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use of AP, to varying degrees.5–7 In the elderly, degenerative 
valve disease, diabetes, and cancer have become the major 
risk factors for IE.1 A recent study reported that patients 
with colorectal, lung, or prostate cancer had a substantially 
higher incidence of IE than did non-cancer patients.8 
Furthermore, a recent study showed an association 
between invasive procedures and the development of IE.9 
Cancer patients may constitute a special risk group for the 
development of IE because they are often subjected to 
invasive procedures.10 However, little is known regarding 
the incidence, provoking factors, and outcomes of IE in 
patients with cancer. Moreover, it is unclear whether the 
same principles for AP can be applied in cancer patients. 
The aims of this study were to determine the clinical char-
acteristics and outcomes of IE patients with cancer and to 
compare them with IE patients without cancer.

Methods
The study protocol was approved by the Institutional 

I nfective endocarditis (IE) is an uncommon but life-
threatening disease.1 Despite advances in diagnosis, 
antimicrobial therapy, surgical techniques, and 

management of complications, the 1-year mortality rate of 
patients with IE is almost 30%.1,2 Recent studies have 
shown remarkable changes in the epidemiological and 
clinical features of IE. In the past, IE mainly occurred in 
the younger population (30–40 years old), and the most 
common pathogen was the viridans group Streptococcus, 
which is part of the normal oral flora.3 However, the 
incidence of IE has recently increased in patients aged more 
than 50 years, and the most common bacterial organism 
is now Staphylococcus aureus.3,4 Transient bacteremia is 
known to be a precursor to the development of IE.5 There-
fore, oral antibiotic prophylaxis (AP) has been recommended 
for patients at risk of developing IE who are undergoing a 
dental procedure. However, recent European Society of 
Cardiology, American Heart Association/American College 
of Cardiology, and National Institute for Health and Care 
Excellence guidelines have recommended restricting the 
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Background:  Infective endocarditis (IE) in cancer patients is increasing, but because little is known about it in these patients, we 
analyzed patient characteristics and outcomes and compared these factors in IE patients with and without cancer.

Methods and Results:  This retrospective cohort study included 170 patients with IE newly diagnosed between January 2011 and 
December 2015. Among 170 patients, 30 (17.6%) had active cancer. The median age of IE patients with cancer was higher than 
that of non-cancer patients. Nosocomial IE was more common in cancer patients. Non-dental procedures, such as intravenous 
catheter insertion and invasive endoscopic or genitourinary procedures, were more frequently performed before IE developed in 
cancer patients. Staphylococcus was the most common pathogen in cancer patients, whereas Streptococcus was the most common 
in non-cancer patients. In-hospital mortality was significantly higher in cancer patients with IE (34.4% vs. 12.4%, P<0.001). IE was 
an important reason for discontinuing antitumor therapy and withholding additional aggressive treatment in nearly all deceased 
cancer patients.

Conclusions:  IE is common in cancer patients and is associated with poorer outcomes. Patients with IE and cancer have different 
clinical characteristics. Additional studies regarding antibiotic prophylaxis before non-dental invasive procedures in cancer patients 
are needed, as cancer patients are not considered to be at higher risk of IE.
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Nosocomial IE was defined as IE in a patient who had 
been hospitalized for >48 h before the onset of signs or 
symptoms consistent with IE. Healthcare-associated IE 
was defined as IE diagnosed within 48 h of admission or in 
an outpatient with any of the following criteria:14 intrave-
nous therapy, wound care, or specialized nursing care at 
home within the 30 days before the onset of IE; attendance 
at a hospital or hemodialysis clinic or receipt of intrave-
nous chemotherapy within the 30 days before the onset of 
IE; hospitalization in an acute-care hospital for ≥2 days 
during the 90 days before the onset of IE; or residence in a 
nursing home or long-term care facility. The surgical 
indication for IE was defined as follows: uncontrolled 
heart failure or cardiogenic shock, uncontrolled infection, 
vegetation >10 mm with previous embolization or iso-
lated vegetation >15 mm, or presence of neurologic 
complications.5,6

All patients in the cancer group were histologically 
diagnosed with cancer of any type prior to IE. Cancer was 
defined as solid tumor with or without distant localization 

Review Board of Severance Cardiovascular Hospital, Seoul, 
Korea, and complied with the Declaration of Helsinki. 
Individual consent forms were deemed as not required 
because of the retrospective study design. Consecutive 
patients with IE diagnosed in a single center between 
January 1, 2011, and December 31, 2015, were included in 
the study. A comparative analysis was performed between 
IE patients with and without cancer. The index date was 
the date of IE diagnosis at admission. We extracted samples 
of patients with similar cancer stage, and treatment policy 
from the non-IE cancer population during the same period. 
All medical records of all patients included in the study 
were retrospectively reviewed.

All study patients met the modified Duke criteria for 
definite or possible IE.11,12 The site of IE acquisition was 
defined following the International Collaboration on 
Endocarditis recommendations.13 In brief, community-
acquired IE was defined as IE diagnosed within the first 
48 h of admission in a patient who did not fulfill the 
criteria for nosocomial or healthcare-associated infection. 

Table 1.  Clinical Characteristics of Study Patients With Infective Endocarditis

Total  
(n=170)

No cancer  
(n=140)

Cancer  
(n=30) P value

Age, median [IQR] 57.0 [44.0, 67.0] 55.0 [39.5, 66.0] 62.5 [51.0, 69.0] 0.01

Sex (male) 118 (69.4%)　　 99 (70.7%) 19 (63.3%) 0.5　　
Underlying conditions

    Structural heart disease 73 (42.9%) 62 (44.3%) 11 (36.7%) 0.57

        Bicuspid aortic valve 16 (9.4%)　　 15 (10.7%) 1 (3.3%) 0.36

        Other congenital heart disease 22 (12.9%) 17 (12.1%)   5 (16.7%) 0.71

        Degenerative valve disease* 35 (20.6%) 30 (21.4%)   5 (16.7%) 0.74

    Previous cardiac surgery 5 (2.9%) 4 (2.9%) 1 (3.3%) >0.999

    Previous IE 5 (2.9%) 5 (3.6%) 0 (0%)　　　 0.65

    Diabetes mellitus 24 (14.1%) 19 (13.6%)   5 (16.7%) 0.88

    End-stage renal disease 6 (3.5%) 5 (3.6%) 1 (3.3%) >0.999

    Liver cirrhosis 7 (4.1%) 4 (2.9%)   3 (10.0%) 0.20

    Autoimmune disease 5 (2.9%) 5 (3.6%) 0 (0%)　　　 0.65

    Atrial fibrillation 22 (12.9%) 19 (13.6%)   3 (10.0%) 0.20

    COPD 7 (4.1%) 6 (4.3%) 1 (3.3%) >0.999

    HIV infection 0 (0%)　　　 0 (0%)　　　 0 (0%)　　　 >0.999

    IV drug use 0 (0%)　　　 0 (0%)　　　 0 (0%)　　　 >0.999

    Alcohol abuse 8 (4.7%) 8 (5.7%) 0 (0%)　　　 0.39

    Charlson score, median [IQR] 2.0 [1, 3] 2.0 [1, 3] 6.0 [4, 8] <0.001

        Except cancer status 2.0 [1, 3] 2.0 [1, 3] 1.5 [1, 3] 0.93

Site of acquisition   0.003

    Community-acquired 111 (65.3%)　　 99 (70.7%) 12 (40.0%)   0.003

    Nosocomial 41 (24.1%) 27 (19.3%) 14 (46.7%)   0.003

    Healthcare-related 18 (10.6%) 14 (10.0%)   4 (13.3%) 0.83

Affected valve

    Aortic valve (AV) only 39 (22.9%) 31 (22.1%)   8 (26.7%) 0.77

    Mitral valve (MV) only 88 (51.8%) 72 (51.4%) 16 (53.3%) >0.999

    Tricuspid valve (TV) only 11 (6.5%)　　 7 (5.0%)   4 (13.3%) 0.20

    Pulmonary valve only 2 (1.2%) 2 (1.4%) 0 (0%)　　　 >0.999

    Two-valve IE 28 (16.5%) 26 (18.6%) 2 (6.7%) 0.19

        AV+MV 26 (15.3%) 24 (17.1%) 2 (6.7%) 0.24

        AV+TV 2 (1.2%) 2 (1.4%) 0 (0%)　　　 >0.999

    Three-valve IE 2 (1.2%) 2 (1.4%) 0 (0%)　　　 >0.999

*Defined as moderate-severe degree of any heart valve insufficiency or stenosis. COPD, chronic obstructive pulmonary 
disease; IE, infective endocarditis; IQR, interquartile range; IV, intravenous; HIV, human immunodeficiency virus.
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staging system.17 Predisposing factors consisted of a dental 
procedure involving a periodontal procedure; a gastroin-
testinal procedure, including enteroscopy, percutaneous 
endoscopic gastrostomy, and endoscopic biopsy; and a 
genitourinary procedure, including prostate biopsy, ureteral 
stent insertion, and percutaneous nephrostomy catheter 
insertion. Other invasive procedures such as tissue biopsy, 
central venous catheterization, chemoport implantation, 
and percutaneous drainage catheter insertion were also 
considered predisposing factors. Patients with a prosthetic 
valve, a permanent pacemaker, or a cardioverter-defibril-
lator were excluded from the study.

Statistical Analysis
Normally distributed continuous variables are presented 
as the mean ± standard deviation. Non-normally distributed 
variables are presented as the median and interquartile 
range. Variables were compared using Student’s t-test for 
parametric data and the Mann-Whitney test for non-
parametric data. Categorical variables are presented as 

or hematologic malignancy. Time of cancer diagnosis was 
defined as histologically confirmed. Duration of cancer 
was defined as the time from cancer diagnosis to IE devel-
opment. Cancer stage was divided into 3 groups: localized 
(cancer found only in the tissue or organ of origin, and no 
spread to other parts of the body), locally advanced 
(cancer spread outside the organ of origin, but not to distant 
parts of the body), and metastatic (cancer spread to other 
parts of the body). Current cancer status was categorized 
as no evidence of disease, ongoing antitumor therapy, or 
no further treatment. Antitumor therapy included chemo-
therapy, radiation, and surgery.

The Charlson comorbidity index was used as a method 
of categorizing the comorbidities of the patients.15 A 
central nervous system event was defined as an acute 
neurological deficit of vascular etiology lasting >24 h.16 
Systemic embolization was defined as an embolic event 
including ischemic stroke. Congestive heart failure was 
defined and classified according to the American College 
of Cardiology Foundation/American Heart Association 

Figure 1.    Different characteristics 
of infective endocarditis in the 
patients with or without cancer.

Figure 2.    Acquisition site of infective endo-
carditis in patients with and without cancer.
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15 (50.0%) IE events occurred within 6, within 6–12, and 
after 12 months of the cancer diagnosis, respectively; 4 
(13.3%) cancer patients developed IE after 5 years from the 
cancer diagnosis. There was no recurrent IE in the cancer 
group; 73 patients (42.9%) had structural heart disease and 
diabetes mellitus was the most common comorbidity. 
There were no patients with human immunodeficiency 
virus infection, and there were no intravenous drug users 
in our study population. Only 5 (2.9%) of the patients had 
a history of a prior IE event and 5 (2.9%) of the patients 
had had previous cardiac surgery. The median Charlson 
comorbidity index score was 6.0 in the non-cancer IE group 
and 2.0 in IE patients with cancer (P<0.001). Figure 1 
schematically demonstrates the different characteristics of 
IE in the cancer and non-cancer groups.

The sites of acquisition for each group are shown in 

number (percentage), and variables were compared using 
the chi-square test or Fisher’s exact test. Adjusted odds 
ratios were computed using logistic regression analysis. 
Stepwise logistic regression analysis was performed including 
variables with a P-value <0.1 in the univariate analysis. 
P<0.05 was considered statistically significant.

Results
A total of 170 patients were enrolled in the study, and 30 
(17.6%) had active cancer. Baseline characteristics, predis-
posing factors, and site of acquisition are shown in Table 1. 
The median age was 62.5 years for IE patients with cancer 
and 55.0 years for IE patients without cancer. The median 
duration of cancer was 381.0 (interquartile range 37.0–872) 
days. Among the cancer group, 11 (36.7%), 4 (13.3%), and 

Table 2.  Etiology, Diagnosis, and Outcomes of Study Patients With Infective Endocarditis

Total  
(n=170)

No cancer  
(n=140)

Cancer  
(n=30) P value

Diagnosis 0.53

    Definite IE 140 (82.4%)　　 117 (83.6%)　　 23 (76.7%)　　
    Possible IE 30 (17.6%) 23 (16.4%) 7 (23.3%)

Etiology

    Staphylococcus species 31 (18.2%) 23 (16.4%) 8 (26.7%) 0.29

        MSSA 13 (7.6%)　　 10 (7.1%)　　 3 (10.0%) 0.88

        MRSA 8 (4.7%) 5 (3.6%) 3 (10.0%) 0.30

        MSCoNs 6 (3.5%) 5 (3.6%) 1 (3.3%)　　 >0.999

        MRCoNs 4 (2.4%) 3 (2.1%) 1 (3.3%)　　 >0.999

    Streptococcus species 71 (41.8%) 64 (45.7%) 7 (23.3%) 0.04

        Viridans group streptococci 57 (33.5%) 53 (37.9%) 4 (13.3%) 0.02

        Other streptococci 14 (8.2%)　　 11 (7.9%)　　 3 (10.0%) 0.98

    Enterococcus 17 (10.0%) 11 (7.9%)　　 6 (20.0%) 0.09

    HACEK 5 (2.9%) 5 (3.6%) 0 (0%)　　　　　 0.65

    Other gram-positives 1 (0.6%) 1 (0.7%) 0 (0%)　　　　　 >0.999

    Gram-negative 2 (1.2%) 2 (0.7%) 1 (3.3%)　　 >0.999

    Fungi 1 (0.6%) 1 (0.7%) 0 (0%)　　　　　 >0.999

    Negative blood culture 39 (22.9%) 32 (22.9%) 7 (23.3%) >0.999

    Multiple organism 2 (1.2%) 1 (0.7%) 1 (3.3%)　　 >0.999

Predisposing factors

    Dental procedures 7 (4.1%) 7 (5.0%) 0 (0%)　　　　　 0.46

    GI or GU procedure 8 (4.7%) 4 (2.9%) 4 (13.3%) 0.05

    Invasive procedure ≤60 days 27 (15.9%) 17 (12.1%) 10 (33.3%)　　   0.009

Clinical course

    Stroke 62 (36.5%) 51 (36.4%) 11 (36.7%)　　 >0.999

    Other systemic embolism 29 (17.1%) 25 (17.9%) 4 (13.3%) 0.74

    Heart failure 83 (48.8%) 69 (49.3%) 14 (46.7%)　　 0.95

    Atrioventricular block 10 (5.9%)　　 9 (6.4%) 1 (3.3%)　　 0.82

Surgery

    Indicated 137 (80.6%)　　 119 (85.0%) 20 (66.7%)　　 0.04

    Performed 110 (64.7%)　　 104 (74.3%) 6 (20.0%) <0.001

Outcomes

    Median hospital days, IQR 36 [25, 49] 32 [25.5, 43] 34.5 [13, 49] 0.65

    In-hospital death 33 (19.4%) 17 (12.1%) 16 (53.3%)　　 <0.001

    1-year death 39 (22.9%) 18 (12.9%) 21 (70.0%)　　 <0.001

GI, gastrointestinal; GU, genitourinary; HACEK, Haemophilus species, Aggregatibacter actinomycetemcomitans, 
Cardiobacterium hominis, Eikenella corrodens, and Kingella kingae; IE, infective endocarditis; IQR, interquartile 
range; MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; 
MSCoNs, methicillin-sensitive coagulase negative Staphylococcus; MRCoNs, methicillin-resistant coagulase negative 
Staphylococcus.
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monly isolated in IE patients with cancer (20.0% vs. 7.9%, 
P=0.09). Approximately 23% of the total study population 
was classified as having culture-negative IE.

A total of 7 (4.1%) patients had undergone a dental 
procedure prior to the IE event. Gastrointestinal and 
genitourinary procedures were more frequently performed 
before an IE event in cancer patients (13.3% vs. 2.9%, 
P=0.047). Other invasive procedures, such as tissue biopsy, 
central venous catheterization, chemoport implantation, 
and percutaneous drainage catheter insertion, were also 
more frequently performed in IE patients with cancer than 
in IE patients without cancer (33.3% vs. 12.1%, P=0.009). 
Predisposing factors for IE patients are shown in Figure 4. 
Staphylococcus was the most common isolate (50.0%) in IE 
patients with cancer who had undergone an invasive 
procedure before the onset of IE. Streptococcus (50%) and 
Enterococcus (25%) were the most common isolates in 
those patients undergoing a gastrointestinal or genitouri-
nary procedure. There was no significant difference in 
clinical complications, including stroke, other systemic 
embolism, heart failure, and atrioventricular block, between 
IE patients with cancer and those without cancer. There 
was no significant difference in the median length of hospital 
stay between these 2 groups (34.5 vs. 32.0 days, respectively; 

Table 1 and Figure 2. In this regard, 99 (70.7%) IE patients 
without cancer were classified as having community-
acquired IE and 12 IE patients with cancer (40%) were 
classified as having community-acquired IE (P=0.003). 
Overall, 18 IE patients with cancer (60%) had nosocomial 
or healthcare-related infections; this difference in the site 
of acquisition was statistically significant (P=0.003). All 
patients in this study had native valve IE. The mitral valve 
was the most common site of infection (67.6% of patients 
had infection only in the mitral valve). There was no 
pulmonary valve involvement in IE patients with cancer. 
When compared with non-IE cancer patients, cancer 
patients with IE had more history of structural heart 
disease (36.7% vs. 13.5%, P=0.005). Other baseline charac-
teristics were not significantly different between the groups. 
All-cause deaths occurred more in the IE-cancer group 
during the entire follow-up (70% vs. 35%, P=0.005, 
Supplementary Table). Median survival days from cancer 
diagnosis were not significantly different between the groups.

Etiology and clinical outcomes are shown in Table 2 and 
Figure 3, respectively. Streptococcal infection was the most 
common etiology in the non-cancer group (45%). However, 
Staphylococcus was the most common pathogen isolated 
in cancer patients (26.7%). Enterococcus was more com-

Figure 3.    Causative organisms of infective endocarditis in patients with and without cancer.

Figure 4.    Predisposing factors of infective 
endocarditis in patients with and without 
cancer. Invasive procedures included tissue 
biopsy, central venous catheterization, 
chemoport implantation, and percutaneous 
drainage catheter insertion; gastrointestinal 
(GI) procedures included enteroscopy, 
percutaneous endoscopic gastrostomy, and 
endoscopic biopsy; genitourinary (GU) 
procedures included prostate biopsy, ureteral 
stent insertion, and percutaneous nephros-
tomy catheter insertion.
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according to treatment strategy are shown in Table 4. The 
median age was 54 years in patients who underwent 
surgery and 65 years in patients not undergoing surgery 
(P=0.06). The Charlson comorbidity index score (excluding 
cancer status) was 1.5 in IE patients undergoing surgery 
and 2.0 in IE patients not treated surgically (P=0.90). 
Patients with metastatic cancer did not undergo surgery. 
IE patients with cancer who underwent surgical treatment 
showed no in-hospital or 1-year deaths; 13 of 14 patients 
who did not undergo surgery died during hospitalization 
(P=0.001).

Discussion
There are several key findings in the current study. First, 
IE was not uncommon in cancer patients (18%) and was 
associated with a poorer outcome. Second, cancer patients 
with IE were infected with different causative organisms 
and frequently had undergone a non-dental procedure 
before the development of IE. This is clinically important 
because cancer patients are not considered at a higher risk 
for IE; therefore, AP is not recommended for cancer patients 
in the current guidelines. Further prospective studies are 
needed to clarify the need for AP before non-dental invasive 
procedures in cancer patients. Third, the occurrence of IE 
had prognostic relevance in cancer patients. IE was an 
important reason for the discontinuation of antitumor 
therapy and the denial of further aggressive treatment in 
almost all cancer patients who died.

Previous studies have reported increased nosocomial or 

P=0.648). However, in-hospital mortality was significantly 
higher in IE patients with cancer than in IE patients 
without cancer (53.3% vs. 12.1%, respectively; P<0.001). 
IE patients with cancer had a higher 1-year mortality rate 
than did IE patients without cancer (70.0% vs. 12.9%, 
respectively; P<0.001). Cancer type and stage at the time 
of IE diagnosis are shown in Table 3. Hematologic malig-
nancy, gastric malignancy, and hepatocellular carcinoma 
were the most common cancers in our study group; 19 
patients (63.3%) had metastatic cancer. With regard to 
cancer status, 8 (26.3%) patients were in remission, 16 
(53.3%) patients were currently receiving antitumor therapy, 
and 6 (20.0%) patients were receiving palliative care 
without antitumor therapy. There was no significant 
difference in the cancer type, current cancer status, and 
comorbidity index scores (excluding cancer status) between 
patients who died or survived during hospitalization. 
However, a significantly higher percentage of patients who 
died during hospitalization had metastatic cancer compared 
with those who did not die during hospitalization (87.5% 
vs. 35.7%, respectively; P=0.01).

Although 20 (66.7%) of 30 patients with IE and cancer 
were considered to meet the indications for surgery, only 6 
(20%) of these patients underwent surgical treatment. The 
most common type of cancer was hematologic malignancy 
(33.3%), and no metastatic cancer patient underwent 
surgery for IE. Meanwhile, in the non-cancer IE group, 
among the 119 (85%) patients who met the indications for 
surgery, 104 (74.3%) patients were treated surgically. 
Patients’ baseline characteristics and clinical outcomes 

Table 3.  Baseline Patient Characteristics, and Type, and Stage of Cancer at the Time of IE Diagnosis

Cancer  
(n=30)

Survivor  
(n=14)

In-hospital death 
(n=16) P value

Age, median [IQR] 62.5 [51.0, 69.0] 54.0 [49.0, 67.0] 65.0 [58.0, 70.0] 0.13

Sex 19 (63.3%)　　 9 (64.3%) 10 (62.5%)　　 >0.999

�Charlson comorbidity score, median [IQR] 6.0 [4.0, 8.0]　　 4.5 [3.0, 6.0]　　 7.5 [6.5, 8.0]　　 0.01

    Except cancer status 1.5 [1.0, 3.0]　　 1.0 [1.0, 3.0]　　 2.0 [1.0, 2.5]　　 0.22

Type of cancer 　0.78*

    Stomach 4 (13.3%) 2 (14.3%) 2 (12.5%)

    Colorectal 3 (10.0%) 1 (7.1%)　　 2 (12.5%)

    Hepatocellular carcinoma 4 (13.3%) 2 (14.3%) 2 (12.5%)

    Head and neck 3 (10.0%) 2 (14.3%) 1 (6.2%)　　
    Thyroid 1 (3.3%)　　 1 (7.1%)　　 0 (0%)　　　　　
    Lung 2 (6.7%)　　 1 (7.1%)　　 1 (6.2%)　　
    Hematologic 6 (20.0%) 4 (28.6%) 2 (12.5%)

    Breast 1 (3.3%)　　 0 (0%)　　　　　 1 (6.2%)　　
    Ovary 2 (6.7%)　　 1 (7.1%)　　 0 (0%)　　　　　
    Biliary tract 1 (3.3%)　　 0 (0%)　　　　　 1 (6.2%)　　
    Bladder 2 (6.7%)　　 0 (0%)　　　　　 2 (12.5%)

    Primary unknown 1 (3.3%)　　 0 (0%)　　　　　 1 (6.2%)　　
Stage 0.01

    Localized 7 (23.4%) 6 (42.9%) 1 (6.2%)　　 0.05

    Locally advanced 4 (13.3%) 3 (21.4%) 1 (6.2%)　　 0.50

    Metastatic 19 (63.3%)　　 5 (35.7%) 14 (87.5%)　　 0.01

Status 0.09

    No evidence of disease 8 (26.7%) 6 (42.9%) 2 (12.5%) 0.14

    Ongoing antitumor therapy 16 (53.3%)　　 6 (42.9%) 9 (56.2%) >0.999

    No further treatment 6 (20.0%) 1 (7.1%)　　 5 (31.2%) 0.23

*All P values in specific cancer diagnosis were not significant. IE, infective endocarditis; IQR, interquartile range.
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biased, it suggests that prevention of IE in metastatic 
cancer patients is quite important in real-world practice. 
Despite these findings, current guidelines do not classify 
the presence of cancer as an indication for AP.5–7

Recent studies have shown that S. aureus is the most 
common cause of IE and that infection with this organism 
is associated with a higher mortality rate.4,20,21 Overall, 
Streptococcus was the most common pathogen in our 
study, but Staphylococcus was the most common causative 
organism in IE patients with cancer. In addition, Strepto-
coccus and Enterococcus were also more commonly isolated 
in IE patients with cancer than in IE patients without 
cancer. Enterococcal IE was more common after gastroin-
testinal or genitourinary procedures, whereas Staphylococcus 
was the most common pathogen after a preceding invasive 
procedure such as tissue biopsy, central venous catheter-
ization, chemoport implantation, and percutaneous 
drainage catheter insertion. When considering the causative 
organism, it is likely that a preceding procedure may be the 
causative factor of IE. These findings further underscore 
the potential benefits of AP prior to procedures in cancer 
patients. In this study, about 23% of cancer patients had 
culture-negative IE, a rate higher than reported in a previous 
study.1 Cancer is the most common cause of non-bacterial 
thrombotic endocarditis.22 However, in this study, all the 

healthcare-associated IE in cancer patients.4,8,10 Demo-
graphic features of patients with nosocomial or healthcare-
associated IE include older age, concomitant hemodialysis, 
cancer, diabetes mellitus, and the presence of intracardiac 
devices rather than intrinsic cardiac risk factors.1,18 Our 
single-center retrospective study also showed that the rates 
of nosocomial and healthcare-associated IE were higher in 
cancer patients than in non-cancer patients. There was no 
significant difference in comorbidities, excluding cancer 
status, between these 2 groups. Cancer patients did have a 
lower rate of concomitant structural heart disease, although 
this difference was not statistically significant. In previous 
studies, the incidence of structural heart disease in IE was 
reported to be 30–50%,1,8 but the incidence was lower in 
the cancer patients in our study. Most patients had 
unknown status without any cardiac examination before 
the IE event. In-hospital and 1-year mortality rates were 
significantly higher in IE patients with cancer compared 
with IE patients without cancer. Although the overall 
mortality rate of IE is known to be around 30%,1,19 the 
overall mortality rate in our study was lower. However, the 
mortality rate of IE in patients with cancer was much 
higher than that seen in IE patients without cancer. In 
particular, there were no survivors from IE among those 
with metastatic cancer. Although this finding could be 

Table 4.  Baseline Patient Characteristics and Clinical Outcome According to Treatment Policy

Indicated for surgery 
(n=20)

Medical treatment only 
(n=14)

Surgical treatment 
(n=6) P value

Age, median [IQR] 62.5 [52.5, 67.0] 65.0 [58.0, 69.0] 54.0 [49.0, 63.0] 0.06

Sex 14 (70.0%)　　 10 (71.4%)　　 4 (66.7%) >0.999

Charlson comorbidity score, median [IQR] 5.5 [3.5, 8.0]　　 7.0 [5.0, 8.0]　　 3.5 [3.0, 5.0]　　 0.01

    Except cancer status 2.0 [1.0, 3.0]　　 2.0 [1.0, 3.0]　　 1.5 [1.0, 3.0]　　 0.90

Type of cancer 　0.61*

    Stomach 2 (10.0%) 1 (7.1%)　　 1 (16.7%)

    Colorectal 2 (10.0%) 2 (14.3%) 0 (0%)　　　　　
    Hepatocellular carcinoma 3 (15.0%) 2 (14.3%) 1 (16.7%)

    Head and neck 2 (10.0%) 1 (7.1%)　　 1 (16.7%)

    Thyroid 1 (5.0%)　　 0 (0%)　　　　　 1 (16.7%)

    Lung 2 (10.0%) 2 (14.3%) 0 (0%)　　　　　
    Hematologic 4 (20.0%) 2 (14.3%) 2 (33.3%)

    Breast 0 (0%)　　　　　 0 (0%)　　　　　 0 (0%)　　　　　
    Ovary 0 (0%)　　　　　 0 (0%)　　　　　 0 (0%)　　　　　
    Biliary tract 1 (5.0%)　　 1 (7.1%)　　 0 (0%)　　　　　
    Bladder 2 (10.0%) 2 (14.3%) 0 (0%)　　　　　
    Primary unknown 1 (5.0%)　　 1 (7.1%)　　 0 (0%)　　　　　
Stage   0.005

    Localized 5 (25.0%) 2 (14.3%) 3 (50.0%) 0.26

    Locally advanced 4 (20.0%) 1 (7.1%)　　 3 (50.0%) 0.11

    Metastatic 11 (55.0%)　　 11 (78.6%)　　 0 (0%)　　　　　   0.006

Status 0.11

    No evidence of disease 7 (35.0%) 3 (21.4%) 4 (66.7%) 0.15

    Ongoing antitumor therapy 9 (45.0%) 7 (50.0%) 2 (33.3%) >0.999

    No further treatment 4 (20.0%) 4 (28.6%) 0 (0%)　　　　　 0.39

Outcome

    Hospital days, IQR    32 [12.0, 51.5] 22.0 [10.0, 47.0] 34.4 [30.0, 54.0] 0.14

    In-hospital death 13 (65.0%)　　 13 (92.9%)　　 0 (0%)　　　　　   0.001

    1-year death 13 (65.0%)　　 13 (92.9%)　　 0 (0%)　　　　　 0.07

*All P values in specific cancer diagnosis were not significant. IQR, interquartile range.
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populations. However, we found the specific characteristics 
of IE in cancer patients through comparison with patients 
having IE without cancer in terms of preceding invasive 
procedure, different causative microbes, and survival. 
Larger randomized multicenter trials focusing on cancer 
populations may help clarify these issues in the future.

Conclusions
IE is not uncommon in cancer patients and is associated 
with poorer outcomes. IE was an important reason for the 
discontinuation of antitumor therapy and the withholding 
of additional treatment in cancer patients. Patients with IE 
and cancer have different clinical characteristics, including 
site of acquisition, pathogen, and the frequency of non-
dental procedures before the development of IE. Additional 
studies regarding AP before non-dental invasive procedures 
in cancer patients are needed.
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patients had a high fever and elevated inflammatory 
marker levels, suggesting that non-bacterial thrombotic 
endocarditis is less likely in cancer patients with negative 
blood cultures. In addition, a similar percentage of patients 
in the non-cancer group were found to have a negative 
culture. Furthermore, in some patients, antibiotics were 
used because of fever without a preceding blood culture 
before referral. Among the cancer patients, those with a 
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because of their immune deficiency status, which may also 
be the reason for the larger number of patients with 
culture-negative IE.

Surgery was less frequently performed in cancer patients, 
so the subsequent mortality rate was significantly higher. 
Only one-fifth of the IE patients with cancer underwent 
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