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Background: The interplay between cancer and IE has become of increasing interest. This study sought to assess the prevalence, baseline characteristics, management, and outcomes of IE cancer patients in the ESC EORP EURO-ENDO registry.

Methods: Three thousand and eighty-five patients with IE were identified based on the ESC 2015 criteria. Three hundred and fifty-nine (11.6%) IE cancer patients were compared to 2,726 (88.4%) cancer-free IE patients.

Results: In cancer patients, IE was mostly community-acquired (74.8%). The most frequently identified microorganisms were S. aureus (25.4%) and Enterococci (23.8%). The most frequent complications were acute renal failure (25.9%), embolic events (21.7%) and congestive heart failure (18.1%). Theoretical indication for cardiac surgery was not significantly different between groups (65.5 vs. 69.8%, P = 0.091), but was effectively less performed when indicated in IE patients with cancer (65.5 vs. 75.0%, P = 0.002). Compared to cancer-free IE patients, in-hospital and 1-year mortality occurred in 23.4 vs. 16.1%, P = 0.006, and 18.0 vs. 10.2%; P < 0.001, respectively. In IE cancer patients, predictors of mortality by multivariate analysis were creatinine > 2 mg/dL, congestive heart failure and unperformed cardiac surgery (when indicated).

Conclusions: Cancer in IE patients is common and associated with a worse outcome. This large, observational cohort provides new insights concerning the contemporary profile, management, and clinical outcomes of IE cancer patients across a wide range of countries.
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INTRODUCTION

Infective endocarditis (IE) is a severe disease, associated with important morbidity and mortality (1–4). Some IE patients have active, previously diagnosed cancer. In other patients, IE might be a marker of a new, unsuspected neoplasia (5, 6). The interplay between cancer and IE has become of increasing interest (5, 7). Cancer patients may be at higher risk for IE, because of reduced immunity (e.g., due to antineoplastic therapy), central venous lines or portal catheters (8). Moreover, the clinical presentation of IE patients with cancer could be less specific. Additionally, therapeutic options might be limited, due to frailty and a potentially higher mortality risk in case of surgery.

The ESC EORP European Endocarditis (EURO-ENDO) registry is a multicentre, prospective, observational cohort study of IE patients at hospitals in Europe and ESC-affiliated/non-affiliated countries. The aim of EURO-ENDO is to investigate the care and outcomes of IE (9). This sub-analysis sought to assess the prevalence of cancer in IE patients and to determine baseline characteristics, management, and outcomes compared to IE patients that are free of cancer.



MATERIALS AND METHODS


Study Design and Data Collection

The detailed methodology of the ESC EORP EURO-ENDO registry has been previously reported (9). Briefly, from 1 January 2016 to 31 March 2018, patients older than 18 years who presented with IE were included. Inclusion criteria were a diagnosis of definite IE (or possible IE, but considered and treated as IE) based on the ESC 2015 IE criteria (10). IE patients with previously diagnosed cancer were identified. Cancer was defined as a previous or active, solid tumor, or hematologic malignancy. Data were collected at inclusion and during hospitalization, including demographics, patient history, Charlson index, age, and comorbidities (11). Moreover, data were collected concerning clinical, biological, microbiological, and echocardiographic findings, use of other imaging techniques [computed tomography (CT) scan, 18F-FDG PET/CT, leucocyte scintigraphy], medical therapy, complications, theoretical indications for surgery and in-hospital mortality (9). This study complies with the Declaration of Helsinki. National coordinators, in conjunction with local centers managed the approvals of national or regional ethics committees or Institutional Review Boards, according to local regulations. Informed consent has been obtained from all subjects (or their legally authorized representative).



Data Management and Statistical Analysis

Data were collected by the collecting officers at the participating sites and entered in an online electronic case report form (CRF). Data quality was monitored by the ESC EORP Registry Project and Data management teams. Data quality control followed a data validation plan defined by the Registry Executive Committee team in collaboration with the EORP team. The first author had full access to all the study data and takes responsibility for its integrity and the data analysis. Continuous variables are expressed as mean ± standard deviation or as median and interquartile range. Comparisons among groups have been performed using Kruskall Wallis test for non-parametric data. Categorical variables are expressed as frequency and percentages. Among-group 2 × 2 comparisons were made using Pearson's Chi-squared χ2-test or Fisher's exact test if any expected cell count was < 5. In other cases, the Monte-Carlo estimate of the exact P-value was used. Univariable analysis was applied to both continuous and categorical variables. Pairwise correlations between all candidate variables (variables with P < 0.10 in univariable) within the model were tested before proceeding to the multivariable model. In case of correlation, some criteria were not taken into account. Plots of the Kaplan–Meier curves have been used to assess survival and event-free survival. A backward multivariable Cox regression analysis has been performed to evaluate possible predictors of outcomes in cancer patients. A significance level of 0.05 was required to allow a variable to stay within the model. Some measures of model of fit have been considered: concordance and the Goodness of fit test proposed by May and Hosmer. In addition, the proportional hazard ratios assumptions were graphically verified with the Schoenfeld residuals test. All analyses were performed using SAS statistical software version 9.4 (SAS Institute, Inc., Cary, NC, USA).




RESULTS

Three thousand and eighty-five IE patients were included (12). Three hundred and fifty-nine (11.6%) IE patients with cancer were identified and compared to 2,726 (88.4%) IE patients without cancer. IE was definite in 304/359 (84.7%) and possible in 55/359 (15.3%) cancer patients. The age of and most frequent types of cancer can be found in Supplementary Table 1.


Patient Demographics and Characteristics

The main demographic and characteristics of IE cancer patients are displayed in Table 1. IE was community-acquired in 74.8% and healthcare associated in 25.2% (nosocomial in 18.6%, non-nosocomial in 6.6%), native in 209 (60.4%), prosthetic in 97 (28.0%), device-related in 30 (8.7%), and repaired valve IE in 23 (2.9%) cancer patients. There were no significant differences with the cancer-free group. Valvular IE location was aortic in 52.7%, mitral in 47.0%, tricuspid in 5.7%, pulmonary in 0.9% of IE cancer patients. IE affected two or more valvular locations in 17.9%.


Table 1. Demographics and clinical characteristics of infective endocarditis patients.
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Clinical and Biological Features

Clinical features are displayed in Supplementary Table 2. For IE cancer patients, significantly less time passed between first symptoms and first hospitalization (23.7 ± 46.4 vs. 30.1 ± 70.6 days; P = 0.009), as well as between first hospitalization and suspected IE (9.1 ± 20.1 vs. 9.2 ± 42.5 days; P < 0.001) compared to IE patients without cancer. Platelets were significantly lower in the IE cancer group (194.5 vs. 214 K/mm3, P < 0.001), but otherwise there was no significant difference in biochemistry between groups (data not shown). Blood cultures were positive in 303/359 (84.4%) IE cancer patients (vs. 78.4%, P = 0.009). The most frequently identified microorganisms were S. aureus in 77/303 (25.4 vs. 31.8%, P = 0.024), Enterococci in 72/303 (23.8 vs. 14.8%, P < 0.001), and Streptococcus gallolyticus in 33/303 (10.9 vs. 5.9%, P = 0.001) IE cancer patients.



Imaging

Transthoracic echocardiography (TTE) was performed in 93.9% and transoesophageal echocardiography (TOE) in 82.2% IE cancer patients. There were significantly more mitral valve vegetations (39.9 vs. 34.8%, P = 0.020), but less tricuspid valve vegetations (5.3 vs. 10.5%, P = 0.008) in IE cancer patients. No significant difference in vegetation length was found between IE cancer and cancer-free groups (data not shown).

18F-FDG positron emission tomography/computed tomography was performed in 74 (20.6%) and positive in 55 IE cancer patients. There was 69.1% extra-cardiac uptake, vs. 54.3% in cancer-free IE patients (P = 0.042). On multislice CT, there was significantly more perivalvular abscess formation in IE cancer compared to cancer-free IE patients (78.6 vs. 50.5%, P = 0.049).



In-hospital and One-Year Follow-Up Under Treatment

The main in-hospital complications are shown in Supplementary Table 3.

Acute renal failure was the most frequent in hospital complication in IE cancer patients, followed by embolic events and congestive heart failure (CHF).

After 1 year, there was no significant difference in IE recurrence rate (P = 0.243) or other complications between groups.

Cancer IE patients were significantly more treated with amoxicillin (35.8 vs. 26.3%; P < 0.001), ceftriaxone (36.3 vs. 31.1%; P = 0.047) and daptomycin (15.2 vs. 10.6%; P = 0.010), but less frequently treated with vancomycin (34.6 vs. 44.9%, P < 0.001) compared to cancer-free IE patients.

Following ESC guidelines, theoretical indication for cardiac surgery was not significantly different between both groups (65.5 vs. 69.8%, P = 0.091), but was effectively less performed when indicated in IE cancer patients during hospitalization (65.5 vs. 75.0%, P = 0.002). The most frequent surgical indication in both groups was infectious (57.4 vs. 64.9%, P = 0.018). Reasons for not performing surgery in IE cancer patients were most frequently the surgical risk (80.2 vs. 54.0%, P < 0.001), death before surgery (17.3 vs. 22.9%, P = 0.260) and patient refusal (16.0 vs. 19.3%, P = 0.486), among others.

Death occurred in hospital in 84 (23.4 vs. 16.1%, P < 0.001) and at 1-year follow-up in 43 additional IE cancer patients (18.0 vs. 10.2%; P < 0.001). Causes of all-cause in-hospital and 1-year mortality are reported in Tables 2, 3, respectively. Predictors of in hospital and 1-year mortality by univariate Cox regression analysis can be found in Supplementary Tables 4, 5, respectively. Predictors of in hospital and 1-year mortality by multivariable analysis in IE cancer patients are shown in Table 4 and Supplementary Table 6, respectively.


Table 2. In-hospital mortality in infective endocarditis patients.
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Table 3. One-year mortality in infective endocarditis patients.
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Table 4. Multivariate Cox regression analysis for in hospital all-cause mortality (1-month period) in IE cancer patients.
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Kaplan-Meier survival curves for in hospital and 1-year all-cause mortality according to cancer and adjusted for surgery are shown in Figures 1, 2.


[image: Figure 1]
FIGURE 1. Kaplan-Meier curves for in hospital mortality (1-month) according to cancer and surgery. Mortality was particularly elevated in the IE cancer group when surgery was indicated but not performed.
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FIGURE 2. Kaplan-Meier curves for 1-year mortality according to cancer and surgery. Mortality was particularly elevated in the IE cancer group when surgery was indicated but not performed.





DISCUSSION

The following key findings arise from the EURO-ENDO analysis regarding cancer in IE patients: 1. Cancer is common in IE patients with a prevalence of 11.6%. 2. IE cancer patients are significantly older, receive more long-term immune-suppressive treatment and have more IV catheters. 3. The most frequently identified microorganisms are S. aureus and Enterococci. The source of infection is mainly community-acquired and preceded by non-dental procedures. 4. In hospital and long-term mortality is significantly increased and often related to the neoplasia. 5. Theoretical indication for cardiac surgery is not significantly different, but surgery is significantly less performed when indicated in IE cancer patients compared to IE patients without cancer.


Demographics, Clinical and Microbiological Characteristics of IE Cancer Patients

Cancer is common in IE patients, with a prevalence of 11.6%. Preceding studies have shown a similar prevalence ranging from 5.6 to 17.6% (6, 8). Prostate- and intestinal neoplasms were found most frequently, which is consistent with previous reports (6, 7). The older age of IE cancer patients has been consistently reported in other series (6, 8, 12). IE cancer patients were more often males, as in the cancer-free group. One study found a slightly significant male predominance in IE cancer patients (6), while another was in agreement with this cohort (8). No gender-based differences were found.

IE cancer patients more often had a history of arterial hypertension, ischemic disease, aortic valve stenosis, atrial fibrillation and previous stroke, probably due to older age. There exists an overlap between cancer and cardiovascular disease, with shared biological mechanisms, risk factors and genetic predisposition (13). Cancer patients had a less typical clinical presentation with significantly less fever and new heart murmur compared to cancer-free IE patients. Nevertheless, cancer patients were hospitalized and diagnosed significantly faster, probably due to close follow-up care. There was no significant difference in embolic events at admission between groups, despite significant more antithrombotics use in IE cancer patients. This was probably compensated by the older age and prothrombogenic status in the cancer group.

IE could be a consequence of cancer management, as immunosuppressive therapy, intravenous access and portal catheters were significantly more present in the IE cancer subpopulation, as previously described (6). Nevertheless, the source of infection was mainly community-acquired in this cohort, and comparable to the cancer-free population (74.8 vs. 74.2%, P = 0.06). In contrast, previous studies had reported increased nosocomial IE in cancer patients, but the reason for this discrepancy is unclear (6–8, 14). The most frequent preceding non-cardiac interventions performed in IE cancer patients within the last 6 months were non-dental: urogenital and intestinal (including colonoscopy), as previously reported (6, 8). The significantly higher burden of enterococcal IE might be related to the portal of entry, but also to increased age, as seen in the general population (8, 15). As reported in previous studies, S. aureus remained the most frequent causative organism (6, 8). These results, combined with low oral Streptococci (8.9 vs. 12.9%, P = 0.05) in blood cultures [compared to the general population in the EuroHeart Survey (15%) (16), the 2008 French registry (20.6%) (10), and the International Collaboration on Endocarditis-Prospective Cohort Study (17%) (3)], reinforce the recommendations of the 2015 ESC guidelines regarding the restriction of the use of antibiotic prophylaxis to high risk populations undergoing at-risk dental procedures (10). Conversely, there might be opportunities for IE prevention in invasive urogenital and gastrointestinal procedures in cancer patients (8).

About 16% of cancer patients had culture-negative endocarditis, which is lower than previously reported, but not significantly different compared to the non-cancer group (8, 17). In these cases, non-bacterial thrombotic endocarditis could not be ruled out.



Imaging

The transformation in the use of imaging techniques observed in the EURO-ENDO population since the publication of the 2015 ESC guidelines was similarly applicable for IE cancer patients (12). 18F-FDG PET/CT showed more extracardiac liver uptake in IE cancer patients compared to non-cancer patients. Unfortunately, it's difficult to differentiate between metastatic lesions, inflammatory foci and embolic lesions related to IE.



Management and Outcome of IE in Cancer Patients
 
Surgery

Surgery was performed in ~50% of patients, similar to previous surveys (3, 16). Bioprosthetic valves were used in most IE cancer patients (aortic bioprosthesis: 76.3 vs. mechanical 14.0%; mitral bioprosthesis: 41.5 vs. mechanical 18.5%): more than in non-cancer patients (aortic bioprosthesis: 56.2%, P < 0.001; mitral bioprosthesis: 37.2%, P = 0.003) and much higher than observed in the Euro heart survey, in which mechanical prosthesis were more prominent (74%). This change might be related to older age, the possible need for further surgical procedures and to an increased risk of bleeding in some neoplasms (18). Mitral valve repair techniques were also more frequently used in cancer compared to non-cancer IE patients (40 vs. 23.4%; P = 0.003). This might be explained by a selection bias in the IE cancer group that was accepted for surgery, with a lower operative risk and less valvular destruction (19). Indication for surgery during hospitalization was comparable in cancer vs. non-cancer IE patients. However, when indicated, cardiac surgery was effectively less often performed in cancer compared to cancer-free IE patients. Patients of both groups were mainly denied because of high surgical risk or a significant delay leading to death before surgery.



Complications

Acute renal failure was the most frequent complication, followed by embolic events and CHF in IE cancer patients. The older IE cancer group had significantly more underlying chronic renal failure.

There was a significant lower incidence of pulmonary embolism in cancer IE patients. This might be explained by reduced IV drug abuse and less tricuspid valve vegetations in the IE cancer group, as well as a higher proportion of antithrombotic treatment. Nevertheless, this was not reflected by a significant reduction in other embolic events between groups at admission or during hospitalization.

CHF and cardiogenic shock occurred significantly more frequently in IE cancer patients, possibly due to the presence of more cardiovascular disease and frailty in this older population.



In-hospital and 1-Year Mortality

In-hospital and long-term all-cause mortality was significantly increased in IE cancer patients compared to the non-cancer population. However, there was no significant difference in cardiovascular death between groups. A main driver of all-cause mortality in cancer patients was the neoplasia, especially at 1-year follow-up. This might be explained by the necessity to interrupt the cancer treatment due to IE, as noted in previous studies (6, 8). Mortality was particularly elevated in the IE cancer group when surgery was indicated but not performed, emphasizing the need for early discussion with surgeons within the IE team, as recommended by the ESC guidelines (19).



Study Limitations

This sub-analysis has the same inherent limitations as the EURO-ENDO registry, particularly selection bias as the majority of patients (88.2%) were enrolled in high-level centers in western Europe. Moreover, the study is unlikely to be a true population-based sample, as it was based on voluntary participation and thus it is unsure whether all centers included their patients consecutively and prospectively (12). As a consequence, the true prevalence of cancer in IE patients remains uncertain. As this study was selected from IE patients and not cancer patients, we are also unable to provide incidence data on IE in cancer patients. Moreover, all cancer types might not be appropriately represented, details are missing about cancer characteristics (history, stage, active, or previous treatment) and further investigations are warranted in the occurrence of IE in solid vs. non-solid (e.g., hematological) malignancies, as well as the proportion of metastatic cancer which could influence mortality (8). Moreover, the influence of cancer treatment cessation on mortality should also be taken into consideration. The reason for denial of surgery should be more thoroughly investigated in future studies of IE cancer patients. Clinical reasons could range from a high age, frailty, comorbidities, expected poor prognosis from the underlying malignancy to significant immunosuppression which might render surgery either futile or risky. Moreover, the valvular heart disease guidelines are not specifically written for patients with co-existent malignancies.

As cancer plays a major ponderation in the Charlson score, a sub analysis using an adjusted Charlson score excluding cancer is merited. Additionally, data regarding the occurrence of newly discovered cancer in IE patients, e.g., colon cancer diagnosed by colonoscopy, is absent in this registry. It has been suggested that IE could be an early marker or consequence of occult cancer, particularly that of gastrointestinal or urinary origin (6, 7, 20). Finally, it would be of interest to relate preceding invasive procedures for different types of solid cancers to the bacterial etiologies of IE. These limitations were counterbalanced by the high number of enrolled patients, the quality of CRF completion, and representation of a wide range of both university and non-academic hospitals in many countries around the world.





CONCLUSION

This is a large, observational cohort of IE patients with cancer. It provides new insights concerning the contemporary profile, management and clinical outcomes of IE cancer patients. Given the paucity of randomized and large-scale observational data in IE patients with cancer, this registry offers a unique perspective on the current care of IE cancer patients across a wide range of countries.
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