrhosis, pelvic inflammatory disease, peritoneal trauma, ascites, lung cancer and congestion due to heart failure [13,14]. The exact mechanism is not known but it is probably related to several mechanisms.



One proposed pathophysiological mechanism is the increased mechanical stress produced by excessive fluid accumulation. For example, CA 125 levels are positively correlated with pleural effusion volume in patients with chronic obstructive pulmonary disease and also with serosal fluid accumulation in patients with either benign or malignant diseases such as lung cancer or liver cirrhosis [15].



Inflammation seems to be another factor involved in the elevation of CA 125 levels in heart failure. We know that heart failure generates a systemic inflammatory state and that several proinflammatory cytokines (IL-6, IL-10, TNF alpha), are released in the blood circulation, and those cytokines can enhance the secretion of CA 125 [16]. Venous congestion produces changes in expression patterns of the endothelium and perivascular tissue, leading to upregulation of pro-oxidant, proinflammatory and vasoconstrictive factors. Bulska-Bedkowska et al. reported that CA 125 levels positively correlated with high-sensitivity C-reactive protein and IL-6 [8,17].



There are also data to suggest that CA 125 is implicated in the process of cardiac remodeling by modifying the intracellular matrix [18,19,20,21,22]. In patients hospitalized for acute heart failure, there was a positive correlation between galectin-3 and signs of inflammation only in patients with elevated CA 125 levels [18,22,23,24].



Duman et al. and Kouris et al. reported, in small studies, a weak association between CA 125 levels and pulmonary artery pressure, with no correlation to left side cardiac dysfunction. They also showed that CA 125 was associated with left atrial volume as an index of diastolic dysfunction [25,26].



Larger scale studies began to show the link between CA 125 and heart failure. D’ Aloia et al. [27] demonstrated a correlation between CA 125 levels and right heart dysfunction and left ventricular diastolic dysfunction. D’Aloia’s study had a larger total patient population and a wider range of heart failure severity, and thus more conclusive results. They also showed that lower levels of CA 125 at follow-up correlated with clinical improvement. In another large-scale study, Vizzardi et al. [28] reported that systolic and diastolic indices and cardiac diameter correlated with CA 125 levels.



More recent and also larger-scale studies performed by Nunez et al. demonstrated the predictive value of CA 125 for all-cause mortality at 6 months after acute heart failure discharge [29,30]. There is also a moderate correlation between CA 125 and natriuretic peptides, and the combination of the two seems to improve risk stratification of heart failure.



Our review aims to summarize in an easy-to-follow flow recent relevant research evaluating the possible use and the clinical value of measuring CA 125 serum levels in acute HF.




2. Methodology


Our literature search strategy was based on a thorough analysis aiming to identify articles on the selected topic, using the relevant key words, within broadly used databases and aggregators (PubMed, MEDLINE, Google Scholar). We performed this narrative review based on a relevant pool of over 200 articles selected after screening reviews, meta-analyses and randomized or observational clinical trials results published in the last 20 years (Figure 1).



The population included in these studies had a mean age of 70 years old and were diagnosed with heart failure according to the current guidelines of medical practice. Serum CA 125 levels were correlated with several clinical and imagistic parameters of heart failure and also with the short- and medium-term follow-up of patients after discharge.



This review is conducted following PRISMA guidelines. Although the search criteria started from a 20-year time span, we focused our work on presenting the latest data in order to maximize the clinical impact of the data.




3. Results


3.1. CA 125 and Congestion in Heart Failure


Congestion in heart failure is linked to poor outcome, as such we recognize the importance of early detection of congestion. However, the quantification of congestion can be quite challenging, especially in different settings such as in early phases of acute heart failure or close to discharge for hospitalization. Fluid overload and retention are the most common reasons for heart failure hospitalizations, and decongestion represents an important therapeutic target in these patients. However, complete decongestion in heart failure patients can be challenging, and so the residual congestion may be underappreciated leading to an increased risk of early rehospitalization and increased mortality [11,31,32,33,34,35].



CA 125 provides additional information regarding signs and symptoms of congestion, peripheral edema and serosal effusion in patients with heart failure. For example, in studies carried out by Falcao et al., in patients with heart failure complicating ST-elevation myocardial infarction, circulating CA 125 levels correlated with pulmonary congestion and had a similar prognostic power for mortality as N terminal pro B type natriuretic peptide (NT-pro BNP) [36,37,38]. Minana et al. showed that in cases of systemic congestion and right ventricular dysfunction CA 125 can outperform NT-pro BNP in the prediction of mortality [32,39].



Fluid retention and congestion are the primary reasons for hospitalization of heart failure patients. Therefore, congestion is an important therapeutic target and its evaluation is very important as it is often difficult.



There are two types of congestion that need to be evaluated in heart failure patients: intravascular congestion and tissue congestion. Underappreciation of congestion at discharge increases the risk of early rehospitalization and death in heart failure patients [40].



As such correct evaluation of residual congestion before discharge is very important, there is an increasing interest in the establishment of reliable and cost-effective biomarkers of fluid overload in heart failure [40,41].



CA 125 was studied as a potential biomarker of fluid overload in heart failure.



Studies conducted by Soler [42] and Minana [32] suggested that CA 125 may outperform NT-pro BNP in predicting mortality in cases of systemic congestion and right ventricular dysfunction. Minana et al. conducted a study of 2949 patients hospitalized for acute heart failure, in which they tried to determine the main factors associated with CA 125 and NT-pro BNP [32]. The median value for NT-pro BNP was 4840 pg/mL and for CA 125 was 58 U/mL. The main factors associated with NT-pro BNP levels were glomerular filtration rate, left ventricle ejection fraction and age, as opposed to CA 125 levels which were associated with presence of pleural effusion, tricuspid regurgitation severity and peripheral edema. In conclusion, CA1 25 was a more useful marker of right heart failure, being less influenced by age and renal function than NT-pro BNP [32].



In a prospective observational study including 191 patients admitted for acute heart failure, conducted by Pau Llacer et al. [43], CA 125 levels were associated more significantly than NT-pro BNP with the state of congestion. CA 125 was positively associated with signs of congestion such as: peripheral edema, pleural effusion and elevated inferior vena cava diameter. CA 125 was the most important predictor of inferior vena cava dilatation.



In another study, Gonzalo Nunez-Marin et al. aimed to determine if CA 125 and NT-pro BNP were associated with patterns of congestion, as measured by intrarenal venous flow Doppler ultrasound, in patients hospitalized with acute heart failure. A total of 70 patients with the mean age of 73 years were enrolled and renal Doppler ultrasound was assessed during the first 24 h of admission. CA 125, with a cut off value of 63.5 U/mL, showed a positive association with congestive renal ultrasound patterns and not NT-pro BNP [44].



In a meta-analysis performed by Li et al., including sixteen studies, with a total of 8401 patients with acute heart failure, high CA 125 levels were associated with acute heart failure symptoms and with more severe fluid overload [41].



Two studies have shown the relation between CA 125 and echocardiographic parameters of congestion and heart failure. D’Aloia et al. observed that CA 125 levels correlated with pulmonary artery pressure, right atrial pressure and deceleration time as measured by Doppler echocardiography [27]. Yilmaz et al. showed that CA 125 levels were negatively correlated with left ventricle ejection fraction and positively correlated with pulmonary artery pressure as measured by Doppler echocardiography [45].




3.2. CA 125 and Risk Stratification in Heart Failure


Apart from its role in evaluating congestion, CA 125 also seems to correlate with prognosis and mortality in heart failure patients.



In a retrospective trial including 2961 patients discharged after acute heart failure hospitalisation, with mean age of 74 years, Soler and Minana compared NT-pro BNP and CA 125 as predictors of poor outcome [42]. Both biomarkers were analysed in relation to the severity of tricuspid regurgitation (which is a factor of poor prognosis in heart failure). NT-pro BNP was found to be linearly linked to mortality in non severe tricuspid regurgitation, but not in severe tricuspid regurgitation. High CA 125 levels were associated with increased mortality especially in patients with more severe tricuspid regurgitation. In conclusion CA 125 may outperform NT-pro BNP in predicting mortality in heart failure patients with more involvement of the right ventricle and with more severe tricuspid regurgitation [42,46,47].



In the CHANCE-HF trial, conducted by Nunez et al., CA 125 emerged as a marker of prognosis in heart failure patients, by reducing the risk of acute heart failure readmissions when used to guide therapy after acute heart failure discharge [34].



Hung et al. conducted a trial including 158 female patients with acute heart failure and preserved ejection fraction. During follow-up, those with CA 125 levels > 17.29 U/mL had a greater incidence of heart failure rehospitalisation, and also CA 125 levels correlated with maximum left atrial volume [48].



A study performed by Nunez et al. sought to determine the CA 125 cut-point for identifying patients at low risk of 1 month death and composite death/heart failure readmissions. In patients with acute heart failure a serum level of CA 125 < 23 U/mL was corellated with low risk of adverse events after discharge. This cutoff value remained significant up to 6 months after discharge [34].



In a subanalysis of BIOSTAT—CHF Study [30], there was an evaluation of the association between CA 125 and the risk of one-year clinical outcomes in patients with heart failure. Higher levels of CA 125 were associated with an increased risk of death and composite of death/heart failure readmissions (Figure 2).



As shown by Yoon et al., patients hospitalized for acute heart failure, with high levels of CA 125 and low levels of NT-pro BNP, had worse mid-term prognosis than patients with low levels of both CA 125 and NT-pro BNP and patients with high levels of both CA 125 and NT-pro BNP had the worse prognosis [49].



The most relevant publications presenting CA 125 involvement in heart failure risk stratification are presented in Table 1.




3.3. CA 125 Use in Guiding Heart Failure Therapy


One of the cornerstones of heart failure management is decongestion therapy. The treatment of fluid overload in heart failure is based on diuretics, although no trials have shown a mortality benefit from diuretic therapy in heart failure patients. Also, there is no clear strategy of diuretic therapy titration in these patients. The main interest is to escalate treatment intensity in patients with more volume overload and also to reduce diuretic doses in patients who would not benefit from more intense diuretic therapy, thus reducing adverse reactions.



Because of the link between CA 125 and the levels of fluid overload (congestion) in heart failure, CA 125 has emerged as a potential marker of guiding treatment in acute heart failure.



As shown by Nunez et al. in a trial of 946 patients with acute heart failure, where NT-pro BNP and CA 125 were measured repeatedly at each doctor-patient visit, the levels of CA 125 decreased in the subset of patients with lower risk, and in patients in whom the CA 125 levels remained high, the mortality risk was also high. The association between CA 125 and mortality risk in heart failure patients would argue for a role for CA 125 in tailoring decongestion therapy in these patients [40].



In the CHANCE-HF trial, the authors compared CA-125-guided therapy versus standard of care therapy in terms of composite of one year death/heart failure readmissions, in patients discharged after acute heart failure hospitalization. CA-125-guided therapy resulted in a reduction in the composite endpoint at one year follow-up, mainly by a significant reduction in acute heart failure readmissions, but had no effect on mortality [50].



Nunez et al. proposed an algorithm for the use of CA 125 in heart failure therapy guidance. Using data from the CHANCE-HF trial [50], a cutoff value for CA 125 was proposed at 35 U/mL. A total of 380 patients, discharged after acute heart failure hospitalization, with a high level of CA 125 > 35 U/mL, were assigned to CA-125-guided therapy versus standard of care therapy. In patients enrolled in CA-125-guided therapy the diuretic treatment was intensified when the CA 125 levels remained high or increased. Also, when CA 125 levels decreased below 35 U/mL, the diuretics were down-titrated. Those patients allocated to CA-125-guided therapy had 50% more diuretic dose modification that patients with standard of care treatment. The CA-125-guided therapy was superior to standard of care therapy in terms of reducing the composite of mortality/ acute heart failure readmissions at one year. Patients who had CA 125 levels above 35 U/mL at the first outpatient visit had a threefold increased risk of six months heart failure readmission [50,54,55].



In another study by Nunez et al. [29], 160 patients with mean age of 78 years, acute heart failure and renal dysfunction, were randomized into two groups: one with loop diuretic guided therapy using CA 125 levels and the second group with standard care therapy. After 72 h from admission, patients with CA-125-guided therapy, with CA 125 levels over 35 U/mL, received the highest doses of loop diuretics and had the highest volume depletion, with significant improvement of glomerular filtration rate as opposed to patients with the usual loop diuretic therapy. CA-125-guided diuretic therapy improved glomerular filtration rate at 72 h in patients admitted for acute heart failure and renal dysfunction [29].





4. Discussion


There are sufficient data to suggest that CA 125 has a potential role in the clinical workup of patients with acute heart failure, as a prognostic tool, a biomarker of congestion and a guide for decongestion therapy.



It appears that CA 125 is also involved in the processes of fluid and cell transport, inflammation, tissue repair and tumor dissemination. CA-125-associated N-glycans are involved in modulating immune responses; for example, CA 125 can suppress natural killer activity by the interaction with several proteins.



The exact mechanisms of CA-125-increased secretion in heart failure is not completely known. Nagele et al. firstly reported the findings of several relevant tumor markers, especially CA 125, in heart failure patients before and after heart transplantation [19,21].



As there is no other more appropriate biomarker that correlates with the congestive status of patients with acute heart failure, the role and benefits of CA 125 in acute heart failure patients are supported by some strong reasons. The first one would be that CA 125 has additional prognostic information beyond the classical biomarkers of heart failure (BNP, NT-pro BNP); the addition of CA 125 to NT-pro BNP may be a superior tool of risk estimation than NT-pro BNP alone. Another piece of evidence is the correlation of CA 125 serum levels with echocardiographic parameters of heart failure and with the right heart side involvement. It is proven that CA 125 has a longer half-life that NT-pro BNP, which makes it more stable and more reliable as a prognostic marker and most studies found it is not significantly impacted by factors such as age and renal dysfunction, as opposed to NT-pro BNP.



CA 125 can have some advantages over NT-pro BNP (a biomarker of heart failure used on a larger scale) in circumstances such as heart failure with predominant involvement of right ventricle (especially heart failure with preserved ejection fraction), renal dysfunction and elderly patients [29,40,56]. Other advantages of CA 125 over NT-pro BNP can be of a logistical nature, e.g., CA 125 is widely available as it has already been used as a cancer marker for several decades and the cost of assessment is lower than for natriuretic peptides (Figure 3).



Cancer Antigen 125 (CA 125) should be measured at admission of patients with acute decompensated heart failure. As CA 125 is not a cardiac-specific biomarker, and its upregulation may occur in relation to other diseases, in the absence of a heart failure diagnosis, CA 125 levels should be interpreted accordingly.



Production of CA 125 in patients with heart failure is supposed to happen by increased mechanical stress in mesothelial cells, in response to hemodynamic and inflammation stimuli. Fluid overload and consecutive high venous pressure in heart failure may increase pressure in the mesothelium, which could induce the release of several inflammatory markers (IL-6, IL-10, tumor necrosis factors). This inflammation process along with the increased mechanical stress can stimulate mesothelial cells to secrete CA 125. Congestion in heart failure can involve pulmonary congestion, pleural effusion or ascites, which are interrelated with systemic inflammationin a vicious cycle [32,33].



The capacity of the mesothelium to secrete CA 125 was investigated and demonstrated by Zeillemaker et al., using a mesothelial cell monolayer model in vitro and utilizing inflammatory cytokines such as interleukin 1, tumor necrosis factor alpha and lipopolysaccharides as stimuli [16]. Peak secretion of CA 125 was observed in 6 h, and the most effective stimuli was IL-1.



As an additional mechanism, the translocation of bacteria and endotoxin formation during acute heart failure with bowel congestion leading to gastrointestinal functional impairment may play a role in the secretion of CA 125 [34]. Seo et al. observed a link between pericardial stimuli and elevation of CA 125 in patients with heart failure [35].



There is also a difference between patients with acute and stable heart failure. Up to two-thirds of patients with acute decompensated heart failure have elevated CA 125 levels (above 35 U/mL) but only a few patients with stable heart failure have CA 125 levels above this cutoff value. As such it is important to correlate CA 125 levels with signs and symptoms, echocardiographic parameters and other biomarkers such as natriuretic peptides [1,13,19,20].



A cutoff value of 35 U/mL was proposed for CA 125 levels that can identify low risk of adverse events following acute heart failure admission. High CA 125 levels (above 35 U/mL) can identify high risk patients and may guide a more intensive decongestion therapy with higher doses of loop diuretics.



It appears that during the first months after acute heart failure hospitalization, CA 125 kinetics are correlated with the patients’ clinical outcome. Because CA 125 has a long half-life (several days as opposed to NT-pro BNP which has a half-life of hours), it is reasonable to measure CA 125 levels at admission and at least seven days after the initial measurement, for obtaining information about the response to therapy.



Although there are many studies that show the role of CA 125 in acute heart failure patients, there are fewer data about CA 125 in chronic ambulatory heart failure. One study, performed by Kieran F. Docherty et al. and published in The Journal of the American College of Cardiology in 2023, addressed this issue [53]. They examined the association between baseline CA 125 levels and outcome in patients from the DAPA-HF trial (Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure) and also the relationship with the effect of dapagliflozin. The DAPA-HF was a prospective, randomized trial that examined the efficacy and safety of dapagliflozin 10 mg per day compared with placebo, in patients with heart failure with reduced ejection fraction. The patients included in this trial had stable, non-decompensated heart failure with reduced ejection fraction (LVEF < 40%). CA 125 was measured at baseline and after 12 months after randomization. CA 125 was analyzed according to the upper normal limit of 35 U/mL. Patients with higher concentrations of CA 125 were older, had worse NYHA functional class, higher heart rate and also higher NT-pro BNP and hs troponin T levels. They also exhibited lower left ventricular ejection fraction and more renal impairment. Higher CA 125 levels also correlated with more peripheral congestion. A history of atrial fibrillation was associated with more elevated CA 125 levels. Using the cutoff value of 35 U/mL, patients with elevated CA 125 concentrations had higher risks of primary and secondary morbidity/mortality outcomes. The risk of death caused by worsening heart failure was also higher in patients with CA 125 levels above 35 U/mL. Renal function also declined at a greater rate over time in patients with elevated CA 125. CA 125 levels in the DAPA-HF trial were lower than in patients with acute heart failure, with only 12% of patients having levels above the cutoff value of 35 U/mL [55,56,57,58]. Elevated levels of CA 125 at baseline and also an increase in CA 125 levels from baseline to 12 months were independent predictors of the risk of worsening heart failure and mortality. The effects of dapagliflozin were not influenced by the levels of CA 125 [52,53,57,58,59,60].



Further evidence and more in-depth data analysis coming from prospective studies is needed before we can see CA 125 evaluation included in the guidelines for the management of HF. We noted that most evidence we found in the literature comes from trials including selected populations, or with a relatively small sample size. Registry data are important but they do not provide serial measurements nor a more complete overview of dynamics and comparison with other biomarkers (like NT-pro BNP). Because a biomarker should have a sufficient specificity—which is not the case for CA 125, elevated in several non-HF-related conditions—and because we have limited knowledge on the pathophysiologic mechanisms of CA 125 involvement in HF, broad recommendations of its use in the clinical practice may not come very soon. In estimating cardiac congestion and short-term prognosis, the measurement of CA 125 concentrations should be complemented by the clinical information obtained from physical exam, natriuretic peptide levels and echocardiographic findings. Especially in older patients with impaired renal function and predominant involvement of the right side of the heart, an elevated CA 125 may guide the clinician to use intensive decongestion strategies (i.e., a more aggressive diuretic approach), so the clinical value of monitoring CA 125 may be more important for particular patients’ subgroups—but more research is needed.




5. Conclusions


CA 125 is a promising biomarker of congestion in the setting of acute heart failure and there is evidence to support its role in risk stratification, monitoring and guiding therapy in acute heart failure. More studies are necessary for the implementation of CA 125 in the clinical practice of heart failure management, to establish reference ranges for heart failure and appropriate algorithms for diagnosis and treatment monitoring.



While it is commonly available, for a better clinical effectiveness in screening and early detection CA 125 serum levels should be used by physicians in combination with both clinical manifestations as well as with other biomarkers or ultrasound and other multimodal methods.
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Figure 1. Flowchart of article selection after identification within databases. 
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Figure 2. Correlation between CA 125 levels and mortality/heart failure readmissions (1-year multivariable analysis): (A)—All-cause mortality; (B)—Mortality/heart failure (HF) readmission (data from the BIOSTAT-CHF trial, 2020) [30]. 
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Figure 3. Main differences between CA 125 and NT-pro BNP use in heart failure. 
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Table 1. Relevant publications on CA 125 involvemen