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Abstract

Cancer treatment-related cardiotoxicity (ie, heart failure, coronary artery disease, vascular diseases, arrhythmia) is a growing
cancer survivorship concern within oncology practice; heart disease is the leading cause of noncancer death in cancer survi-
vors and surpasses cancer as the leading cause of death for some cancers with higher survival rates. The issue of cardiotoxic-
ity introduces a critical tradeoff that must be acknowledged and reconciled in clinical oncology practice: treating cancer ag-
gressively and effectively in the present vs preventing future cardiotoxicity. Although many cancers must be treated as
aggressively as possible, for others, multiple treatment options are available. Yet even when effective and less cardiotoxic
treatments are available, they are not always chosen. Wariness to choose equally effective but less cardiotoxic treatment
options may result in part from providers’ and patients’ reliance on “cognitive heuristics,” or mental shortcuts that people
(including, research shows, medical professionals) use to simplify complex judgments. These heuristics include delay dis-
counting, availability and affect heuristics, and default bias. In the current commentary, we describe relevant research that
illuminates how use of heuristics leads to biased medical decision making and translate how this research may apply when
the tradeoff between aggressive cancer treatment and preventing future cardiotoxicity is considered. We discuss the implica-
tions of these biases in oncology practice, offer potential solutions to reduce bias, and call for future research in this area.

Cancer treatment-related cardiotoxicity (or cardiovascular tox-
icity, ie, heart failure, coronary artery disease, vascular diseases,
arrhythmia) is a growing cancer survivorship concern within
oncology practice. Though advances in cancer treatment have
contributed to improved cancer-specific survival rates over the
past several decades (1-3), these improvements often involve a
cost: adverse effects of cancer treatment, including cardiovas-
cular side effects or cardiotoxicity from some treatments.
Cardiotoxicity can affect patients acutely (during treatment) or
late (years after completion of treatment), causing substantial
declines in quality of life and increases in cardiovascular mor-
bidity and mortality. Treatments with well documented risk of
cardiotoxicity include anthracyclines (eg, doxorubicin, epirubi-
cin), radiation to the chest wall, and trastuzumab (4). Using
these cardiotoxic treatments in combination can increase risk
considerably. Notably, heart disease is the leading cause of

noncancer death in cancer survivors and has begun to approach
or surpass cancer as the leading cause of death for some can-
cers with higher survival rates (5).

Accumulating evidence shows that anthracycline-induced
cardiotoxicity affects nearly 6% to 18% (6) of patients and can be
seen up to 40 years after treatment completion (7). Heart disease
risk increases with greater cumulative lifetime dose of anthra-
cyclines (8). Further, the risk of heart disease increases when
anthracyclines are used concomitantly with trastuzumab or ra-
diation (4). Heart disease resulting from radiation therapy is of-
ten seen 5 years after treatment completion and increases
linearly with mean radiation doses to the heart (9). Although
cardiotoxicity may occur acutely, it is important to note the im-
pact of late effects that arise long after treatment has ended.

Risk of cardiotoxicity introduces a critical tradeoff that must
be acknowledged and reconciled in oncology practice: treating
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cancer aggressively and effectively in the present vs preventing
cardiotoxicity in the future. Although many cancers must be
treated as aggressively as possible, often including the use of
potentially cardiotoxic treatments, for others, multiple treat-
ment options can be effective.

For example, early-stage, HER2-negative breast cancer
patients may receive either: 1) doxorubicin or epirubicin and cy-
clophosphamide [AC], or 2) docetaxel and cyclophosphamide
[TC]. Recent trials have demonstrated only marginal improve-
ment (10) or no difference (11) in breast cancer survival with AC
vs TC, which is important because AC carries substantial in-
creased risk of cardiotoxicity compared with TC. As another ex-
ample, for early-stage, HER2-positive, lymph node–positive
breast cancers, adjuvant treatment may consist of: 1) doxorubi-
cin, cyclophosphamide, paclitaxel, trastuzumab, and pertuzu-
mab [AC-THP]; or 2) docetaxel, carboplatin, trastuzumab, and
pertuzumab [TCHP]. Recent studies demonstrated no difference
in breast cancer survival rates by inclusion of anthracyclines
(12–14), but AC-THP has a substantially higher risk of cardiotox-
icity due to the combination of anthracyclines with trastuzu-
mab (15,16). Because both regimens contain trastuzumab, a
targeted therapy aimed at inhibiting the HER2 receptor, a less
cardiotoxic option would be selecting TCHP and thereby remov-
ing the additional risk of cardiotoxicity due to anthracyclines.
Of course, breast cancer is a heterogenous disease, and avoiding
cardiotoxic treatments in certain cases is not possible (eg,
triple-negative breast cancer) (17). However, when the opportu-
nity is available, selecting a less or noncardiotoxic option would
minimize cardiotoxicity risk later.

Additionally, treatment of favorable-prognosis, early-stage
Hodgkin lymphoma typically involves either: 1) doxorubicin,
bleomycin, vinblastine, dacarbazine [ABVD] chemotherapy fol-
lowed by chest radiation; or 2) ABVD alone. Although radiation
after ABVD has demonstrated benefits for disease-specific sur-
vival, these benefits may be offset by delayed cardiotoxic effects
(18) (up to 20 years after radiation) (19), the risk for which is
greater when radiation is combined with anthracycline chemo-
therapy (19–21). Here, omitting chest radiation is an option to
minimize the risk of delayed cardiotoxicity.

Factors at multiple levels of the health-care system can af-
fect cancer treatment choices, including treatment availability,
cost, insurance coverage, and clinical guidelines. Yet, critically
for the purposes of this commentary, there is also a “human
factor” in the decision-making process; typically, the oncologist
presents the patient with multiple treatment options, risks and
benefits of each are discussed, and a decision is reached over
which treatment to ultimately proceed with (22–24). Within this
decision-making process, oncologists and patients alike may be
wary of forgoing use of aggressive yet cardiotoxic cancer treat-
ments, even when other evidence-based treatments are avail-
able, as evidenced by the continued use of cardiotoxic therapies
in cases such as the examples described above. We propose
that this wariness may result in part from reliance on “cognitive
heuristics,” or mental shortcuts that people use to simplify
complex judgments (25). Certain heuristics are known to affect
provider and patient medical decision making (26) and are par-
ticularly relevant to the features of this particular tradeoff.
These include: 1) delay discounting, 2) availability and affect
heuristics, and 3) default bias. Reliance on heuristics is often
adaptive in that they allow for quick, efficient decision making
and often lead to advantageous outcomes. However, there is a
wide literature base demonstrating that reliance on heuristics
can, in some circumstances, lead to biased decision making, in-
cluding among physicians (27–30). Moreover, in some contexts,

experts may be even more susceptible to decision-making
biases than novice decision makers (31). Translating estab-
lished, empirical research on these biases to help understand
tradeoff decisions involving cardiotoxic cancer treatments can
help guide more informed decisions in this context.
Importantly, even decisions influenced by complex, multilevel
factors can be improved when efforts are made to reduce reli-
ance on cognitive heuristics (32–34). Below, we review the deci-
sion science literature to identify principles that should be
taken into account when informing optimal decision making in
this context.

Delay Discounting Bias

Individuals tend to favor immediate over delayed outcomes (35)
when given such an “intertemporal choice”—a bias termed
“delay discounting.” Deciding whether to prescribe or use can-
cer treatments known to have late-onset cardiotoxic effects is a
classic example of intertemporal choice (ie, choosing the imme-
diate outcome of aggressively treating cancer now to reduce a
health risk in the present vs the delayed outcome of preventing
cardiotoxicity to reduce a health risk in the future).
Conceptualizing the reduction of a health risk as an outcome
that can be traded off over time may be somewhat counterintui-
tive compared with something tangible, such as money, be-
cause individuals cannot guarantee good health in either the
present or future—they can only influence the probability of be-
ing in good health. That said, individuals still demonstrate
present-time biases for health tradeoffs as they do with tangible
monetary rewards (36).

The tendency to overvalue present outcomes is exacerbated
when the time delay between present and future outcomes is
larger and when present outcomes are seen as equivalent or
greater than future outcomes but can occur even when future
gains severely outweigh present gains (35). Moreover, some
individuals are more susceptible to this bias than others. These
individual differences in preferences for immediate vs delayed
outcomes may predict cancer treatment preferences of patients
(37) and clinical decisions by providers (38,39). Additionally,
people have difficulty imagining how they will feel in the future
in response to an affectively laden event they are not experienc-
ing in the present (deemed the “hot-cold empathy gap”) (40).
This may exacerbate delay discounting in this context, because
patients and providers are unlikely to be able to fully imagine
how they would feel in the future if today’s cancer treatment
were to create cardiotoxic late effects.

Although it is an understandable human desire to fix an im-
mediate problem now and delay consideration of the conse-
quences of that decision until necessary, given the clear
evidence regarding the prevalence and seriousness of cardio-
toxic late effects of certain cancer treatments, oncology pro-
viders should be aware of delay discounting bias when making
treatment decisions.

Availability and Affect Heuristics

Despite the fact that heart disease is more common than can-
cer, approximately one-half of Americans believe that cancer is
more common than heart disease, and nearly 80% believe their
own risk of cancer is higher than or equal to their risk of heart
disease (41). Individuals also tend to report believing cancer is a
more common cause of death than heart disease (42). This is
important because risk perceptions are a key predictor in
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models of medical decision making (43), and if individuals have
inaccurate perceptions about the risk of heart disease compared
with cancer, they are unlikely to take steps to mitigate that risk.
Several potential explanations may contribute to inaccurate
risk perceptions for heart disease vs cancer. One is the
“availability heuristic,” through which people judge outcomes
as more likely if they are able to retrieve greater instances of
that outcome from memory (44). Media coverage of celebrity
cancer deaths and exposure to awareness campaigns may con-
tribute to incorrect public perceptions that cancer risk is higher
than heart disease risk (45). Also underlying these imbalanced
risk perceptions is the “affect heuristic”; people use their emo-
tions to inform their judgments of personal susceptibility, and
cancer is considered a uniquely frightening disease (46,47).

Although one might expect that medical professionals
would be less susceptible to biased risk perceptions, research
suggests otherwise (48). Moreover, medical oncologists who are
exposed daily to the reality of a cancer diagnosis think of heart
disease risk comparatively less often, which could exacerbate
availability biases related to cancer as well as reduce affective
risk perceptions for heart disease. These biased comparative
risk perceptions could cause imbalances in the way providers
weight the potential of cardiotoxic late effects with their per-
ception of the need to eradicate cancer as aggressively as possi-
ble. The fact that oncology providers consider delayed
consequences pertaining to cancer (eg, prescribing adjuvant
hormonal therapy to women with early-stage breast cancer to
reduce the risk of cancer recurrence) but often do not extend
the same logic to cardiotoxicity suggests that there is indeed
some degree of imbalance in the way that cancer vs heart dis-
ease risks influence decision making.

Similarly, biased comparative risk perceptions among
patients may render them less receptive to less aggressive (but
perhaps similarly effective and less cardiotoxic) therapies and
bias how they communicate such preferences with their pro-
viders. In line with this assertion, a recent study found that
healthy participants were more willing to use a hypothetical
medication that reduced cancer risk and increased heart dis-
ease risk than if that medication reduced heart disease risk and
increased cancer risk by the same amount (49). Although this
decision was hypothetical, it nonetheless sheds light on the
very real potential that biased risk perceptions could be conse-
quential for patient decisions.

Availability bias can affect medical decision making in con-
sequential ways outside of risk perceptions. For example, when
asked to provide primary treatment recommendations for a
prostate cancer case scenario, radiation oncologists and urolo-
gists were more likely to recommend primary treatments that
favored their specialty and to report believing treatment in line
with their specialty would lead to better quality of life for the
patient (29). These findings are likely due in part to availability
bias, and it is reasonable to think that specialty bias could also
apply to clinical oncologists without overlapping expertise in
cardiology. In fact, a recent survey of cardiologists and oncolo-
gists found that cardiologists were much more likely than
oncologists (55.8% vs 12.5%) to believe it was important to moni-
tor cancer patients for cardiotoxicity even in the absence of
signs or symptoms, suggesting that specialty bias likely does
play a role in clinical decision making in this context (50).

Thus, biases resulting from overreliance on availability or af-
fect heuristics may implicitly or explicitly affect tradeoffs guid-
ing treatment decisions in oncology.

Default Bias

When individuals make choices that involve a default option,
they are much more likely to choose to maintain the status
quo (51), including among physicians and for consequential
medical decisions (termed default bias or status quo bias)
(52). Individuals likely gravitate toward default options because
defaults are viewed as normatively preferred and because devi-
ating from the default involves effort and increased personal re-
sponsibility (53). Cardiotoxic treatments can be conceptualized
as the default treatment option for several cancers; anthracy-
clines have been a critical element of many chemotherapy regi-
mens since the 1980s (54) and radiation therapy for longer.

Thus, wariness towards less cardiotoxic treatment alterna-
tives may reflect providers’ resistance to change (54) and prefer-
ences to support existing default or status quo options. This
desire is also likely to be transferred to the patient; patients are
much more likely to choose the option presented to them by
their provider as the default (55). Moreover, default bias
becomes stronger in medical decisions when more alternatives
are added to the set of choices (52). As such, default bias may be
increasingly relevant as new alternatives to cardiotoxic regi-
mens become available (27). Thus, when effective alternatives
to treatments with risk of cardiotoxicity exist, it may be prudent
for those options to be widely endorsed by the oncology com-
munity as the default (a shift in default treatment options may
already be occurring in some cases, evidenced by declining use
of anthracyclines over time for certain cancers) (56).

Practical Implications

Clinical Guidelines for Preventing Cardiotoxicity:
Increasing Awareness and Adherence

The oncology community has begun to reckon with the trade-
offs involved in treatment decision making when cardiotoxicity
risk is involved (57), yet there are limited data to support deci-
sion making at this point of care. Considering how best to make
these tradeoffs is of growing importance in clinical oncology
practice. For example, increasing awareness of treatment-
related cardiotoxicity has contributed to the development of
clinical guidelines, which can serve 2 purposes: 1) increasing
awareness of cardiotoxicity among oncologists and patients to
facilitate treatment decision making regarding potential cardio-
toxic risk; or 2) in the case where the more cardiotoxic treat-
ment option is necessary, facilitating the care and management
of patients who receive cardiotoxic treatment.

In 2017, the American Society of Clinical Oncology (ASCO) re-
leased clinical practice guidelines as one of the first organizations
to address how to care and manage cardiovascular disease spe-
cifically related to cancer treatment. Recommendations include
identifying patients at high risk by treatment type: 1) high-dose
anthracyclines, 2) high-dose radiation, 3) combination of lower-
dose anthracycline with lower-dose radiation, 4) trastuzumab
with anthracycline, and 5) anthracycline or trastuzumab with
preexisting cardiovascular risk factors (58). Critically, ASCO rec-
ommends avoiding or minimizing use of cardiotoxic treatments
if alternatives exist that do not affect cancer-specific outcomes.
Another recommended strategy to minimize risk of cardiotoxic-
ity includes limiting lifetime cumulative dose of anthracyclines
(doxorubicin 400 mg/m2, epirubicin 600 mg/m2) due to increasing
cardiotoxicity risk with higher doses.
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In situations where cardiotoxic cancer treatment outweighs
alternatives and must be used, it is important to manage the
patient’s cardiovascular disease risk. At diagnosis, it is crucial to
assess and manage preexisting cardiovascular risk factors, in-
cluding smoking, hypertension, dyslipidemia, obesity, and dia-
betes. When administering chest radiation, clinicians should
use the lowest effective radiation dose and use precise therapy
to limit exposure to the heart (eg, deep breath hold to shift the
heart out of the radiation field and intensity-modulated radia-
tion). Before, during, and after treatment, oncologists should
collaborate with cardiologists or cardio-oncologists to ensure
appropriate monitoring of cardiac function in high-risk patients.
Importantly, some of the biases we discuss above in relation to
the treatment decision-making process (eg, inaccurate risk per-
ceptions for heart disease) may also partially explain poor ad-
herence to guidelines for monitoring cardiac function in
patients treated with cardiotoxic treatments (59,60).

Lastly, 2 other frameworks are available to increase under-
standing and knowledge of cardiotoxicity risk. The National
Comprehensive Cancer Network has a framework for assessing
risk of cardiotoxicity in patients who have received anthracycline
therapy. Incorporating the framework into electronic health
records to prepopulate risk or management strategies could be
an option to minimize long-term effects (57). Another strategy is
the development of the ABCDE steps to prevent heart disease in
breast cancer patients (61). This tool could increase awareness
for both oncology providers and patients to understand risk
factors and cardiovascular symptoms through an acronym:
awareness of risks for heart disease, aspirin, blood pressure,
cholesterol, cigarette and tobacco cessation, diet and weight
management, dose of chemotherapy, diabetes management,
exercise, and echocardiogram. Providers also should assess
patients’ understanding and perception of cardiovascular disease
severity and potential side effects (ie, shortness of breath, fatigue,
swelling) (4), keeping in mind that patients’ existing perceptions
are likely affected by the biased processes we discuss in this
commentary, including inaccurate risk perceptions for heart dis-
ease vs cancer that stem from affect and availability heuristics.

Despite recent development of guidelines and evidence that
early detection and intervention can mitigate cardiac damage
from cancer treatment, in a recent study, only 65% of oncolo-
gists reported that they refer to clinical guidelines for decision
making and only 12% of oncologists believe that cardiotoxicity
should be monitored in asymptomatic patients (50). Therefore,
ensuring awareness of clinical guidelines and using multidisci-
plinary collaboration is important to provide holistic care of the
cancer patient. Moreover, the growing field of cardio-oncology,
which is made up of experts and providers who are well versed
in the intersection of oncology and cardiology, is well positioned
to address these issues. Such providers are less likely to demon-
strate biases in favor of treating cancer at the cost of cardiac
health and may be able to provide more objective guidance for
high-risk patients. Unfortunately, cardio-oncology clinics are
currently concentrated in large academic centers but are not
prevalent in community cancer centers, which is likely to exac-
erbate disparities until these clinics can reach a wider group of
patient populations.

Long-term survival of cancer survivors highlights the need
for care beyond oncology. Primary care providers are uniquely
positioned to provide long-term continuity of care (62). Primary
care providers can monitor cardiovascular risk factors, obtain
cardiovascular monitoring as indicated based on treatment, and
facilitate patients’ uptake of healthy lifestyle recommendations
to reduce modifiable cardiovascular risk factors (63). Yet

primary care providers must be made aware of and acknowl-
edge the potential cardiotoxic effects of cancer treatment. In
2016, Runowicz and colleagues (62) published breast cancer sur-
vivorship guidelines on behalf of the American Cancer Society
and ASCO to provide recommendations for primary care clini-
cians. Successful multidisciplinary collaboration between
oncologists, cardiologists and cardio-oncologists, and primary
care providers can help mitigate late- and long-term cardiovas-
cular effects of cancer treatment.

Opportunities for Decision Science to Inform Clinical
Practice

As we have highlighted in this commentary, decision-making
biases are consequential in medical decision making and may
implicitly or explicitly contribute to providers’ and patients’ re-
sistance to limiting use of certain cancer treatments despite evi-
dence of their cardiotoxic effects. Although there are situations
in which such treatments are necessary, when effective noncar-
diotoxic alternative treatments are available, yet not chosen, we
suggest that clinical oncology practitioners consider how these
decision-making biases play a role in such decisions and at-
tempt to counter any unnecessary bias. Importantly, people
may be more likely to use heuristics with outgroup (eg, those
outside one’s racial, ethnic, sex, or nationality group) compared
with ingroup members (64), so these biases may exacerbate
health inequities in cardiovascular outcomes among cancer
survivors (65).

Given how these biases might lead to challenges in
cardiotoxicity-related decision making, what can be done to
guide patients and providers toward better choices? An early
step is educating the medical oncology community about
biases, which we have attempted to initiate in this commentary
and which has been shown to improve doctors’ decision making
in certain contexts (27). Importantly, research suggests that
physician motivations are likely to (implicitly or explicitly) drive
shared decision making for cancer treatments more so than pa-
tient motivations and preferences (66–68). Further, patients of-
ten rely on providers to qualitatively interpret numerical risk
estimates for them; that is, if the risk of a side effect for a medi-
cation is 10%, patients will typically turn to their provider’s in-
terpretation when deciding whether a numerically represented
risk estimate is “high” or “low” (69). Thus, it is the role of the
provider to transparently discuss risks and benefits of treat-
ment options when relevant, help patients make meaningful
interpretations of risk estimates, ensure their comprehension,
and allow patients to take time to absorb complex information
before coming to a decision. Taking care to clearly explain (and
not downplay) risks of cardiotoxicity to patients may be critical.

However, education about biases only improves decision
making to a degree (32). Unfortunately, there is currently a lack
of high-quality interventions that attempt to formally reduce
cognitive biases among providers (70). Nevertheless, decision
science research suggests some additional potential solutions,
including the use of cognitive strategies to reduce bias (32).
Interventions that help individuals better predict how they will
react to a future decision can reduce the hot-cold empathy gap
that is involved in delay discounting errors (71). Delay discount-
ing may be mitigated in other ways, for example, through help-
ing individuals orient their attention to the future (72). Findings
such as this might be translated to clinical practice through
prompting patients to consider how the treatment decisions
they make will affect them both in the short term (eg, 1-5 years)
and long term (eg, 10 or 20 years from now), and similarly,
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through prompting clinicians to focus more attention onto
long-term consequences of treatment decisions for their
patients in addition to shorter-term consequences (73).
Mindfulness-based interventions, which have wide-ranging
benefits for cancer survivors outside of the treatment decision
making context (74,75), may also help to reduce delay discount-
ing bias, as reported in a systematic review (73).

With regard to reduction of bias caused by the availability
and affect heuristics, 1 solution is through the use of evidence-
based methods of risk communication to characterize the risk of
cancer vs cardiotoxicity risks of different treatment options. For
example, decision aids are commonly used in the field to sup-
port shared decision making in cancer care. However, we caution
that the majority of studied decision aids have been developed
without specific grounding theories in decision science, which
may explain their mixed effects on health-related outcomes (76).
Moving forward, knowledge about biases should be incorporated
when developing shared treatment decision-making tools, and
empirically supported strategies to combat these biases should
be used. For example, risks surrounding cancer treatments can
be better understood if they are communicated using evidence-
based methods, such as through the use of pictographs (77).

Finally, the power of defaults can be harnessed positively by
the medical oncology community by ensuring that the most car-
diotoxic treatments are not perceived as the default option if
there is a reasonable, less cardiotoxic alternative and instead
shifting the default toward treatment options that are less cardi-
otoxic or noncardiotoxic (53). Such a shift is less about individual-
level communication on part of the provider and more of a shift
at the systemic level, which is also a critical approach to the
problem. Implementing the clinical practice guidelines surround-
ing cardiotoxicity that we discussed above is 1 way to begin a
broad shift in oncology toward the prevention of cardiotoxicity.

Summary

We have outlined how several well-researched judgment and
decision-making biases may affect clinical decisions related to
cancer treatments with cardiotoxic effects based on research in
other domains, medical or otherwise, which we expect should
generalize to this context. However, no current empirical re-
search that we know of has examined the extent to which these
or other biases may affect decision making in this specific con-
text, nor whether interventions to reduce cognitive biases may
improve outcomes in this domain. This topic is a critical avenue
for future research. Additionally, these processes likely general-
ize to decisions about other cancer treatments that involve tem-
poral tradeoffs. For example, treatment decision making
involves weighing immediate effectiveness of treatments with
other long-term risks and toxicities, including second cancers
or cognitive impairments (78). Similarly, cancer treatments that
may have reproductive effects involve a similar time-related
tradeoff, where individuals may have to weigh the benefits of
beginning cancer treatment immediately vs delaying cancer
treatment slightly to take measures to preserve long-term fertil-
ity in adolescent and young adult cancer survivors (79,80). In
sum, decision science can illuminate how clinical tradeoffs in
oncology are navigated and ultimately help survivors live
healthy and long lives after cancer.
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