Breast Cancer Research and Treatment (2022) 192:611-622
https://doi.org/10.1007/510549-022-06515-5

EPIDEMIOLOGY q

Check for
updates

Trends in heart disease mortality among breast cancer survivors
in the US, 1975-2017

Jacqueline B.Vo'3® . Cody Ramin'® - Ana Barac>® - Amy Berrington de Gonzalez' © . Lene Veiga'

Received: 2 August 2021 / Accepted: 3 January 2022 / Published online: 2 February 2022
This is a U.S. government work and not under copyright protection in the U.S.; foreign copyright protection may apply 2022

Abstract

Purpose Heart disease is a significant concern among breast cancer survivors, in part due to cardiotoxic treatments including
chemotherapy and radiotherapy. Long-term trends in heart disease mortality have not been well characterized. We examined
heart disease mortality trends among US breast cancer survivors by treatment type.

Methods We included first primary invasive breast cancer survivors diagnosed between 1975 and 2016 (aged 18-84; sur-
vived 12 +months; received initial chemotherapy, radiotherapy, or surgery) in the SEER-9 Database. Standardized mortality
ratios (SMRs) and 10-year cumulative heart disease mortality estimates accounting for competing events were calculated
by calendar year of diagnosis and initial treatment regimen. P were assessed using Poisson regression. All statistical
tests were 2-sided.

Results Of 516,916 breast cancer survivors, 40,812 died of heart disease through 2017. Heart disease SMRs declined
overall from 1975-1979 to 2010-2016 (SMR 1.01 [95%CI: 0.98, 1.03] to 0.74 [0.69, 0.79], pieng <0.001). This decline
was also observed for survivors treated with radiotherapy alone and chemotherapy plus radiotherapy. A sharper decline in
heart disease SMRs was observed from 1975 to 1989 for left-sided radiotherapy, compared to right-sided. In contrast, there
was a non-significant increasing trend in SMRs for chemotherapy alone, and significant by regional stage (pnq=0.036).
Largest declines in 10-year cumulative mortality were observed from 1975-1984 to 2005-2016 among surgery only: 7.02%
(95%CI: 6.80%, 7.23%) to 4.68% (95%CI: 4.39%, 4.99%) and radiotherapy alone: 6.35% (95%CI: 5.95%, 6.77%) to 2.94%
(95%ClI: 2.73%, 3.16%).

Conclusions We observed declining heart disease mortality trends by most treatment types yet increasing for regional stage
patients treated with chemotherapy alone, highlighting a need for additional studies with detailed treatment data and cardio-
vascular management throughout cancer survivorship.

trends
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Background

Advances in cancer treatment have contributed to the 5-year
survival rates among breast cancer survivors approaching
90% [1]. These advances have shifted attention to the late
adverse effects of treatment. Cardiovascular disease is now
the leading cause of non-cancer deaths in women diagnosed
with breast cancer in the US [2, 3]. Chemotherapy and radio-
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are associated with the risk of cardiomyopathy and heart
failure, and the risk is significantly higher when used
together [4-7]. Heart failure may present after anthracy-
cline use, when ventricular dilation and dysfunction may be
irreversible [7]. Limited data are available on the long-term
cardiotoxic effects of trastuzumab; however, in the absence
of anthracycline therapy, its cardiac effects are believed to be
largely reversible after cessation of treatment [7]. Radiother-
apy is associated with coronary artery disease and appears
approximately 5-20 years after treatment completion [7—10].

Increased understanding of treatment-related adverse
effects for breast cancer survivors has contributed to declines
in anthracycline use [11], selection of alternative, less car-
diotoxic treatments with similar effectiveness in certain
breast cancers [12, 13], as well as implementation of modern
radiotherapy techniques with reduced radiation exposure to
the heart [14]. These adaptations in cancer treatment and
increased awareness of cardiotoxicity should have impacted
heart disease mortality rates among breast cancer survivors.
Yet, potential shifts in heart disease mortality among US
breast cancer survivors by treatment type over time have
not been well characterized. In this study, we examined the
long-term trends in heart disease mortality among women
diagnosed with a first primary invasive breast cancer in the
US using data from the Surveillance, Epidemiology, and
End Results (SEER)-9 cancer registries according to initial
treatment regimen (chemotherapy, radiotherapy, or surgery)
and breast cancer characteristics from 1975 to 2017.

Methods
Data source

This retrospective, population-based cohort study utilized
the SEER-9 database for breast cancer survivors, and ref-
erence cohort from the US Mortality data. SEER-9 regis-
tries cover 9 registries throughout the USA and represent
approximately 9.4% of the US population and leverages
cancer registry data to characterize cancer incidence, treat-
ment, and survival. US Mortality Data are maintained by the
National Center for Health Statistics (NCHS) of the Centers
for Disease Control and Prevention (CDC). Causes of death
and population data were ascertained from death certificates.
This research was exempt of Institutional Review Board by
the National Institutes of Health Office of Human Subjects
Research based on the usage of deidentified existing data.

Study population

We studied long-term patterns of heart disease mortality
among 516,916 women diagnosed with a first primary,
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invasive breast cancer between ages 18-84, survived
12 months or longer, and received initial surgery, chemo-
therapy, or radiotherapy within SEER-9. We included first
primary breast cancer only since treatment information in
SEER is limited to first course of treatment. Women were
diagnosed with breast cancer between January 1, 1975 and
December 31, 2016 with follow-up until December 31, 2017.

Heart disease mortality

Our outcome of interest was heart disease mortality identi-
fied using consistent site groupings over time by the Inter-
national Classification of Diseases (ICD)-8 (1976—-1978)
and ICD-9 (1979-1998): 390-398, 402, 404, 410-429;
and ICD-10 codes (1999-2017): 100-109, 111, 113, 120-151.
Heart disease mortality was ascertained since this is a clini-
cally relevant outcome for the selected treatments and the
breast cancer population [7, 15].

Treatment information

We classified women according to their initial breast can-
cer treatment: surgery only (women who received surgery
but no/unknown history of chemotherapy or radiotherapy;
n=197,449), chemotherapy alone (women who received
chemotherapy, with or without surgery, but no/unknown
history of radiotherapy; n=76,479), chemotherapy plus
radiotherapy (women who received both chemotherapy
and radiotherapy, with or without surgery; n=102,838),
and radiotherapy alone (women who received radiotherapy,
with or without surgery, but no/unknown history of chemo-
therapy; n=140,150). The treatment groups were mutually
exclusive. Further, we present a subgroup analysis for radio-
therapy alone by laterality of the breast cancer (left-sided
and right-sided).

In the SEER database, trastuzumab was included under
chemotherapy until 2013 when it was classified under bio-
logic therapy/immunotherapy [16]. The SEER database
does not provide detailed information on specific drugs, and
therefore, we were unable to distinguish trastuzumab from
other biologic therapy/immunotherapy agents from 2013
onward. To remain consistent, we considered trastuzumab
under the chemotherapy treatment group for the entire study
period and conducted a sensitivity analysis by including the
biologic therapy/immunotherapy category in the chemo-
therapy group for diagnoses after 2013.

Statistical analyses

Patients were followed beginning 1 year after their first pri-
mary breast cancer diagnosis (to estimate treatment comple-
tion) until date of last contact, death, or end up study period
(December 31, 2017), whichever came first. To investigate
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heart disease risk relative to general population, we calcu-
lated standardized mortality ratios (SMRs) and correspond-
ing 95% confidence intervals (CIs) comparing risk of heart
disease deaths from the breast cancer cohort to the US gen-
eral female population. SMRs were calculated by dividing
the observed number of heart disease deaths among breast
cancer survivors by the expected number in the US female
general population, adjusted for age at death (5-year groups),
race (White/Black/other), and year of death. We examined
trends in heart disease SMRs by calendar year of breast
cancer diagnosis and treatment type (surgery only/chemo-
therapy alone/chemotherapy plus radiotherapy/radiotherapy
alone), latency defined as time since breast cancer diagno-
sis (1-9 years/10-19 years/20 + years), age of breast cancer
diagnosis (18—49 years/50-59 years/60-69 years/70-84 ye
ars), and breast cancer stage (localized/regional/distant)
(described further in Supplement A).

Tests for trend of SMRs by calendar year of breast cancer
diagnosis (continuous) were assessed using Poisson regres-
sion model, with expected events as the offset. A sensitivity
analysis was conducted to examine the SMRs by censoring
follow-up at a second invasive cancer diagnosis, as devel-
opment of a second cancer could increase risk of mortality.
To assess the clinical burden of heart disease mortality, we
calculated cumulative mortality (and corresponding 95%
CIs) from heart disease, taking into account the competing
risk of death from other causes [17]. We examined 10-year
cumulative mortality estimates by calendar year of breast
cancer diagnosis, stratified by treatment type. SMRs were
conducted using SEER*Stat version 8.3.8. Cumulative
mortality (using the stcompet package) and p,,.,4 tests were
conducted in Stata version 16 (StataCorp, College Station,
TX). All tests were 2-sided with statistical significance set
at p<0.05.

Results
Descriptive characteristics

From 1975 to 2016, there were 516,916 one-year breast can-
cer survivors with a median follow-up time was 9.59 years
(interquartile range of 4.58—16.84). Of these survivors,
38.20% received surgery only; 14.80% received chemo-
therapy alone; 19.89% received chemotherapy plus radio-
therapy; and 27.11% received radiotherapy alone as their
initial treatment (Table 1). The majority of localized cancers
received either surgery only (44.08%) or radiotherapy alone
(35.26%); regional cancers mostly received surgery only
(29.48%), chemotherapy alone (23.72%), or chemotherapy
plus radiotherapy (33.53%); and distant cancers mostly
received chemotherapy alone (34.14%) or chemotherapy
plus radiotherapy (35.18%). Survivors who received surgery

only or radiotherapy alone were older at breast cancer diag-
nosis than those who received chemotherapy alone or chem-
otherapy plus radiotherapy. Treatment patterns were broadly
similar by race. Use of surgery only declined over time from
1975-1979 to 2010-2016 (69.19% to 21.46%), whereas
chemotherapy plus radiotherapy use (4.07% to 28.71%) and
radiotherapy alone (17.74% to 34.19%) increased over time.
Overall, there were 246,205 deaths, and 40,812 (16.58%)
died of heart disease. A large proportion of survivors who
died of heart disease had received surgery only (50.35%),
followed by radiotherapy alone (27.91%).

Heart disease SMRs
By treatment type

Overall, heart disease mortality in breast cancer survivors
declined significantly relative to the general population
by the calendar year of breast cancer diagnosis, from an
SMR of 1.01 (95%CI: 0.98, 1.03) in 1975-1979 to SMR
of 0.74 (95%CI: 0.69, 0.79) in 2010-2016, p,,.,q < 0.001
(Table 2). This declining trend in SMRs was also observed
for patients treated with chemotherapy plus radiotherapy and
radiotherapy alone. Left-sided radiotherapy had a greater
decline in the SMRs for heart disease in the earlier years,
from 1.77 (95%CI: 1.64,1.91) in 1975-1979 to 0.93 (95%CI:
0.87,0.99) in 1985-1989, compared to right-sided (SMR
1.39 [95%CI: 1.27,1.51] to SMR 0.84 [95%CI: 0.78,0.90]
for same time period), while the decline in SMRs between
these two groups after 1990 was similar. In contrast, there
was a non-significant increasing trend for heart disease mor-
tality among survivors treated with chemotherapy alone,
with an SMR of 0.88 (95%CI: 0.77, 0.99) in 1975-1979
that increased to 1.01 (95%CI: 0.81, 1.25) in 2010-2016,
Ptrend = 0.11.

The trends in heart disease SMRs for chemotherapy were
similar in the sensitivity analysis with the inclusion of bio-
logic modifiers to the chemotherapy category after 2013
(Supplemental Table A), but SMRs were slightly attenuated
when censored at second cancers (Supplemental Table B).

By latency

The increasing heart disease SMRs among patients treated
with chemotherapy alone and the decreasing SMRs among
patients treated with radiotherapy alone and chemotherapy
plus radiotherapy were also broadly similar by latency
period (<10, 10-19, 20 + years since diagnosis). Trends in
heart disease SMRs were significantly increasing for patients
treated with surgery only at 10+ years after diagnosis and
increasing for chemotherapy alone at 1019 years after diag-
nosis (Supplemental Table C).
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o o= E By breast cancer stage
~ = =8 2
o g Declining trends in heart disease SMRs were evident among
=]
N = all stages for radiotherapy alone and among localized
§ =] E and regional cancers for chemotherapy plus radiotherapy
53 = (Fig. 1). Conversely, trends for heart disease mortality sig-
.g % E g § g nificantly increased among women diagnosed with regional
S < n eS| s stage breast cancer who received chemotherapy alone with
o é an SMR of 0.90 (95%CI: 0.78, 1.04) from 1975-1979 to
.g 2= e % 1.00 (95%CI: 0.70, 1.37) in 2010-2016 (pyyenq =0.036).
2 = 23 =
— IS zx
= § % By age at breast cancer diagnosis
> — =
(=¥ o =]
E; 4 é There were significant declining trends in SMRs for heart
B > < . . .
g 22 28, ¢ disease among all age groups of patients that received chem-
é gl o ; ;l“ § 2 otherapy plus radiotherapy and radiotherapy alone (Fig. 2;
g Supplemental Table D). The greatest decline was observed
EAR & among the youngest survivors (18-49 years at diagnosis)
o~ ® =& = fl for women treated with chemotherapy plus radiotherapy
§§ \é (SMR of 2.95 [95%CI: 2.19, 3.89] from 1975-1979 to
R S 1.11 [95%CI: 0.59, 1.89] in 2010-2016, p,,..q<0.001) and
Q. — < trend
5 2 for women treated with radiotherapy alone (SMR of 2.35
<
N ~ g [95%CI: 2.02, 2.72] declined to 0.68 [95%CI: 0.19, 1.75]
g e . :
2 25| 8 for the same time period, py..,q <0.001). For surgery only,
= = @ oo a 2 there were increasing trends among women aged 18-59 and
S = vl R declining trends for older women.
«| sr5g|EF
= £ 2 Cumulative mortality of heart disease
3 2%
% i
e 50 Cumulative mortality analyses demonstrated the varying
La¥eN [
§3 - § 2, clinical burden of heart disease by calendar year of breast
o = B . . .
ia S8l 8 g cancer diagnosis and treatment type (Fig. 3). The 10-year
5 ;!/ . a E 2 g = cumulative mortality declined among survivors diagnosed
£ § from 1975-1984 to 2005-2016 treated with surgery only:
= 888| % 7.02% (95% CI: 6.80%, 7.23%) to 4.68% (95% CI: 4.39%,
9 g —§ 4.99%), and with radiotherapy alone: 6.35% (95% CI: 5.95%,
§ = s 6.77%) t0 2.94% (95% CI: 2.73%, 3.16%). For the same time
) ) eriod, the declines in cumulative mortality of heart disease
= = p y
_ 2 - g fl z were smaller for the chemotherapy alone group: 2.38% (95%
jg o § § g g3 5 CI: 2.09%, 2.70%) to 1.58% (95% CI: 1.38%, 1.79%), and for
F S o = .
8z < S X2 g é = the chemotherapy plus radiotherapy group: 1.78% (95% CI:
el § 1.40%, 2.24%) to 1.21% (95% CI: 1.08%, 1.79%).
<
° 5 =
2E o
28 g Discussion
T O
2% 3
ko] -
‘;.{ = é To our knowledge, this is the first descriptive study to pro-
S =1 gﬁ = vide a novel perspective on trends in heart disease mortal-
Q
E = Lo 24 g ity among US breast cancer survivors, accounting for heart
g _ﬂ§ " g § ; E g disease mortality rates in the general population, by treat-
~ B 2 25| 5 £ ment regimen over 42 years of follow-up. We observed a
-— %] 17 = o«
L 2 = 8 § é B 3 significant declining trend in heart disease mortality among
5]
[ SCEE|ER D breast cancer survivors compared to the general population
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Fig. 1 Trends in heart disease SMRs among breast cancer survivors by stage at cancer diagnosis and treatment type. SMR standardized mortality

ratios

by calendar year of diagnosis, overall and for breast can-
cer survivors treated with radiotherapy alone. The greatest
declines were observed among younger survivors treated
with radiotherapy. In contrast, we observed an increasing
trend in heart disease mortality for regional stage patients
treated with chemotherapy alone.

Several studies have reported increased risk of death
due to heart disease among US breast cancer survivors
[8, 18-21]. Yet, to date, only two studies have described
patterns of heart disease mortality among breast cancer
survivors compared to the general population, and these
did not evaluate the trends according to treatment group
[22, 23]. Weberpals and colleagues studied patients treated
more recently (2000-2011) and reported a lower risk of
heart disease deaths among breast cancer survivors treated
with chemotherapy or radiotherapy compared to the gen-
eral population (SMR =0.84 [95% 0.79, 0.90]) [23]. Our
study adds to the literature by describing the long-term
trends which demonstrates the likely impact of treatment

changes with higher SMRs in the early years, especially
between 1975 and 1984 when heart disease mortality was
elevated compared to the general population. Sturgeon
et al. assessed overall cardiovascular disease (CVD)—and
specific CVD disease mortality among 28 cancer types
diagnosed between 1973 and 2012. Patients diagnosed
with breast cancer were among six cancer sites with a
larger proportion of CVD deaths which increased by cal-
endar year of diagnosis, but the study did not examine
SMRs by treatment group [22].

Overall, breast cancer survivors in the US had a lower
risk of heart disease mortality compared to the general
population. This lower risk in heart disease SMRs may par-
tially be explained by the healthy screenee bias [24], where
some patients have heightened medical surveillance after
breast cancer diagnosis and better healthcare access, and the
increasing awareness of cardiovascular risk factors among
healthcare providers and patients. Additionally, breast can-
cer survivors may be more likely to die of breast cancer in

@ Springer



618

Breast Cancer Research and Treatment (2022) 192:611-622

Surgery Alone

o 18-49 years, pyeng=0.018
= 50-59 years, pyeng=0.03

051 60-84 years, pyeng=0.039

Heart Disease SMR
o
=
"l
i
2
H—
— g
——

0.254

T 1 T 1 T 1
& 3 > 3 g

. L & P «.,"& &

ISR N

O G

Calendar Year of Diagnosis

Chemotherapy plus Radiotherapy

N
N
2
[ § ‘\\\ l
4
z T
s | LN 1]
o 1 S —~< =+
2 [T N
g T - i o 18-49 years, Pyeng<0.001
© 50-59 years, pieng<0.001
© 1
£ 0> 60-84 years, pieng<0.001
0.25-
L] L] T T T T T
> > > ©
& F ,@@ & @q‘” N ’19& o
O & & N F & &Y
O R S O S )

Calendar Year of Diagnosis

Chemotherapy Alone
4
2
14
H i
2 1_71 i I A
—— i
] — o
: 1 i
g l o 18-49 years, pyenq=0.68
< = 50-59 years, pyeng=0.12
3" 60-84 years, pyeng=0.14
0.25+
T T T T T T T
) > > Y 3 o o
& ",;b :\‘gb & 39‘) w@ £1«°° :19»\
E S U N
N’ N N’ N N’ A L) v
C dar Year of Diag
Radiotherapy Alone
4
3
IN
2=
I \\T‘
b
x ENGU
2 1
3
g o~ 18-49 years, pyeng<0.001
% is 50-59 years, pieng<0.001
£ 7 60-84 years, pyeng<0.001
0.25+
T
RS
P
RN

Calendar Year of Di

g

Fig.2 Heart disease SMRs by calendar year of diagnosis, age at diagnosis, and treatment type. SMR standardized mortality ratios

the first several years after diagnosis [18, 19], which we
then accounted for in the cumulative mortality analyses.
By examining stratified SMRs for heart disease, our study
revealed differences by treatment type and elevated heart
disease mortality compared to the general population in
selected time periods.

Our finding of a declining trend in heart disease mor-
tality among breast cancer survivors treated with radio-
therapy is consistent with the changes in treatment practice.
With increasing awareness of cardiotoxicity over time, as
evidenced with development of clinical guidelines [7, 15,
25], there have been advances in cardioprotection strategies
to minimize potential heart damage including positioning
patients to displace heart during radiotherapy administration,
more precise radiotherapy using imaging and brachytherapy,
and alternative radiotherapy options (i.e., proton therapy)
with potentially lower heart disease risk [14]. Because of
proximity to the heart, left breast radiotherapy has a higher

@ Springer

risk of heart disease compared to the right breast [10]. We
observed a greater declining trend among left breast radi-
otherapy in the early years when radiotherapy techniques
delivered higher doses to the heart. Modern radiotherapy
techniques to reduce exposure to the heart likely contrib-
uted to similar heart disease SMRs by laterality after 1990.
Results for the women treated with radiotherapy most
recently should be interpreted cautiously because with
shorter follow-up, cardiotoxicity may not yet be apparent.
The increase in heart disease mortality after chemother-
apy alone among regional stage breast cancer survivors are
likely driven by changing treatment patterns [11, 26], includ-
ing increasing trastuzumab uptake. Trastuzumab received
initial Federal Drug Administration (FDA) approval in 1998
and subsequent FDA approval for adjuvant treatment of
HERZ2-positive node-positive breast cancers in 2006 [27].
HER2-positive breast cancers comprise of nearly 15% of
breast cancer diagnoses [1], and the American Society of
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Fig.3 Cumulative mortality for heart disease among breast cancer survivors, by treatment type and calendar year of diagnosis

Clinical Oncology recommends trastuzumab for all women
with HER2-positive node-positive cancers [28, 29]. Trastu-
zumab is associated with declines in cardiac function (meas-
ured via left ventricular ejection fraction) and when used
sequentially with anthracyclines, the risk of heart disease
is exponentially greater [6, 15, 20]. Trastuzumab without
anthracyclines has not demonstrated long-term increased
heart disease risk in early breast cancer clinical trials [30].
While there is evidence of declining anthracycline use in
breast cancer treatment [11], this relatively recent change is
unlikely to have impacted patterns of heart disease mortality.
Additionally, changing patterns in staging definitions, cancer
treatment regimens, use of neoadjuvant chemotherapy, and
inclusion of gene expression panels (e.g., Oncotype DX)
to assess recurrence and guide treatment decisions [1] can
affect trends in heart disease mortality. These variables are
unavailable in the SEER database or for the entire study
period, but we attempted to account for time period changes
by stratifying by year of breast cancer diagnosis. Specifi-
cally, we estimated cumulative mortality by calendar period
of diagnosis to account for changes in treatments. Future

research into detailed cancer treatment data and associations
with cardiotoxicity are warranted to explore these trends.
Our results demonstrated women treated with surgery
only who were aged 18-59 at breast cancer diagnosis have
an increasing trend in heart disease compared to the general
population but declining for women aged 60—84 years. The
etiology is unclear for contrasting heart disease trends for the
surgery only group by age. The surgery only treatment group
largely consisted of older women, and advancing age is a
shared risk factor for both breast cancer and heart disease
[7]. Potential under-reported treatment (e.g., chemotherapy
or radiotherapy) among the surgery only group may misclas-
sify some women, as women diagnosed with advanced can-
cers may likely receive additional treatment beyond surgery.
A strength of this study is the large size of the population-
based cohort and long-term follow-up. Our study has several
limitations due to its registry-based design including lack
of information on traditional cardiovascular disease risk
factors (e.g., hypertension, diabetes, dyslipidemia), subse-
quent treatment, specific chemotherapy treatment agents,
and potentially under-reported initial treatment. However,
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a previous report describe the sensitivity of chemotherapy
and radiotherapy within SEER to be moderate (69% and
80%, respectively), and the positive predictive value high
(91% and 98%, respectively) for breast cancer [31]. Further,
we were not able to evaluate SMRs by breast cancer sub-
type (estrogen receptor, progesterone receptor, and human
epidermal growth factor receptor 2 status) or by hormone
therapy use since these data were not available consistently
throughout our follow-up.

Characterizing heart disease mortality among breast can-
cer survivors is an important step in the context of cardio-
oncology care and research. Breast cancer survivors are the
largest group of cancer survivors, and maintaining optimal
cardiovascular health is crucial as they are living many
years post diagnosis and are at increased risk due to cancer
treatment risk factors and mutual cancer and cardiovascular
disease risk factors [1, 7, 21]. These mutual lifestyle and
behavior risk factors include diet, obesity, physical activity,
and smoking are associated with both the development of
heart disease and breast cancer [7]. Independently, manage-
ment of these risk factors can reduce breast cancer recur-
rence and prevent heart disease [32, 33]. While the SEER
database lacks individual-level heart disease risk factors, the
presented SMR analyses accounted for the declining heart
disease mortality rates in the general population [34] reflect-
ing changes in risk factors and treatment for heart disease.
Studies and interventions to quantify and reduce risk factors
for primordial heart disease prevention [33] among breast
cancer survivors are an essential step.

Though we observed declining heart disease SMRs
among breast cancer survivors treated with radiotherapy, it
is important not to lose sight of this progress, as the associa-
tion of heart disease still exists with radiotherapy use [8].
Clinical guidelines were developed for breast cancer sur-
vivors to recommend cardiovascular screening and assess-
ment of cardiac function via cardiac magnetic resonance
imaging (cMRI) or echocardiograms before treatment with
anthracyclines, and before and during treatment when used
sequentially with trastuzumab [7, 15, 25, 35]. Yet guide-
lines only recently included recommendations for cardiac
screening of high risk patients who received anthracyclines
within 1 year of completion of treatment and do not have
long-term guidelines for cardiac screening [15]. Studies have
demonstrated late effects of cardiotoxicity from cancer treat-
ment [18], in line with our increasing heart disease SMRs
among regional stage breast cancer patients who received
chemotherapy alone. Research detailing consequences of
late occurring cardiotoxicity and the effects of screening on
long-term reduction of heart disease risk are lacking.

In addition to screening recommendations, recent studies
and current trials are examining the effectiveness of phar-
macological cardiotoxicity prevention using angiotensin-
converting enzyme (ACE) inhibitors, beta blockers, and
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statins, which can protect against declines in cardiac func-
tion [36, 37]. Their common use in the general population,
combined with their potential for safe and effective use with
known cardiotoxic treatment, may allow for cardiac protec-
tion while not compromising breast cancer survival. With
the available data, clinical implications from this study fur-
ther support inclusion of cardiovascular management and
discussions of potential cardiotoxicity before, during, and
throughout cancer survivorship. Clinical care should be indi-
vidualized to the patient; however, it is essential to provide
patient care concordant with clinical recommendations to
ensure appropriate cardiovascular screenings are obtained
(e.g., cMRI and echocardiograms) for breast cancer survi-
vors receiving cardiotoxic cancer treatment.

In conclusion, we found that heart disease mortality
among US breast cancer survivors has declined compared
to the general population, overall and among patients treated
with radiotherapy, but has increased among regional stage
patients treated with chemotherapy. Further work is needed
to understand specific chemotherapy agents that contrib-
ute to heart disease and to reduce the heart disease burden
among breast cancer survivors.
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