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Background and There is limited data on temporal trends of cardiovascular hospitalizations and outcomes amongst cancer patients. We

aims describe the distribution, trends of admissions, and in-hospital mortality associated with key cardiovascular diseases
among cancer patients in the USA between 2004 and 2017.

Methods Using the Nationwide Inpatient Sample we, identified admissions with five cardiovascular diseases of interest: acute
myocardial infarction (AMI), pulmonary embolism (PE), ischaemic stroke, heart failure, atrial fibrillation (AF) or atrial
flutter, and intracranial haemorrhage. Patients were stratified by cancer status and type. We estimated crude annual
rates of hospitalizations and annual in-hospital all-cause mortality rates.

Results From >42.5 million hospitalizations with a primary cardiovascular diagnosis, 1.9 million (4.5%) had a concurrent record
of cancer. Between 2004 and 2017, cardiovascular admission rates increased by 23.2% in patients with cancer, whilst
decreasing by 10.9% in patients without cancer. The admission rate increased among cancer patients across all admission
causes and cancer types except prostate cancer. Patients with haematological (9.7-13.5), lung (7.4-8.9), and GI cancer
(4.6-6.3) had the highest crude rates of cardiovascular hospitalizations per 100 000 US population. Heart failure was the
most common reason for cardiovascular admission in patients across all cancer types, except Gl cancer (crude admission
rates of 13.6—16.6 per 100000 US population for patients with cancer).

Conclusions In contrast to declining trends in patients without cancer, primary cardiovascular admissions in patients with cancer
is increasing. The highest admission rates are in patients with haematological cancer, and the most common cause of
admission is heart failure.
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Introduction general population.? As many more cancer patients live to an older

age, CVD is emerging as an important and dominant cause of disability

Improved detection and treatment strategies have increased the life and premature death in this patient cohort.?

expectancy of cancer patients.” Patients with a history of cancer have It is expected that patients with past or active cancer will be in-

a higher risk of cardiovascular disease (CVD) compared with the  creasingly encountered across all cardiac subspecialties. These patients
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All records taken from NIS
database from 2004 - 2017

!

Identified records with pre-defined
cardiovascular admission using ICD
9 and ICD10 (n=42,589,424
weighted cases)

l

Records included in analysis
(N=42,496,270 weighted)

* Missing Data:

e  Age <18:1=60,760

Excluded (n=93,154)

o Age: n=4.806.
o Sex:n=12,338.
o Mortality: n=23,729.

Figure | Flow diagram of study sample selection. NIS, national inpatient sample; ICD, international classification of disease.

have unique cardiotoxic exposures (chemo-, radio-, and immune-
therapies) and disease susceptibilities (e.g. thromboembolism).*
Optimizing the cardiovascular care of cancer patients has growing
relevance for the entire cardiovascular community.®

To understand the cardiovascular care needs of patients with can-
cer, there is a need for high quality data from large populations.
Cardiovascular hospitalizations are an important indicator of disease
burden and service use. Previous analyses of national-level cardio-
vascular admission data have demonstrated greater cardiovascular
mortality risk in cancer patients and differential pattern of CVDs by
primary cancer site.6~® However, existing literature does not evaluate
temporal trends in cardiovascular hospitalizations, which have impor-
tant implications for healthcare resource utilization and costs in cancer
patients.

Using the National Inpatient Sample (NIS) database, we aimed to
describe the distribution and trends of admissions and in-hospital
mortality associated with key CVDs among patients with cancer, by
CVD type and primary cancer site.

Methods

Data source and study population

The NIS is the largest all-payer inpatient health care database in the
United States of America (USA), developed by the Healthcare Cost and
Utilization Project (HCUP) and sponsored by the Agency for Healthcare
Research and Quality (AHRQ).” The NIS dataset contains hospital infor-
mation on between 7 and 8 million yearly hospital discharges from 2004
onwards. Since 2012, the NIS samples discharges from all hospitals partic-
ipating in HUCP, approximating a 20% stratified sample of all discharges
from community hospitals in the USA. The NIS reports diagnostic data
using the International Classification of Diseases, Ninth Edition (ICD-9)

until September 2015, updating to International Classification of Diseases,
Tenth Edition (ICD-10) codes from October 2015.

In this study, we analysed included all adults (>18 years) admitted with
a principal diagnosis of one of the defined CVDs of interest, covering the
period from January 2004 to December 2017. Sampling weights were used
to calculate the estimated total discharges as specified by AHRQ. As we
used deidentified and publicly available data, this study was exempt from
Institutional Review Board evaluation.

Ascertainment of cardiovascular disease

and cancer status

Admission diagnoses were grouped into the following CVD categories:
acute myocardial infarction (AMI), pulmonary embolism (PE), ischaemic
stroke, heart failure, atrial fibrillation (AF) or atrial flutter, and intracranial
haemorrhage. We identified patients with a record of any cancer, which we
then stratified by cancer type (five most common cancers: haematological,
lung, gastrointestinal, prostate, breast, and other). Admission categories,
cancer types, as well as other patient characteristics, were extracted
using ICD-9 and ICD-10 codes provided in Supplementary material online,
Table S1.

Statistical analysis
All statistical analyses were performed on IBM SPSS version 26 and Stata
MP version 17.0. Information on patient demographics was recorded for
each hospital discharge, including age, sex, race, admission day (weekday
or weekend), expected primary payer, and median household income ac-
cording to ZIP code. Records with missing data for age, sex, and mortality
status were excluded from the analysis (Figure 1 for study flow diagram).
We estimated the crude annual rates of hospitalization among patients
with cancer per 100 000 US adults' for the six different admission causes
and cancer types. We also described the annual in-hospital all-cause mor-
tality rates. For comparison, we also report all results in the entire sample,
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including patients admitted with a primary CVD diagnosis with or without
a record of cancer. Continuous variables are presented as a median (25th
percentile and 75th percentile) due to skewed data. Categorical data
are presented as frequencies and percentages. Categorical variables were
compared using the Pearson Chi-square test, while continuous variables
were compared using the Kruskal-Wallis test. We used multivariable
logistic regression to estimate the association of cancer types (exposure
of interest) with in-hospital mortality. Associations were examined sepa-
rately for each CVD category. We Hierarchical multilevel modelling was
used to account for clustering/nesting of observations, by adjusting for the
hospital clustering. We further adjusted for the following covariates: sex,
age, race, hospital location, hospital size, hospital location/teaching status,
weekend and elective admission, median zip income, expected primary
payer, valvular disease, hypertension, diabetes mellitus, peripheral vascular
disease, chronic lung disease, chronic renal failure, obesity, anaemia, coagu-
lopathy, chronic liver disease. Statistical significance was set at the 2-tailed
0.05 level without any multiplicity adjustment.

Results

Baseline characteristics
Between 2004 and 2017, a total of 42496270 weighted cases of
patients with any of the six CV admission causes of AMI, PE, ischaemic
stroke, heart failure, AF or atrial flutter; and intracranial haemorrhage
were identified and included in the analysis (Figure 7). Of these,
1895823 cases (4.5%) had an active cancer diagnosis. Haematological
malignancy was the most common cancer type (26.1%, 495914)
followed by lung (18.7%, 354 349), gastrointestinal (12.4%, 235795),
prostate (11.6%, 220873), and breast (6.7%, 126 617) malignancies.
Other cancer types were present in 24.4% of cases (462 275 patients).
Patients with cancer were older and had a higher prevalence of
valvular disease, anaemia, and coagulopathy, and a lower prevalence
of hypertension, diabetes mellitus, and obesity compared with pa-
tients without cancer. Among the specific cancer types, patients with
prostate cancer were, on average, the oldest (median 79 years) and
had the highest prevalence of hypertension (68.9%) and peripheral
artery disease (10.8%). Patients with haematological malignancies had
the greatest burden of valvular heart disease (7.2%), chronic renal
failure (27.9%), anaemia (33.1%), and coagulopathies (10.9%) (Table 1).
Baseline characteristics of patients with specific causes of admission
are presented in Supplementary material online, Tables S2-S7.

Overall admission trends

Among patients with a cancer diagnosis, we observed an overall
23.2% increase in the overall CV crude admission rate between 2004
and 2017 (Figure 2). The crude admission rate increased for all six
admission causes between 7% (acute MI and ischaemic stroke) and
46% (AF) (Figure 3A). Among patients with cancer, heart failure was
the most common cause of admission throughout the entire study
period, with the annual admission rate increasing during the study
period from 13.6 (95% Cl 13.5-13.7) to 16.6 (95% Cl 16.4-16.7) per
100 000 US population (P for trend 0.02). In 2017, PE was the second
most common cause of admission, with the admission rate increasing
from 6.4 (95% Cl 6.3-6.5) to 8.8 (95%Cl 8.7-8.9) per 100000 US
populations (P for trend < 0.001). ICH was the least common reason
for admission but showed a significant increase from 2004 to 2017 [1.8
(95% Cl 1.7-1.8) to 2.5 (95% Cl 2.5-2.6) per 100000 US population,
P for trend < 0.001] (Figure 4A).

In contrast, during the same study period, in patients without
cancer, we observed a 10.9% overall decrease in the overall CV crude
admission rate (Figure 2). During this period, we observed >30%
increase in the PE crude admission rate and a 10% increase in the
AF crude admission rate. The crude admission rate of the other CVD
decreased between 0.7% (heart failure) and 38% (ischaemic stroke)

(Figure 3B). Heart failure was the most common admission cause
during the entire study period, with the admission rate decreasing
from 352.2 (95% ClI 351.5-352.9) to 349.8 (95% Cl 349.2-350.4) per
100000 US population (P for trend < 0.001). Ischaemic stroke was
the second most common admission cause in 2004 but showed the
most significant decrease during the study period and was the third
most common in 2017 [250.8 (95% Cl 250.2-251.3) to 154.0 (95%
Cl 153.6-154.4) per 100000 US population, P for trend < 0.001].
AMI was the third most common cause in 2004, and the second in
2017 despite a significant drop in the crude admission rate [230.7
(95% CI 230.1-231.2) to 196.5 (95% Cl 196.0-197.0) per 100000
US population, P for trend < 0.001]. PE was the least common
cause of admission in 2004 and showed the most significant increase
during the study period [34.9%, 36.2 (95% Cl 36.0-36.5) to 48.9 (95%
Cl 48.7-19.2) per 100000 US population, P for trend < 0.001]. In
2017, PE was the fifth common cause of admission, and ICH was
the least common cause of admission (37.6, 95% Cl per 100 000 US
population).

We observed an overall steady increase in primary cardiovascular
admission rates across all cancer types, expect prostate cancer (Figure
4B). Patients with haematological cancer had the highest crude rate
of cardiovascular admissions throughout the study period, they also
had the greatest increase in admissions from 9.7 (95% Cl 9.6-9.8) in
2004 to 13.5 (95% Cl 13.4-13.7) in 2017 per 100000 US population
(P for trend < 0.001). Lung cancer patients had the second highest
rate of cardiovascular admissions also with a significant increasing
trend [7.4 (95% Cl 7.3-7.5) to 8.9 (95% CI 8.8-9.0) per 100000 US
population, P for trend < 0.001]. Similar significant increasing trends
in rate of cardiovascular admissions was observed in patients with
gastrointestinal [4.6 (95% Cl 4.6—4.7) to 6.3 (95% Cl 6.2-6.4) per
100000 US population, P for trend < 0.001] and breast [2.5 (95%
Cl 2.4-2.5) to 3.7 (95% CI 3.7-3.8) per 100000 US population, P
for trend < 0.001] cancers; in patients with prostate cancer, CV
admission rate decreased from 5.8 (95% Cl 5.7-5.9) to 4.8 (95% Cl
4.7-4.9) per 100000 US population (P for trend < 0.001).

In-hospital mortality trends across

cancer types

In-hospital mortality rates were higher among patients with cancer
compared with patients without cancer (5-9.6% vs. 4.2%, Table 1). Fol-
lowing adjustment, compared with other cancer types, the adjusted
odds ratio for mortality was highest in patients with cancer admitted
with AF, AMI, ischaemic stroke, HF, and PE [OR (95% Cl) of 4.43
(3.67-5.35), 2.31 (2.02-2.63), 2.29 (2.01-2.61), 2.24 (1.97-2.54), and
2.36 (2.07-2.68), respectively]. Among patients admitted with ICH,
the highest odds ratio for mortality was observed in patients with
haematological malignancies (1.42 95% CI (1.23-1.63), Supplementary
material online, Table $8. We examined in-hospital mortality amongst
patients with current cancer admitted with any of the cardiovascular
diagnosis, observing a statistically significant decline in mortality across
all cancer types (Figure 5A). The highest mortality rates in patients
admitted with a primary cardiovascular diagnosis and cancer were
observed in patients with lung cancer (decrease from 12.3% in 2004
to 8.2% in 2017, P for trend < 0.001), followed by gastrointestinal
cancer (11.1-7.3%, P for trend < 0.001). During most of the study
period, the lowest mortality rates in patients admitted with a primary
cardiovascular diagnosis and cancer were observed among patients
with prostate (6.2-5.1%, P for trend 0.003) and breast cancers (5.8—
4.4%, P for trend < 0.001).

Among patients with cancer, there was a general declining in-
hospital mortality trend across all the cardiovascular admissions
considered (Figure 5B). The highest in-hospital mortality was ob-
served in patients admitted with ICH, ranging from (31.4-22.7%, P for
trend < 0.001), followed by AMI (12.3-8.3%, P for trend < 0.001). The
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Table | Demographics, record characteristics, and comorbidities of patients stratified by cancer type

No
malignancy Haematological Lung Gl  Prostate Breast Other P-value
Number of weighted records 40600447 495914 354349 235795 220873 126617 462275
Age (years), median (IQR) 72 76 72 72 79 72 72 <0.001
(60, 82) (67, 83) (64,79) (63,81) (72,85) (62,81) (63,81)
Females, % 49.1% 44.9% 45.6% 43.2% 0% 98.7% 49.7%  <0.001
Race
White 73.9% 79.6% 80.5% 74.1% 73.5% 71.5% 79.2%  <0.001
Black 14.0% 11.4% 11.9% 14% 16.5% 18% 10.9%
Hispanic 6.0%7.1% 5.2% 3.5% 6.6% 5.8% 6.1% 5.7%
Asian/Pacific Islander 2.0% 1.4% 1.8% 2.6% 1.6% 1.8% 1.7%
Native American 0.5% 0.3% 0.4% 0.3% 0.3% 0.4% 0.4%
Other 2.5% 2.1% 1.8% 2.4% 2.2% 2.3% 2.1%
Hospital location
Northeast 19.6% 21.7% 20.8% 22.2% 22.1% 20.7% 22% <0.001
Midwest 23.6% 25.2% 25.4% 24.2% 23.9% 25.6% 23.9%
South 40.4% 36.7% 39.9% 36.7% 34.5% 37% 36.1%
West 16.5% 16.4% 13.9% 16.8% 19.5% 16.7% 18%
Hospital size
Small 13.1% 13.5% 13.4% 13.6% 14.2% 14.2% 129%  <0.001
Medium 25.1% 25.5% 26% 25.7% 26.5% 27.1% 24.9%
Large 61.8% 61% 60.6% 60.6% 59.3% 58.7% 62.2%
Hospital location/teaching status
Rural 13.1% 1% 12.8% 11.2% 13.2% 11.7% 105%  <0.001
Urban non-teaching 41.0% 35.3% 37.3% 35.3% 37.9% 35.2% 34.1%
Teaching 45.8% 53.7% 49.8% 53.5% 48.9% 53% 55.4%
Weekend admission 22.8% 22.3% 22.2% 22.2% 22.4% 21.5% 22% <0.001
Elective admission 10.8% 9.6% 7.7% 8.2% 10.2% 8.7% 8.7% <0.001
Median income
1st quartile 29.4% 24.6% 28.4% 27.3% 26.9% 27.7% 25.6%  <0.001
2nd quartile 26.8% 25.8% 26.8% 25.6% 25.5% 25.9% 25.3%
3rd quartile 23.1% 25.2% 24.1% 24.1% 24% 24.2% 24.7%
4th quartile 20.8% 24.4% 20.7% 23% 23.6% 22.2% 24.4%
Expected primary payer
Medicare 66.5% 77.7% 71.7% 69.4% 83.5% 69.5% 69.7%  <0.001
Medicaid 6.6% 3.9% 6.2% 6.4% 2.3% 7.5% 6.1%
Private 20.4% 15.7% 18.5% 20.5% 11.7% 20.1% 20.6%
Uninsured 3.9% 1.1% 1.4% 1.6% 0.9% 1.3% 1.6%
No charge 0.4% 0.1% 0.1% 0.2% 0.1% 0.1% 0.2%
Other 2.1% 1.5% 2.1% 1.9% 1.6% 1.4% 1.8%
Valvular disease 3.8% 7.2% 4.5% 5.4% 6.5% 6.6% 6% <0.001
Hypertension 69.9% 64.9% 59.3% 61.6% 68.9% 65.5% 62.6%  <0.001
Diabetes mellitus 34.2% 30.6% 24.7% 32.8% 30.1% 30.3% 278%  <0.001
Peripheral vascular disease 9.7% 82% 10.6% 6.9% 10.8% 6% 7.6% <0.001
Chronic lung disease 24.8% 24.2% 53% 21.3% 23.4% 22.5% 234%  <0.001
Chronic renal failure 19.3% 27.9% 13.9% 16% 24.5% 15.7% 20.4%  <0.001
Obesity 11.7% 8.5% 5.4% 7% 6.7% 12.4% 8.9% <0.001
Anaemia 17.7% 33.1% 28.4% 36.6% 29.1% 27.6% 30% <0.001
Coagulopathy 3.8% 10.9% 7.5% 8.7% 5.5% 5.3% 6.9% <0.001
Chronic liver disease 1.7% 1.7% 12% 5.3% 1.1% 1.2% 1.5% <0.001
Length of stay, days, median (IQR) 3 (2:6) 4(27) 427) 427 4Q26) 426 4(27) <0001
Total charge, $, median (IQR) 23361 27333 27164 28184 24587 25076 28030 <0.001
(12691, (14780, (14995, (15078, (13229, (13978, (15205,
46 079) 53821) 21030) 54715) 48483) 46622) 53830)
Discharge home 56.7% 50.1% 43% 43.8% 48.8% 51.1% 44.6%  <0.001
In-hospital mortality 4.2% 6.3% 9.6% 8.3% 5.7% 5% 7.8% <0.001

Gl, Gastrointestinal; IQR, interquartile range.
Due to rounding numbers may not add up to 100.0%.
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Figure 3 % change in crude CV admission rates by admission cause among patients with (A) and without (B) cancer.
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Figure 4 Trends in cardiovascular admissions of cancer patients by cause of admission (A) and cancer type (B), per 100 000 US population.

lowest mortality rate was in those admitted with AF/flutter (4.7-3.1%,
P for trend = 0.001). Among patients without cancer, we observed
similar overall declines in-hospital mortality rate trends across all ad-
mission causes, except for ischaemic stroke (mortality rate increased
from 3.6% to 4%, Supplementary material online, Figure S7).

Haematological cancer

There was an overall increasing crude rate of primary cardiovascular
admissions in patients with haematological cancer across all CVDs
studied. The most common admission reason throughout the en-
tire study period was heart failure, which also showed the steepest
increase of all cardiovascular conditions considered [4.27 (95% ClI
4.20-4.32) to 6.12 (95% Cl 6.03-6.2) per 100000 US population,
P for trend < 0.005]. The remaining CVDs showed less prominent
increasing trends (Figure 6A). In 2017, the highest rates of in-hospital
death were observed in those admitted with ICH (23.9%), ischaemic
stroke (7.2%), and AMI (6.8%). These were followed by heart failure
(4.7%) and PE (4.4%). The lowest mortality rates were observed in
those admitted with AF/flutter (2.4%). Patients admitted with heart

failure had the second highest mortality rate in 2004 (7.9%), which
dropped to the fourth highest in 2017 (4.7%) (Figure 6B).

Lung cancer

The most common causes of primary cardiovascular admission
in 2017 in lung cancer patients were heart failure [2.4 (95% ClI
2.35-2.45)], PE [2.03 (95% CI 1.99-2.08)], and AF [1.50 (95% ClI
1.46—1.54)]—all per 100000 US population. In 2004, AMI was the
second most common cause of primary cardiovascular admission
[1.27 (95% Cl 1.23-1.31) per 100000 US population] but dropped
to fifth most common in 2017 [1.2 (95% Cl 1.16-1.24)], above ICH
[0.40 (95% CI 0.38-0.43)], which was the least common cause of
admission in lung cancer patients (Supplementary material online,
Figure S2A). The mortality rate from all cardiovascular admissions
was reduced over the study period. In 2017, the highest in-hospital
mortality in lung cancer patients was observed in those admitted with
ICH (19.3%), AMI (11.9%), and ischaemic stroke (10.9%). In 2004,
the highest in-hospital mortality was observed in the same three
conditions (Supplementary material online, Figure S2B).
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Figure 5 Trends in in-hospital mortality (%) amongst cardiovascular admissions of cancer patients by cancer type (A) and cause of admission (B).

Gastrointestinal cancer

The top three causes of primary cardiovascular admissions in patients
with gastrointestinal cancer in 2017 were PE [1.69 (95% CI 1.65—
1.73)], heart failure [1.62 (95% Cl 1.58-1.67)], and ischaemic stroke
[1.09 (95% ClI 1.06—1.13)]—all per 100 000 US population. AF/flutter
and ICH were the least common causes of admission. There was an in-
crease of all primary cardiovascular admissions amongst patients with
gastrointestinal cancer. The relative distribution of admission causes
was generally unchanged during the study period (Supplementary ma-
terial online, Figure S3A). In 2017, the highest in-hospital mortality was
observed in admissions with ICH (28.1%), AMI (9.3%), and ischaemic
stroke (9.3%). AF/flutter (3.9%) and heart failure (4.3%) admissions
had the lowest associated in-hospital mortality (Supplementary ma-
terial online, Figure S3B).

Prostate cancer

In 2017, the most common causes of primary cardiovascular admis-
sion in prostate cancer patients were heart failure [1.86 (95% CI
1.81-1.9)], AMI [0.90 (95% Cl 0.86—0.93)], and ischaemic stroke [0.72

(95% Cl 0.69-0.75)]—all per 100000 US population. Contrary to
other cancer types, there was an overall declining trend in cardio-
vascular admissions. Heart failure admissions declined steadily from
2004 to 2014 [2.25 (95% Cl 2.19-2.3) to 1.37 (95% Cl 1.33-1.41)
per 100 000 US population] then had an upward trend from 2014 to
2017 [1.37 (95% C1 1.33-1.41) to 1.86 (95% Cl 1.81-1.9) per 100 000
US population]. Ischaemic stroke admissions had a steady decline
throughout the study period [1.18 (95% CI 1.14-1.22) to 0.72 (95%
Cl 0.69-0.75) per 100 000 US population]. The remaining conditions
were either unchanged or showed a minor declining trend, except
for PE, which showed a small increase [0.42 (95% Cl 0.4-0.45) to
0.48 (95% Cl 0.46—0.51) per 100000 US population] (Supplementary
material online, Figure S4A). There was a generally declining pattern
of in-hospital mortality amongst prostate cancer patients admitted
with cardiovascular conditions. The highest in-hospital mortality in
2017 was related to admissions with ICH (25%), AMI (6.4%), and PE
(5.4%). Notably, we observed a trend for higher in-hospital mortality
amongst patients admitted with heart failure in 2017 than in 2004
(4.4% vs. 5.3%, P for trend NS) (Supplementary material online,
Figure S4B).
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Figure 6 Trends in CV causes of admission per 100000 US population (A) and in-hospital mortality % (B) of patients with haematological

malignancy.

Breast cancer

The most common causes of primary cardiovascular admission in
breast cancer patients in 2017 were heart failure [1.29 (95% ClI
1.25-1.33)], PE [0.78 (95% CI 0.57-0.81)], and ischaemic stroke [0.56
(95% Cl 0.53-0.58)]—all per 100000 US population. There was a
general increase in all six cardiovascular causes of admission, which
appeared most marked for heart failure [0.88 (95% Cl 0.85-0.92)
to 1.29 (95% Cl 1.25-1.33) per 100000 US population, P for trend
0.05] and least so for ICH [0.08 (95% CI 0.07-0.09) to 0.13 (95%
Cl 0.12-0.14) per 100000 US population, P for trend 0.03]. The
highest in-hospital mortality in 2017 was observed in patients ad-
mitted with ICH (25.3%), AMI (6.8%), and ischaemic stroke (5.5%)
(Supplementary material online, Figure S5A). Contrary to trends
across other malignancies, the mortality rates for most conditions
appeared mostly unchanged over the study period. Amongst breast
cancer patients, the greatest declines in in-hospital mortality were
in patients admitted with heart failure (6.2-3.6%, P for trend 0.05)
and PE (4.9-3.5%, P for trend 0.05) (Supplementary material online,
Figure S5B).

Discussion
Summary of findings

We analysed >42 million cardiovascular admissions between 2004
and 2017, of which 4.5% were in patients with cancer. Cardiovascular
admission rates increased by 23.2% in patients with cancer, whilst
decreasing by 10.9% amongst patients with no record of cancer.
During the study period, the crude admission rate increased among
cancer patients across all admission causes. Among patients with no
record of cancer, the admission rates increased for PE and AF and
decreased for the other causes. The overall trends were of increasing
cardiovascular admissions across all cancer types, with the exception
of prostate cancer. Patients with haematological, lung and Gl cancer
had the highest rates of cardiovascular hospitalizations compared with
other cancer types. Heart failure was the most common reason for
cardiovascular admission in patients with no cancer and across all
cancer types except for Gl cancer, where it was the second most
common. Among patients with cancer, the crude admission rate for
heart failure was highest in patients with haematological, lung, and
prostate cancers. PE was relatively common among patients with
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cancer and was the second most common cause of admission in
patients with lung and breast cancer and the most common cause
in those with Gl cancers. AMI was the second most common CV
admission cause in haematological and prostate cancer patients, and
ischaemic stroke was the third most common cause of cardiovascular
admission across all cancers, except for lung cancer (where it was the
fourth most common).

In-hospital mortality related to cardiovascular admissions in can-
cer patients was higher among patients with cancer compared with
patients without cancer. The in-hospital mortality rate declined dur-
ing the study period, with similar trends across all cancers. Among
patients without cancer, the mortality rate increased for ischaemic
stroke and decreased for the other admission causes.

In summary, overall, we observed increasing rates of hospital admis-
sions in patients with cancer and a corresponding decline in in-hospital
mortality over the 13-year period of the study. There were differential
trends and disease distributions across cancer types. Our findings
highlight the cardiovascular care of cancer patients as a growing
priority.

Comparison with existing work

CVD and cancer remain the top two reasons of mortality in the
USA," and understanding their further interplay is of much impor-
tance. In a study using routine health data from England, including
>100000 adults, Strongman et al3 report that in older cancer sur-
vivors, cardiovascular mortality overtakes mortality from the primary
cancer. Whilst mortality data provide an unambiguous endpoint to
understand epidemiologic trends, they provide an incomplete picture
in relation to period of illness, severity of disease, and service use.
This information is essential to understand how clinical practice and
services may need to be adapted to meet the potential growing needs
of patients with cancer.

Few researchers have examined cardiovascular admissions of can-
cer patients in large populations. In a study of 834900 primary
cancer hospitalizations from the USA, Tuzovic et al.'? report that
the subset of patients with comorbid heart failure (64740, 7.2%)
had significantly higher inpatient mortality and hospitalizations costs
than those without recorded heart failure. Similarly, in a study of
5.9 million cardiovascular hospitalizations, Matetic et al® report
greater mortality risk in patients with record of cancer compared with
non-cancer patients. Interestingly, higher proportions of admissions
in small and rural hospitals were observed in heart failure admissions.
Increased heart failure mortality in rural areas has been previously
described.” Generally, rural areas have reduced health care provider
supply, greater distance to health care centres, decreased physician
density, and with a higher reliance on generalists." Contemporary
heart treatment, specifically in cancer patients, requires a higher level
of expertise that may be lacking in rural areas.

In a nationwide study of heart failure admissions from the USA,
Ram et al.'® report an increasing prevalence of concurrent cancer
diagnosis amongst heart failure admissions over the study period
between 2003 and 2014. They additionally report higher baseline
in-hospital mortality amongst heart failure admissions with lung, col-
orectal, or prostate cancer, compared with non-cancer controls. In
the early 2000’s, the HF mortality was in decline in the USA. A
previous study'® reported a reverse in this trend with an increase
in the HF mortality starting in the second decade of the century.
This is in accordance with our findings of increasing HF morbidity
in patients with and without cancer, which mostly attributed to the
ageing population.

Consistent with these observations, in a study of 163 881 women
with breast cancer from the Dutch nationwide cohort study between
1996 and 2005, Beddeke et al.!” report temporal trends of increased
cardiovascular hospitalization rates and reduced cardiovascular mor-

tality over the study period. Another study among >90 000 women
demonstrated a higher risk of HF among breast cancer survivors
compared with women without breast cancer, and the risk persisted
across LVEF phenotypes.'®

While heart failure was the most common CV cause of admission
among patients with cancer, we observed an increase in admission
rates in other CVD. The increase in AF and PE admission rates were
observed in patients without cancer and can be attributed to the
increasing age and prevalence of cardiometabolic risk factors'® and the
increasing availability and use of diagnostic scans,?° respectively. The
increase in ICH was observed only among cancer patients and may be
attributed to CNS metastases, intrinsic properties of the neoplasm,
and the increased use of anticoagulation in patients with cancer.?' The
increase in atherosclerotic conditions as AMI and ischaemic stroke
admissions may be related to the pathophysiology of cancer as well
as its treatment.

Our analysis significantly extends prior observations by demon-
strating temporal trends of cardiovascular admissions in cancer
patients over a 13-year period stratified by five common cancers and
key CVDs. Our findings support previous observations in demonstrat-
ing the increasing importance of CVD as a cause of ill health in cancer
patients, as indicated by increasing cardiovascular admissions. In line
with Beddeke et al.'” and general population trends,”? we observed
declining in-hospital mortality in primary cardiovascular admissions of
cancer patients.

Among patients admitted with the studied CVD and cancer, haema-
tological malignancies were the most common. This cohort had the
highest rate of heart failure hospitalization across all the cancer types.
AMI and ischaemic stroke were also important, both in relation to ad-
mission rates and associated in-hospital mortality. These observations,
and the higher and increasing rates of CV admission in patients with
haematological cancer, likely reflect the constellation of cardiotoxic
therapies to which haematological cancers are exposed as well as
pathological processes related to haematological cancers themselves.
Indeed, many of the chemotherapeutic and targeted agents used
in the treatment of haematological cancer patients have a known
high risk of cardiotoxicity.?>> Additionally, mediastinal radiotherapy,
which is often used in the treatment of lymphomas, has increasingly
recognized pro-atherogenic consequences,?® augmenting the risk of
both heart failure and atherosclerotic conditions such as AMI and
ischaemic stroke. Both cancer treatments and biological properties of
haematological malignancies can propagate a prothrombotic state,?
perhaps contributing to AMI and ischaemic stroke risk. In addition,
the increasing CV admission rate may be partly attributed to the
incidence of haematological malignancies. Non-Hodgkin lymphoma
(NHL) is the most common malignancy worldwide, the increased
incidence and decreased mortality of patients with NHL,2® as with
other haematological malignancies, will likely increase the burden of
CV morbidity in this population.

We observed a decrease in-hospital CV mortality trend in pa-
tients with haematological malignancy. This is in accordance with
our previous work that reported a decreasing trend of age-adjusted
cardiovascular mortality in patients with haematological malignan-
cies.?? This may reflect improvement in the treatment of CV diseases,
adoption of cardio-oncology guidelines and services, and improved
awareness of the increased risk of this population.

Lung cancer was the second most common cancer in our cohort.
The most common cause of cardiovascular admission in lung cancer
patients was heart failure—likely similarly driven by a combination
of chemo- and radiotherapy-related cardiotoxicity.?®3! The second
and third most common causes of admission were PE and AF/flutter.
Whilst all malignancies are associated with a higher risk of venous
thromboembolism due to the prothrombotic effects of cancer,? it
is possible that local tumour effects further augment this risk in lung
cancer patients. Similarly, the high rate of AF/flutter admissions in lung
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cancer patients may be a response to pulmonary pathology, which
may act indirectly through increasing right heart pressures or directly
through compression or irritation of the atrial chambers, which may
precipitate atrial arrhythmias.

There was a similar increasing trend of cardiovascular admissions
and declining associated in-hospital mortality trends in patients who
also had record of Gl cancer. The most common causes of admis-
sion were PE, heart failure, and ischaemic stroke. These likely reflect
both the demography and cancer treatment exposures in this pa-
tient cohort. Many Gl cancer therapies, such as fluorouracil-based
chemotherapy agents®®> and trastuzumab,>* have well-established
cardio-toxicity risks.

We observed both a declining trend in cardiovascular admission
and in-hospital mortality rates among patients with prostate cancer
admitted with the studied CVD. The declining trend of admission rates
in this group was similar to the trend in patients without cancer, and
in contrary to patients with other cancer types. These observations
may reflect the greater cardiotoxicity of therapies used in treatments
of other cancers. It is also possible that there is a discrepancy in the
frequency with which cancers are recorded as a comorbidity, with a
more frequent omission of prostate cancer as a concurrent diagnosis
in cardiovascular admissions than other cancer types. This is conceiv-
able given the direct implications of some cancers for CVD treatments
(e.g. antithrombin therapy decisions in haematological cancer patients,
arterial access in breast cancer patients).

The crude rate of cardiovascular admissions was comparatively
low in breast cancer patients compared with other cancer types.
This likely reflects the younger age of this cancer cohort and the
almost complete dominance of this cancer type by women. The most
common cause of admission was heart failure, which as with lung and
haematological cancers likely reflects the adverse effects of both car-
diotoxic therapeutic agents, such as HER-2 targeted therapies>3¢ and
anthracycline chemotherapy,’-3® as well as mediastinal radiotherapy.

Strengths and limitations

The NIS permitted characterization of temporal trends in cardiovas-
cular hospitalizations in patients with a record of cancer, by cancer
type, and CVD in a very large nationally representative sample. The
recording of diseases using ICD codes permitted standardized as-
certainment of CVD and cancer status. However, we are unable to
verify the accuracy or completeness of recorded diagnoses. Another
limitation is our inability to determine the date of cancer diagnosis. Ve
know that risk of CVD is altered according to time from first cancer
diagnosis and incorporation of such data may provide a more infor-
mative illustration of the cardiovascular care needs of cancer patients.
It should also be noted that the NIS, as an inpatients database, cannot
be used to assess the proportions of CV disease or CV admission
among the entire population of cancer patients. Furthermore, given
that the date of first cancer diagnosis is not available, we cannot
perform time-to-event analyses to assess the association of cancer
exposure with incident CVD. Finally, we do not have information on
specific cancer treatments and, as such, cannot make inferences about
the association of such exposures with the rates of cardiovascular
admission and in-hospital mortality observed in our analysis.

Conclusions

In this study, we describe the distribution and trends of primary
cardiovascular hospitalizations in patients with and without a con-
current record of cancer, considering differential trends by CVD and
five common cancer sites. Our main findings are an overall increasing
trend of primary cardiovascular admissions in patients with concur-
rent cancer and a decreasing trend of in-hospital mortality related to
these admissions. Our study illustrates the increasing cardiovascular

healthcare needs of cancer patients and the growing importance of
awareness of related issues by the general cardiologist. Further studies
are needed in order to explore the underlying reasons for these
trends. Given the specific considerations required for cardiovascular
care of these cancer patients, our findings provide insight for planning
of clinical services as well as clinical training.
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Supplementary material is available at European Heart Journal—
Quality of Care and Clinical Outcomes online.
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