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Background: Advances in cancer therapies and improvement in survival of
cancer patients have led to a growing number of patients with both cancer
and severe aortic stenosis (AS). Transcatheter aortic valve replacement (TAVR)
has been shown to be a safe and effective treatment option for this patient
population. There are established racial disparities in utilization and outcomes
of both cancer treatments and TAVR. However, the effect of race on TAVR
outcomes in cancer patients has not been studied.

Objectives: The purpose of this study was to investigate racial disparities in
outcomes of TAVR in cancer patients.

Methods: 343 patients with cancer who underwent TAVR at a single center over
a 6-year period were included in the study. The primary endpoint was a
composite of 1l-year mortality, stroke, and bleeding. Secondary outcomes
included individual components of the primary endpoint as well as 30-day
mortality, structural complications, vascular access complications, and
conduction system complications. Outcomes were compared between black
and white patients by comparing incidence rates.

Results: Baseline characteristics including age, sex, BMI, medical comorbidities,
STS score, and echocardiographic parameters were similar between races, aside
from significantly higher rates of CKD (50.0% vs. 26.6%, p = 0.005) and ESRD
(18.4% vs. 4.9%, p = 0.005) in black compared to white cancer patients. There
was a trend toward worse outcomes in black cancer patients with regard to a
composite endpoint of 1-year mortality, stroke, and major bleeding (35.7% vs.
22.6%, p =0.095), primarily driven by higher 1-year mortality (31.0% vs. 17.6%,
p = 0.065). 30-day mortality was twice as high in black cancer patients than in
white cancer patients (4.8% vs. 2.3%, p = 0.018).

Conclusions: There is a trend toward worse TAVR outcomes in black cancer
patients, with higher periprocedural complication rates and mortality,
compared to white cancer patients. Further studies are needed to elucidate
the structural, socioeconomic, and biological factors that contribute to racial
differences in outcomes.
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Abbreviations
TAVR, transcatheter aortic valve replacement; AS, aortic stenosis; CVD, cardiovascular disease; CKD,
chronic kidney disease; ESRD, end stage renal disease; HR, hazard ratio; CI, confidence interval.
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1 Introduction

Advances in cancer treatment and the resulting improvement
in survival of cancer patients have led to a growing population of
older adults with both cancer and AS. One of the treatment
options for AS is TAVR, which has seen a rapid rise in
utilization over the past decade from tens of thousands to over
one hundred thousand cases annually (1). As cancer therapies
continue to improve, the prognosis for these patients may be
limited more by AS than by cancer. Moreover, treatment of their
AS may allow them to receive more aggressive and optimal
oncologic care. Several studies have evaluated the effect of cancer
on TAVR outcomes, with the majority showing similar short-
term mortality and periprocedural complication rates in cancer
patients compared to controls. Based on the existing data,
patients with cancer and concomitant severe AS should be
considered for TAVR.

Cancer and cardiovascular disease (CVD) are the leading
causes of death in the United States with disproportionate
burden of illness among black individuals. Black adults have the
highest incidence and mortality of any racial group in the US
across multiple cancer types and experience higher burden of
CVD risk factors and CVD-related mortality than white adults
(2). Within the field of cardio-oncology, limited studies have
shown that black cancer patients experience higher incidence of
cardiotoxicity and higher rates of adverse cardiovascular
outcomes compared to white cancer patients (3). Such disparities
are postulated to result from a complex interplay between
structural, social, environmental, behavioral, and biological
factors, which include but are not limited to differences in access
socioeconomic

to care, status,

pollutants and psychosocial stressors, and genetic background

exposure to environmental

(4). Studies exploring racial disparities in TAVR outcomes are
sparse but have shown comparable rates of short-term mortality
and periprocedural complications between black and white patients.
The aim of this study, therefore, was to investigate the impact of
race on TAVR outcomes in a cohort of patients with cancer.

2 Materials and methods

2.1 Patients

The charts of all patients who underwent TAVR at the
University of Maryland Medical Center from November 2016
through August 2022 were retrospectively screened. Of these, 352
patients were identified as having a remote history of or active
cancer, defined as having been diagnosed or receiving cancer-
related therapy within 1 year of TAVR. Local skin cancers not
requiring systemic therapy were not included. 9 patients who
identified as either Asian or Hispanic were excluded from the
study, leaving 343 patients who identified as either white or
black. Race was determined by patient’s self-reporting. Medical
records were reviewed and baseline characteristics, cancer type
and treatment, and TAVR outcomes were recorded to evaluate
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for racial disparities. The study was approved by the University
of Maryland Baltimore (UMB) Institutional Review Board (IRB).

2.2 Endpoint definition

The primary endpoint was a composite of 1-year mortality,
stroke, and clinically significant (BARC 2 or greater) bleeding.
Secondary outcomes included individual components of the
primary outcome as well as 30-day mortality, new left bundle
branch block, complete heart block, need for permanent
pacemaker implantation, structural complications (i.e., ventricular
perforation and cardiac tamponade), vascular  access
complications (i.e., femoral artery pseudoaneurysm), and acute

renal failure.

2.3 Statistical analysis

Statistical analysis was conducted using RStudio. Baseline
characteristics of the patients were compared by race using an
unpaired, two-tailed Student’s t-test for continuous variables and
chi-square test for categorical variables. Statistical significance
was established at p <0.05. Composite outcomes were derived by
combining the incidence of these outcomes and expressing them
as percentages of individuals meeting the specified criteria.

3 Results
3.1 Baseline characteristics

Baseline characteristics of the patients by race are presented in
Table 1. Of 343 patients included in the study, 42 (12.2%) identified

TABLE 1 Baseline characteristics by race.

P-value

Age at TAVR (years) 77.8 +10.7 79.1+8.4 0.37
Male 22 (52.4) 153 (50.8) 0.98
BMI (kg/mz) 305+79 29.6+9.6 0.57
Tobacco use 21 (50.0) 159 (52.8) 0.86
Comorbid conditions

Hypertension 37 (88.1) 261 (88.8) 1.00
Hyperlipidemia 31 (79.5) 233 (80.6) 1.00
Diabetes 20 (48.8) 111 (40.1) 0.38
Coronary artery disease 23 (57.5) 158 (57.7) 1.00
Atrial fibrillation 15 (38.5) 119 (43.1) 0.71
End stage renal disease 7 (18.4) 13 (4.9) 0.005*
Echocardiographic parameters

Left ventricular ejection 549 +14.2 54.0+123 0.67
fraction (%)

AV mean PG pre-TAVR 40.94 +12.48 40.14 +15.78 0.75

(mmHg)

Values are mean + SD or n (%).
*Signifies statistical significance.
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as black. 49.0% of patients identified as female and gender was
distributed equally between races. The mean age at the time of
TAVR was 78.9 years and was not significantly different between
black and white patients. Rates of cardiovascular risk factors and
medical comorbidities were largely comparable between races.
However, black patients had significantly higher rates of
CKD (50.0% vs. 26.6%, p=0.005) and ESRD (18.4% vs. 4.9%,
p=0.005) than white patients.
parameters including left ventricular ejection fraction (54.9% vs.
54.0%, p=0.67) and mean pressure gradient across the aortic
valve prior to TAVR (40.94 mmHg vs. 40.14 mmHg, p=0.75)
were comparable between black and white patients.

Baseline echocardiographic

Characterization of cancer types and cancer therapies are
provided in Tables 2, 3. The most prevalent malignancies were
breast (17.2%), prostate (15.5%), genitourinary (9.9%), hematological
(9.6%), and gastrointestinal (9.3%). 24.2% of patients had multiple
cancers. 22.2% of patients had active cancer at the time of TAVR.
64% of patients underwent cancer-related surgery, 34.4% received
radiotherapy, 23.6% received chemotherapy, 8.2% received targeted
or immunotherapy, and 11.1% received hormonal therapy.

3.2 Outcomes

Outcomes by race are provided in Table 4.

3.3 Composite endpoint

A total of 83 (24.2%) patients met the composite endpoint of 1-
year mortality, stroke, or bleeding. A higher percentage of black

TABLE 2 Cancer types by race.

Black White

Breast 6 (14.3) 53 (17.6)
CNS 0 (0.0) 1(0.3)

ENT 0 (0.0) 6 (2.0)
Gastrointestinal 3(7.1) 29 (9.6)
Genitourinary 5(11.9) 29 (9.6)
Gynecological 2 (4.8) 15 (5.0)
Hematological 2 (4.8) 31 (10.3)
Pulmonary 1(2.4) 11 (3.7)
Melanoma 0 (0.0) 2 (0.7)
Multiple 12 (28.6) 71 (23.6)
Prostate 10 (23.8) 43 (14.3)
Sarcoma 0 (0.0) 1(0.3)

SCC skin 0 (0.0) 1(0.3)
Thyroid 1(2.4) 8 (2.7)

TABLE 3 Cancer therapies by race.
Black White Total P-value

Surgery 30 (71.4) 191 (63.5) 221 (64.4) 0.40
Radiotherapy 11 (26.2) 107 (35.5) 118 (34.4) 0.23
Chemotherapy 7 (16.7) 74 (24.6) 81 (23.6) 0.35
Targeted therapy 2 (4.8) 15 (5.0) 17 (5.0) 1.00
Immunotherapy 2 (4.8) 10 (3.3) 12 (3.5) 0.98
Hormonal therapy 6 (14.3) 32 (10.7) 38 (11.1) 0.66
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TABLE 4 Mortality and periprocedural outcomes by race.

Primary outcomes

1-year mortality 13 (31.0) 53 (17.6) 0.065
Stroke 2 (4.8) 7 (2.3) 0.68
Major bleeding 5(11.9) 20 (6.6) 0.36
Composite endpoint (1-year mortality, 15 (35.7) 68 (22.6) 0.095
stroke, major bleeding)

Secondary outcomes

30-day mortality 2 (4.8) 7 (2.3) 0.018*
Acute renal failure 0 (0) 2 (0.07) 1.0
Structural complication 2 (4.8) 3 (1.0) 0.222
Permanent pacemaker implantation 6 (14.3) 32 (10.6) 0.657
AV mean PG post-TAVR (mmHg) 11.40 +8.98 9.08 +4.85 0.01%

*Signifies statistical significance.

patients than white patients met the composite endpoint (35.7%
vs. 22.6%, p = 0.095).

3.4 Mortality

30-day mortality was low overall (2.6%), but significantly
higher in black than white patients (4.8% vs. 2.3%, p =0.018). 1-
year mortality was also higher in black patients compared to
white patients but did not meet statistical significance (31.0% vs.
17.6%, p = 0.065).

3.5 Periprocedural complications

Black patients had higher incidences of new left bundle branch
block, complete heart block, permanent pacemaker implantation,
structural complications, vascular access complications, stroke,
and BARC 2 or greater bleeding. However, none of these
differences were statistically significant. No black patients
experienced acute renal failure compared to 2 white patients.
Mean pressure gradient across the aortic valve was significantly
higher in black patients post-TAVR than in white patients
(11.40 mmHg vs. 9.08 mmHg, p=0.01).

4 Discussion

The purpose of this study was to examine the effect of race on
TAVR outcomes in a cohort of patients with cancer and
concomitant severe AS. The main findings are: (1) TAVR can be
safely performed in cancer patients with mortality and
periprocedural complication rates comparable to those observed
in the general population, (2) there is a trend towards worse
TAVR outcomes in black cancer patients compared to white
cancer patients with regard to a composite endpoint of 1-year

mortality, stroke, and bleeding, (3) the worse outcomes in black
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cancer patients compared to white cancer patients appear to be
driven primarily by higher mortality.

4.1 Effect of cancer on TAVR outcomes

Our study adds to the growing literature demonstrating that
TAVR is a safe and effective treatment option for cancer patients
with severe AS with short-term morbidity and mortality
comparable to that of non-cancer patients. Landes et al.
performed a retrospective cohort study using the TOP-AS
registry that showed similar 30-day mortality and periprocedural
complication rates but higher 1-year mortality among cancer
patients compared to non-cancer controls (14.8% vs. 9.4%,
P <0.001), with half of the deaths in cancer patients being cancer
related (5). Similarly, a study by Lind et al. of 1,088 patients who
underwent TAVR including 839 controls, 196 patients with stable
cancer, and 53 patients with active cancer demonstrated
comparable 30-day survival and periprocedural complication
rates but reduced 10-year survival in those with active cancer
(HR 1.47, 95% CI 1.16-1.87, p=0.001), which was attributed to
cancer progression (6). Bendary et al. performed a meta-analysis
of 3 studies with a total of 5,162 patients including 368 with
active cancer that showed similar all-cause mortality, safety, and
efficacy outcomes at 30-day follow-up but significantly higher all-
cause mortality at 1 year in patients with cancer compared to
patients without cancer (RR 1.71, 95% CI 1.26-2.33, p =0.0006),
driven by patients in advanced cancer stages (7). More recently,
Aikawa et al. retrospectively studied 122,573 TAVR cases of
which 8,013 were performed in patients with active cancer and
reported similar in-hospital mortality (aOR 1.06, 95% CI 0.89-
1.27, p=0.52) but higher rates of bleeding and readmission in
active cancer patients (8). While the present study did not
include non-cancer controls, mortality and periprocedural
complication rates can be compared to those reported in the
literature. In line with the aforementioned studies, 30-day
mortality was similar (2.62% vs. 3.32%) while 1-year mortality
was higher (19.24% vs. 15.62%) in our patient population
compared to the STS-ACC TVT registry for all commercial
TAVR performed in the US from 2011 through 2019. Incidences
of stroke, major bleeding, vascular access complications, and
permanent pacemaker implantation were comparable to rates
reported in observational studies and clinical trials.

4.2 Racial disparities in utilization of TAVR
and cancer treatments

Racial disparities in TAVR utilization have been demonstrated
in various studies with black patients consistently underrepresented
in the TAVR population. Based on US census data from 2021, black
individuals represent 9% of Americans aged 65 or older. However,
in the STS-ACC TVT registry, only 3.98% of patients who
underwent TAVR from 2011 to 2019 were black (9). Reasons for
the disparity in TAVR use among black individuals relative to
their representation in the US population are incompletely
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understood and likely multifactorial. Studies have suggested that
black individuals are at significantly lower risk of developing
severe AS than white individuals, despite higher prevalence of
traditional risk factors (10). However, a retrospective cohort
study by Brennan et al. showed that black patients were
significantly less likely than white patients to undergo aortic
valve replacement (either SAVR or TAVR) 1 year after diagnosis
of symptomatic severe AS, suggesting that there are additional
factors separate from disease prevalence that contribute to racial
differences in TAVR usage (11). Potential causes include lower
socioeconomic status and, in turn, lack of health insurance and
access to specialized interventions, lack of trust in the medical
likelihood of
procedures. Indeed, within major metropolitan areas in the US

system, and lower referral for specialized
with TAVR programs, zip codes with higher proportions of black
patients and lower measures of socioeconomic status (i.e.,
median household income, Medicaid eligibility) have lower rates
of TAVR (12). Furthermore, after diagnosis of severe AS, black
patients are more likely to decline TAVR or not be referred to a
cardiologist at all (13). In the present study, 12.2% of patients
who underwent TAVR were black, almost triple the rate reported
in the STS-ACC TVT registry throughout 2019. It is unclear,
however, whether this represents an improvement in utilization
of TAVR among black patients since 2019 or is simply a result of
our distinct study population. Given the high incidence of cancer
in black relative to white adults and the urban location of our
study site, a higher percentage of black patients is to be expected
in our cohort compared with the general TAVR population.

Racial disparities also impact the utilization of cancer
with
gastrointestinal tract cancer, black patients were 8% less likely to

treatments. For example, in a cohort of patients
receive chemotherapy and 35% less likely to receive radiotherapy
than white (14).

demonstrated in utilization of hormonal therapy for prostate

patients Similar disparities have been
cancer (15). However, in the present study we noted no
significant differences in utilization of various cancer treatments
between black and white patients. A potential explanation for
this could be due to our distinct patient population, which
consisted of a higher percentage of black adults compared to the
general US population, and therefore, significant emphasis and

efforts to provide more equitable care.

4.3 Racial disparities in TAVR outcomes

Several studies have explored the impact of race on TAVR
outcomes. In an early, single-center retrospective cohort study,
Minha et al. found no differences in periprocedural outcomes,
30-day, or 1-year mortality between black and white patients
who underwent TAVR (16). Alkhouli et al. performed a
retrospective cohort study of 70,221 patients using the STS-ACC
TVT registry that also showed no significant difference in the
rates of in-hospital or 1-year mortality as well as in-hospital MI,
stroke, major bleeding, vascular complications, or new pacemaker
requirements between black and white patients. However, black
patients had higher rates of rehospitalization for heart failure at
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1-year follow-up compared with white patients (HR 1.39, 95% CI
1.16-1.67, p <0.001) for unclear reasons (17). A meta-analysis by
Jaiswal et al. that included 3 studies with a total of 102,009
patients similarly demonstrated comparable in-hospital mortality
among black and white patients (OR 1.01, 95% CI 0.86-1.19,
p=0.93). However, the rates of certain secondary outcomes
differed by race: black patients had significantly higher rates of
myocardial infarction and acute kidney injury but lower rates of
permanent pacemaker implantation (18).

Our study, in contrast, demonstrated a trend towards worse
periprocedural outcomes and significantly worse mortality in
black compared with white patients. 35.7% of black patients met
the composite endpoint of 1-year mortality, stroke, and/or major
bleeding compared with 22.6% of white patients (p=0.095),
primarily driven by higher 1-year mortality (31.0% vs. 17.6%,
p=0.065). Given that cause of death at 1 year is unknown, it is
not clear whether the increased 1-year mortality in black patients
is primarily due to cancer or cardiovascular death. Crude
incidence rates of all periprocedural complications including
death,
complications, and conduction system complications were higher

intraprocedural stroke, major bleeding, vascular
in black patients than white patients. However, none of these
differences were statistically significant, likely due to the limited
sample size. In contrast to prior studies evaluating racial
disparities in TAVR outcomes, 30-day mortality was significantly
worse in black patients with a mortality rate more than double
that of white patients. However, this result should be interpreted
with caution given the small number of patients who died within
30 days of TAVR (2 black patients vs. 7 white patients). It is
possible that differences in baseline comorbidities, particularly
the higher incidence of ESRD in black patients, contributed to
differences in outcomes. Indeed, multiple retrospective cohort
studies have demonstrated that patients with CKD or ESRD who
undergo TAVR have greater short- and long-term mortality and
periprocedural rates

complication compared with patients

without renal dysfunction (19-23). Finally, mean pressure
gradient across the aortic valve post-TAVR was significantly higher
in black patients compared to white patients, although the
difference is unlikely to be clinically significant. Further clinical and
translational research is needed to develop a better understanding
of the structural, socioeconomic, and biological factors that drive

racial differences in TAVR outcomes in cancer patients.

4.4 Limitations

This study has several limitations. First, as a retrospective,

single-center cohort study, it is susceptible to bias and
confounding that is inherent to all observational studies. Second,
given the specific nature of our study question, the sample size
was limited to 343 total subjects of whom only 42 identified as
black. Our study, therefore, was likely not powered to detect true
differences in certain secondary outcomes. Moreover, due to
limitations in sample size, we could not comment on disparities
in outcomes among Asian and Hispanic patients, which warrants

further study. Third, cancer-specific data including cancer stage
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and presence of metastatic disease was not obtained and therefore,
cancer-specific prognosis could not be estimated. Fourth, as most
deaths occurred outside the hospital and were not recorded in the
electronic medical record, mortality data was primarily obtained
from obituary records. It is possible that some deaths were missed
if obituaries were not readily available online. Furthermore, cause
of death was unknown for all patients who died during the follow
up period so it is not clear whether patients died primarily from
cancer or cardiovascular-related causes. Lastly, socioeconomic and
geographic variables, which are likely to contribute to racial
disparities in outcomes, were not collected.

5 Conclusions

Black patients with cancer and severe AS who undergo TAVR
tend
significantly higher short-term mortality, in comparison to white

to have worse periprocedural outcomes, including
patients. Further studies are needed to elucidate the structural,
socioeconomic, environmental, behavioral, and biological factors

that contribute to racial disparities in outcomes.
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