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Background: The interplay between cancer and |E 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 |E 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 |E 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).
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Cosyns et al. Cancer and Infective Endocarditis
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.
Keywords: cancer, cardiac surgery, infective endocarditis, registry, valve disease

INTRODUCTION the approvals of national or regional ethics committees or

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

Abbreviations: CHF, Congestive heart failure; COPD, Chronic obstructive
pulmonary disease; CT, Computed tomography; IE, Infective endocarditis;
MI, Myocardial infarction; MRI, Magnetic resonance imaging; TIA, Transient
ischemic attack; TOE, Transoesophageal echocardiography; TTE, Transthoracic
echocardiography.

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 X 2 comparisons were made using Pearson’s
Chi-squared x2-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.
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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%.

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/mm?, 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
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 vyear, 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),

complications are shown in

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 1l-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.

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.

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
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TABLE 1 | Demographics and clinical characteristics of infective endocarditis patients.

Total IE + cancer |IE - cancer P-value

Demography
N 3,085 359 2,726
Age (years)

Mean + SD 59.21 + 18.06 70.33 £ 11.47 57.74 + 18.26 <0.001
Median (IQR) 63.0 (46.0-73.0) 72.0 (64.0-79.0) 61.0 (43.0-72.0) <0.001

< 65 years old 1,655/3,085 (53.6%) 90/359 (25.1%) 1,5665/2,726 (57.4%) <0.001
65-80 years old 1,060/3,085 (34.4%) 191/359 (563.2%) 869/2,726 (31.9%)

>80 years old 370/3,085 (12.0%) 78/359 (21.7%) 292/2,726 (10.7%)

Females (%) 961/3,085 (31.2%) 110/359 (30.6%) 851/2,726 (31.2%) 0.824
History of cardiovascular diseases

Heart failure 652/2,809 (23.2%) 75/307 (24.4%) 577/2,502 (23.1%) 0.592
Congenital heart disease 362/3,083 (11.7%) 11/359 (3.1%) 351/2,724 (12.9%) <0.001
Ischemic heart disease 613/2,866 (21.4%) 89/318 (28.0%) 524/2,548 (20.6%) 0.002
Atrial fibrillation 756/2,887 (26.2%) 113/3283 (35.0%) 643/2,564 (25.1%) <0.001
Hypertrophic cardiomyopathy 63/2,809 (2.2%) 4/307 (1.3%) 59/2,502 (2.4%) 0.239
Known valve murmur 955/2,809 (34.0%) 97/307 (31.6%) 858/2,502 (34.3%) 0.347
Previous endocarditis (%) 271/3,085 (8.8%) 33/359 (9.2%) 238/2,726 (8.7%) 0.772
Device therapy 532/3,085 (17.2%) 80/359 (22.3%) 452/2,726 (16.6%) 0.007
History of valve disease
Aortic valve stenosis 375/2,608 (14.4%) 52/277 (18.8%) 323/2,331 (13.9%) 0.028
Aortic valve surgery 793/3,085 (25.7%) 101/359 (28.1%) 692/2,726 (25.4%) 0.263
Mitral valve surgery 376/3,085 (12.2%) 40/359 (11.1%) 336/2,726 (12.3%) 0.519
Risk factors
Previous stroke/TIA 337/2,832 (11.9%) 51/312 (16.3%) 286/2,520 (11.3%) 0.010
Previous pulmonary embolism 64/2,802 (2.3%) 14/307 (4.6%) 50/2,495 (2.0%) 0.005
Arterial hypertension 1,483/3,081 (48.1%) 217/358 (60.6%) 1,266/2,723 (46.5%) <0.001
Previous hemorrhagic events 128/2,802 (4.6%) 23/305 (7.5%) 105/2,497 (4.2%) 0.008
COPD/asthma 315/3,081 (10.2%) 48/358 (13.4%) 267/2,723 (9.8%) 0.034
Chronic renal failure 544/3,083 (17.6%) 79/359 (22.0%) 465/2,724 (17.1%) 0.021
Dialysis 160/544 (29.4%) 15/79 (19.0%) 145/465 (31.2%) 0.028
HIV 31/3,011 (1.0%) 2/349 (0.6%) 29/2,662 (1.1%) 0.572
Hypo/hyperthyroidism 224/2,792 (8.0%) 33/306 (10.8%) 191/2,486 (7.7%) 0.060
Chronic autoimmune disease 106/3,075 (3.4%) 15/357 (4.2%) 91/2,718 (3.3%) 0.406
Current pregnancy 8/3,062 (0.3%) 1/358 (0.3%) 7/2,704 (0.3%) >0.999
Smoking 750/2,911 (25.8%) 73/330 (22.1%) 677/2,581 (26.2%) 0.108
Intravenous drug dependency 212/3,038 (7.0%) 3/354 (0.8%) 209/2,684 (7.8%) <0.001
Alcohol abuse 223/2,974 (7.5%) 23/349 (6.6%) 200/2,625 (7.6%) 0.493
Immunosuppressive treatment 104/2,809 (3.7 %) 36/307 (11.7%) 68/2,502 (2.7%) <0.001
Long corticotherapy 126/2,809 (4.5%) 28/307 (9.1%) 98/2,502 (3.9%) <0.001
Intravenous catheter 248/3,074 (8.1%) 53/358 (14.8%) 195/2,716 (7.2%) <0.001
Charlson index mean + SD 3.48 £2.92 6.16 £ 3.35 3.13 £2.67 <0.001
Antithrombotic treatment on admission 1,686/2,977 (56.6%) 217/340 (63.8%) 1,469/2,637 (55.7%) 0.005
Other non-cardiac intervention
Colonoscopy 90/2,710 (3.3%) 24/295 (8.1%) 66/2,415 (2.7%) <0.001
Gastrointestinal intervention 102/3,025 (3.4%) 26/351 (7.4%) 76/2,674 (2.8%) <0.001
Urogenital intervention 87/3,026 (2.9%) 28/352 (8.0%) 59/2,674 (2.2%) <0.001
Dental procedure 224/2,849 (7.9%) 16/329 (4.9%) 208/2,520 (8.3%) 0.032

COPD, Chronic obstructive pulmonary disease; HIV, Human Immunodeficiency Virus; IE, Infective endocarditis; TIA, Transient ischemic attack.
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TABLE 2 | In-hospital mortality in infective endocarditis patients.

Total IE + cancer IE - cancer P-value
(n = 3,085) (n =359) (n =2,726)

Death 524/3,085 (17.0%) 84/359 (23.4%) 440/2,726 (16.1%) <0.001
Cause of death
Cardiovascular 149/5283 (28.5%) 15/84 (17.9%) 134/439 (30.5%) 0.067
Non-cardiovascular 155/5283 (29.6%) 25/84 (29.8%) 130/439 (29.6%)
Cardiovascular + Non-cardiovascular 190/523 (36.3%) 39/84 (46.4%) 151/439 (34.4%)
Unknown 29/523 (5.5%) 5/84 (6.0%) 24/439 (5.5%)
If cardiovascular:
Heart failure 239/339 (70.5%) 40/54 (74.1%) 199/285 (69.8%) 0.530
Arrhythmia 41/339 (12.1%) 3/54 (5.6%) 38/285 (13.3%) 0.108
Cardiac perforation/tamponade 11/339 (3.2%) 4/54 (7.4%) 7/285 (2.5%) 0.080
Acute Ml 7/339 (2.1%) 2/54 (3.7%) 5/285 (1.8%) 0.309
Cerebral embolism 41/339 (12.1%) 4/54 (7.4%) 37/285 (13.0%) 0.249
Pulmonary embolism 13/339 (3.8%) 0/54 (0.0%) 13/285 (4.6%) 0.236
Peripheral embolism 3/339 (0.9%) 0/54 (0.0%) 3/285 (1.1%) >0.999
If non-cardiovascular:
Neoplasia 12/345 (3.5%) 11/64 (17.2%) 1/281 (0.4%) <0.001
Sepsis 265/345 (76.8%) 38/64 (59.4%) 227/281 (80.8%) <0.001
M, Myocardial infarction.
TABLE 3 | One-year mortality in infective endocarditis patients.

Total IE + cancer IE - cancer P-value

(n = 3,085) (n =359) (n =2,726)

Death 233/2,108 (11.1%) 43/239 (18.0%) 190/1,869 (10.2%) <0.001
Cause of death
Cardiovascular 57/233 (24.5% 6/43 (14.0%) 51/190 (26.8% 0.240

Non-cardiovascular
Cardiovascular + Non-cardiovascular
Unknown

If cardiovascular:

Heart failure

Arrhythmia

Cardiac perforation/tamponade
Acute Ml

Cerebral embolism

Pulmonary embolism
Peripheral embolism

Other cardiovascular

If non-cardiovascular:
Neoplasia

Sepsis

Other

( )
65/233 (27.9%)
49/233 (21.0%)
62/233 (26.6%)

74/106 (69.8%)
9/106 (8.5%)
1/106 (0.9%)
7/106 (6.6%)
7/106 (6.6%)
5/106 (4.7%)

1/106 (0.9%)

27/106 (25.5%)

22/114 (19.3%)
60/114 (52.6%)
41/114 (36.0%)

16/43 (37.2%)
9/43 (20.9%)
12/43 (27.9%)

9/15 (60.0%)
3/15 (20.0%)

( )
49/190 (25.8%)
40/190 (21.1%)
50/190 (26.3%)

65/91 (71.4%)
6/91 (6.6%)

(
(t
0/15 (0.0%) 1/91 (1.1%)
1/15 (6.7%) 6/91 (6.6%)
2/15 (13.3%) 5/91 (5.5%)
1/15 (6.7%) 4/91 (4.4%)
0/15 (0.0%) 1/91 (1.1%)
1/15 (6.7%) 26/91 (28.6%)
15/25 (60.0%) 7/89 (7.9%)
7/25 (28.0%) 53/89 (59.6%)
6/25 (24.0%) 35/89 (39.3%)

M, Myocardial infarction.

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
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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

TABLE 4 | Multivariate Cox regression analysis for in hospital all-cause mortality
(1-month period) in IE cancer patients.

Hazard ratio 95% CI P-value*
Creatinine > 2 mg/dl 2.34 [1.29-4.25] 0.005
Chronic Heart Failure 2.16 [1.18-3.95] 0.013
Surgery: Indication — not performed 2.41 [1.20-4.81] 0.013
Surgery: Indication — performed 0.56 [0.25-1.24] 0.151

Goodness of Fit test: P = 0.50. Concordance = 0.74 — Global Schoenfeld residual test
P=0.21.

*P-value corresponds to the results of the Wald test. For indication — surgery performed,
the reference is: no indication.

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%)

100
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70+

Cumulative survival (%)

surgery was indicated but not performed.

Group Total Event
IE + cancer: indication of surgery - surgery not performed 81 24
60 IE + cancer: indication of surgery - surgery performed 154 13
IE + cancer: no indication of surgery 124 13
IE - cancer: indication of surgery - surgery not performed 476 139
IE - cancer: indication of surgery - surgery performed 1427 87
IE - cancer: no indication of surgery 822 61
50 Logrank P-value: <.0001 + Censor
T T T T T T T
0 5 10 15 20 25 30
Time (Days)
Patients-at-Risk
81 78 68 56 47 41 35
154 151 145 137 130 118 109
124 120 107 94 79 62 53
476 446 394 350 300 265 220
1427 1383 1342 1264 1162 1052 916
822 787 735 658 595 528 449

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
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154 123 112 104 102 101 99 88 54
124 96 88 83 82 78 74 64 41
476 268 223 206 196 189 184 161 92
1427 1153 1025 988 972 949 896 801 506
822 623 566 540 526 517 491 448 260
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.

(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, its 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

Frontiers in Cardiovascular Medicine | www.frontiersin.org

November 2021 | Volume 8 | Article 766996


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Cosyns et al.

Cancer and Infective Endocarditis

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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