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EDITORIAL COMMENT
What Cardio-Oncology Lessons Can We
Learn From Population-Based Data?*

Harry Klimis, MBBS, PHD,a Som D. Mukherjee, MD,b Darryl P. Leong, MBBS, MPH, M.BIOSTAT, PHDa
T he maturation of administrative data—
collected over the past few decades thanks
to major advances in data collection pro-

cesses and storage—has led to a rapid growth of ana-
lyses in which “big,” “real-world” data are mined
for epidemiologic associations. In this issue of
JACC: CardioOncology, Bertero et al1 present their
findings from an analysis of administrative data
from Puglia, Italy, in which adults at least 50 years
of age with heart failure were matched to control sub-
jects without heart failure to investigate the link be-
tween heart failure and the risk of developing
cancer.1 The study authors concluded that heart fail-
ure patients are at increased risk of incident cancer
(including both solid organ and hematologic malig-
nancies) and cancer mortality. To determine what
can be robustly inferred from this finding and from
analyses of big real-world data more broadly, one
must carefully consider the limitations of administra-
tive data.2

The first limitation is unmeasured confounding.
Key known cancer-causing exposures, such as
obesity, heavy alcohol consumption, smoking, poor
diet quality, physical inactivity, and occupational risk
factors,3 are not captured in administrative data.
These exposures are also important risk factors for
heart failure, or coronary artery disease that could
lead to heart failure. Therefore, the extent to which
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these risk factors could be confounding the associa-
tion between heart failure and cancer risk cannot be
accurately determined given the lack of information
on several key cancer risk factors.

The second limitation is selection of control sub-
jects. Any association identified in an observational
matched study can be driven by the control subjects
equally as by the cases. The authors should be com-
mended for matching on the data available to them as
best as possible. However, patients in the health care
system (for reasons other than heart failure) will
include individuals who highly value their health,
whereby their health care system encounter is part of
general health maintenance, rather than because of
severe illness, in the same way that some bring their
cars to a mechanic to ensure that it runs well while
others bring their cars to a mechanic when it is failing.
This bias would increase any effects observed.

The third limitation is missing or unavailable data.
The authors acknowledge that they did not have ac-
cess to data on cancer therapies and thus could not
exclude the possibility that heart failure patients had
higher cancer mortality caused by less intensive
cancer therapy or different treatment goals (ie, palli-
ative vs curative intent) than patients without heart
failure.

Acknowledging these limitations, what conclu-
sions can we confidently draw from the analysis of
Bertero et al? The clearest is that, whatever the
reason, patients with heart failure are at increased
risk of developing cancer and have a poorer prog-
nosis. The clinical implication of this finding is that
physicians treating patients with heart failure should
maintain a high index of suspicion that a previously
undiagnosed cancer may be responsible for unex-
plained symptoms and signs. Indeed, some clinical
features of heart failure, such as fatigue, dyspnea,
pleural effusions, and cachexia, can also be caused by
various malignancies, which could lead to undesir-
able delays in cancer diagnosis if not suspected.
https://doi.org/10.1016/j.jaccao.2021.12.001
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A natural hypothesis that arises from the present
analysis—one that the authors speculate on and cite
evidence to support—is that heart failure in and of
itself predisposes to cancer. When evaluating the
possibility of causal association in observational
data, the key principles described by Hill4 are
useful to methodically evaluate these inferences.

The first is strength of association. For cancer
incidence, the authors report an HR of 1.76. To put
this HR into context, the adjusted HR for current
smoking and lung cancer incidence has been reported
to be 19.12 (95% CI: 15.78-23.18) in men and 13.63 (95%
CI: 11.83-15.70) in women.5 Therefore, the HR of 1.76,
which notably is not adjusted for important cancer
determinants, is not strong enough to be confident of
a causal association.

The second is consistency of association. Epide-
miological and case-control studies evaluating the
association between heart failure and cancer inci-
dence have been inconsistent. Earlier reports found
an independent relationship with adjusted risk es-
timates ranging from 1.24 to 2.16,6-8 while more
recent reports have found no association after
multivariable adjustment.9,10 Therefore, there is
insufficient consistency of association to be confi-
dent of a causal role of heart failure in cancer
development.

The third is biological gradient (ie, a “dose-
response” relationship). The authors were not able to
assess heart failure severity directly; however, they
used the dose of loop diuretic agents as a surrogate
for heart failure severity. Cancer incidence and mor-
tality were higher in patients taking a high-dose loop
diuretic, although this finding was not consistent
across different cancer subtypes.

The fourth is biological plausibility. There is
interesting evidence demonstrating that myocardial
infarction leads to increased intestinal tumor burden
in genetically predisposed mice and that SERPINA3,
whose levels are higher in patients with heart failure,
can stimulate in vitro colon cancer cell proliferation.11

The present research is consistent epidemiologically
with these data. However, the authors found fairly
early divergence of cancer cumulative incidence
curves (which start to separate from around 1.5 to 2
years after a first heart failure presentation and are
statistically significantly divergent by 6 years). Given
that most causes of cancer in humans require many
years of exposure, it seems unlikely that heart failure
could be the major cause of cancer within a short time
frame. Rather, it would be more plausible that long-
standing exposures that are known causes of both
heart failure and cancer, such as obesity, confound
their association.

The fifth is experimental evidence. The gold
standard for establishing or refuting a causal rela-
tionship is the randomized clinical trial. While it is
not feasible to randomize individuals to heart failure
or not, some useful insights could come from posi-
tive heart failure therapy trials. In a recent system-
atic review of phase 3 trials involving participants
with heart failure with reduced left ventricular
ejection fraction, cancer mortality was reported in 15
(25%) of 61 trials (N ¼ 33,709) and accounted for 6%
to 14% of all deaths and 17% to 67% of non-
cardiovascular deaths.12 The pooled cancer mortality
rate was 0.58 (95% CI: 0.46-0.71) per 100-patient
years, and heart failure therapies did not reduce
cancer mortality, with a pooled odds ratio of 1.08
(95% CI: 0.92-1.28). Cancer incidence, however, was
not reported in these trials.

Taken altogether, we feel there is little evidence
that heart failure in and of itself causes cancer. More
generally, administrative data have important
strengths and limitations for cardio-oncology
research. Their strength lies in the large sample
sizes available and the large number of outcome
events. These are important in any new field of
clinical research, especially when absolute numbers
of patients with individual cancers or with cancer
therapy–related cardiotoxicity are modest. This
strength is particularly useful when evaluating the
rates of select outcomes that are well documented in
administrative datasets, such as deaths or hospitali-
zations. Their limitations have been described in part
in this editorial. It is important that researchers and
clinicians avoid overstating the effect sizes observed
in such data or drawing causal inferences from them.
It must be recognized that large sample sizes with
many outcome events do not address unmeasured
confounding, but as in all retrospective analyses,
they carry a risk of bias. Therefore, large sample
sizes, which decrease CIs surrounding estimates,
have the potential to lead to estimates that are very
precisely biased. Thus, while further research into
the factors underlying the association between heart
failure and cancer incidence reported may be inter-
esting, based on the present data, we cannot yet
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conclude that heart failure in and of itself causes
cancer.
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