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EDITORIAL COMMENT
Anthracycline Cardiotoxicity
Can CT Move Us Further?*
Umberto Campia, MD, MSC, Anju Nohria, MD, MSC
T he primary recognized mechanisms of
anthracycline cardiotoxicity include genera-
tion of reactive oxygen species and inhibi-

tion of topoisomerase 2b (1,2). However, in addition
to the cardiomyocyte-specific effects, anthracycline-
induced endothelial injury has also been postulated
to contribute to the pathogenesis of myocardial dam-
age (3). Doxorubicin induces endothelial cell
apoptosis in vitro (4) and causes rapid-onset endothe-
lial dysfunction in the brachial artery of patients un-
dergoing cancer treatment (5). The impact of
anthracycline-associated vascular toxicity is high-
lighted by the evidence that endothelial dysfunction
can be detected years after treatment (6), and its
persistence may contribute to the increased cardio-
vascular disease burden seen in cancer survivors (7).

A major obstacle to our understanding of the
vascular effects of anthracyclines on the human
heart has been the lack of noninvasive techniques
with which to investigate endothelial and smooth
muscle cell function. In this issue of JACC:
CardioOncology, Feher et al. (8) propose a novel
methodology for assessing vascular reactivity in
epicardial coronary arteries using coronary CT
angiography (CTA) and report their results using
this technique to assess vascular toxicity in a
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canine model of chronic doxorubicin administra-
tion. In a baseline study conducted in 16 dogs,
Feher et al. (8) assessed the reproducibility of
resting diameter measurements by CTA of the
proximal segments of the left anterior descending,
left circumflex, and right coronary arteries, as well
as the vasodilator responses to intravenous aden-
osine (ADE) and dobutamine (DOB) infusions. In
the treatment study, 8 of the 16 dogs received
weekly doxorubicin infusions (1 mg/kg) for 12 to
15 weeks. Vascular reactivity to ADE and DOB was
assessed by CTA when the animals had received
cumulative doxorubicin doses of 4-mg/kg, 8-mg/kg,
and 12-mg/kg, respectively. At the same timepoints,
a transthoracic echocardiogram with measurement
of left ventricular (LV) ejection fraction, LV vol-
umes, and 2-dimensional strain analysis was also
performed. In addition, to assess doxorubicin-
induced histopathologic changes, in 4 of the 8
treated dogs, LV endomyocardial biopsy specimens
were collected under fluoroscopy at cumulative
doxorubicin doses of 4-mg/kg and 8-mg/kg, and
pathologic myocardial specimens were harvested
after dogs were sacrificed at the end of the study.
Feher et al. (8) report that, in the baseline study,
the resting diameter measurements by CTA were
highly reproducible and that vasodilator responses
to ADE and DOB were measurable in all major
epicardial vessels, confirming the validity of the
technique. In the treatment study, coronary
vascular reactivity to ADE, but not to DOB, was
significantly reduced at a cumulative doxorubicin
dose of 4-mg/kg. However, statistically significant
vasodilator impairment was observed after infusion
of both agents at a cumulative dose of 8-mg/kg.
Among the echocardiographic parameters, global
longitudinal strain was significantly reduced start-
ing at a cumulative doxorubicin dose of 4-mg/kg,
whereas LVEF showed a significant decline only at
https://doi.org/10.1016/j.jaccao.2020.05.008
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the highest cumulative dose. Finally, histopatho-
logic examination showed the expected progression
of myocardial damage with increasing cumulative
dose.

The results of this study address 2 important
questions. First, can we use coronary CTA as a novel
noninvasive research tool for the assessment of the
effects of cancer treatments on coronary endothelial
function? The data reported by Feher et al. (8) suggest
that, in this dog model, the reproducibility of the
measurements is adequate and that appropriate
vasodilator responses may be triggered, whether they
are primarily endothelium dependent (ADE) or a
combination of endothelial and smooth muscle cell
stimulation (DOB). The potential applications of this
methodology are numerous and may include the
assessment of vascular toxicity of traditional and
targeted/novel cancer treatments, particularly those
associated with the vascular endothelial growth fac-
tor pathway and other small molecule tyrosine kinase
inhibitors (9), as well as the investigation of the po-
tential interactions between pre-existing cardiovas-
cular risk factors (e.g., hypertension, obesity, and
diabetes) and cancer treatments. Furthermore, it may
allow more in-depth evaluation of the vascular
pathways affected by a specific cancer treatment with
the use of selective pharmacologic tools (e.g., L-N-
monomethyl arginine for the nitric oxide pathway,
aspirin for cyclo-oxygenase–dependent synthesis of
vasoactive prostanoids, angiotensin receptor blockers
and endothelin-1 receptor antagonists for the detec-
tion of vasoconstrictor tone) (10), as well as the
investigation of potential vasculoprotective treat-
ments to reduce cardiotoxicity.

The second question addressed by this study is
whether endothelial function assessment by coronary
CTA can be used clinically to predict cardiotoxicity in
patients receiving specific cancer therapies. It is well
established that patients with baseline cardiovascular
risk factors or cardiovascular disease are at increased
risk of developing cardiotoxicity (11). Endothelial
dysfunction is associated with almost every risk fac-
tor for atherosclerosis and with established cardio-
vascular disease (12). As such, it is a barometer of total
cardiovascular risk and has been shown to predict
future cardiovascular events, even after adjustment
for traditional risk scores (13). Furthermore, coronary
CTA allows calculation of a coronary artery calcium
score during the initial noncontrast, low-radiation
phase of the study, as well as detection of coronary
stenosis severity and plaque morphology with
contrast administration. Thus, using the technique
described in this study, coronary CTA could theoret-
ically provide both physiologic and morphologic data
that could improve baseline risk stratification and
guide cardioprotection in patients undergoing spe-
cific cancer therapies. Unfortunately, the lack of
established normal reference ranges for endothelial
function using this technique and the inability to
account for the vascular effects of other confounding
variables in the real-world setting may limit the
clinical utility of this methodology.

Based on the results of this study, Feher et al. (8)
suggest that repeated noninvasive measurements of
endothelial function could be reliably performed over
time in the same individuals and in the same arterial
segments to assess progressive changes before the
development of overt cardiotoxicity. For this tech-
nique to be used clinically, these results would not
only have to be reproducible but also have low
interoperator variability. Even though coronary CTA
has the advantage of being noninvasive, repeated
testing would expose patients to significant radiation
exposure and the risks associated with iodinated
contrast, making it less attractive than other predic-
tive modalities, such as global longitudinal strain
measured by echocardiography.

In conclusion, the study by Feher et al. (8) de-
scribes a novel noninvasive technique, using coro-
nary CTA, to demonstrate the link between
anthracycline-induced endothelial injury and car-
diomyopathy in a canine model. This methodology
could serve as an important research tool to evaluate
the vascular impact of new and emerging cancer
therapies and to guide cardioprotective drug
development.

ADDRESS FOR CORRESPONDENCE: Dr. Umberto
Campia, Brigham and Women’s Hospital, 75 Francis
Street–AB378, Boston, Massachusetts 02115. E-mail:
ucampia@bwh.harvard.edu. Twitter: @u_campia.
RE F E RENCE S
1. Zhang S, Liu X, Bawa-Khalfe T, et al. Identifi-
cation of the molecular basis of doxorubicin-
induced cardiotoxicity. Nat Med 2012;18:1639–42.

2. Simunek T, Sterba M, Popelova O, Adamcova M,
Hrdina R, Gersl V. Anthracycline-induced
cardiotoxicity: overview of studies examining the
roles of oxidative stress and free cellular iron.
Pharmacol Rep 2009;61:154–71.

3. Luu AZ, Chowdhury B, Al-Omran M, Teoh H,
Hess DA, Verma S. Role of endothelium in
doxorubicin-induced cardiomyopathy. J Am Coll
Cardiol Basic Trans Sci 2018;3:861–70.

4. Kotamraju S, Konorev EA, Joseph J,
Kalyanaraman B. Doxorubicin-induced apoptosis in
endothelial cells and cardiomyocytes is

mailto:ucampia@bwh.harvard.edu
https://twitter.com/u_campia
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref1
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref1
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref1
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref2
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref2
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref2
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref2
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref2
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref3
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref3
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref3
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref3
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref4
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref4
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref4


Campia and Nohria J A C C : C A R D I O O N C O L O G Y , V O L . 2 , N O . 2 , 2 0 2 0

Cardiac CT and Anthracycline Cardiotoxicity J U N E 2 0 2 0 : 2 2 0 – 2

222
ameliorated by nitrone spin traps and ebselen.
Role of reactive oxygen and nitrogen species.
J Biol Chem 2000;275:33585–92.

5. Duquaine D, Hirsch GA, Chakrabarti A, et al.
Rapid-onset endothelial dysfunction with adria-
mycin: evidence for a dysfunctional nitric oxide
synthase. Vasc Med 2003;8:101–7.

6. Dengel DR, Ness KK, Glasser SP, Williamson EB,
Baker KS, Gurney JG. Endothelial function in
young adult survivors of childhood acute
lymphoblastic leukemia. J Pediatr Hematol Oncol
2008;30:20–5.

7. Armenian SH, Armstrong GT, Aune G, et al.
Cardiovascular disease in survivors of childhood
cancer: insights into epidemiology, pathophysi-
ology, and prevention. J Clin Oncol 2018;36:
2135–44.
8. Feher A, Boutagy N, Stendahl JC, et al.
Computed tomographic angiography assess-
ment of epicardial coronary vasoreactivity for
early detection of doxorubicin-induced car-
diotoxicity. J Am Coll Cardiol CardioOnc 2020;
2:207–19.

9. Campia U, Moslehi JJ, Amiri-Kordestani L, et al.
Cardio-oncology: vascular and metabolic per-
spectives: a scientific statement from the Amer-
ican Heart Association. Circulation 2019;139:
e579–602.

10. Barac A, Campia U, Panza JA. Methods for
evaluating endothelial function in humans. Hy-
pertension 2007;49:748–60.

11. Armenian SH, Lacchetti C, Barac A, et al. Pre-
vention and monitoring of cardiac dysfunction in
survivors of adult cancers: American Society of
Clinical Oncology Clinical Practice Guideline. J Clin
Oncol 2017;35:893–911.

12. Brunner H, Cockcroft JR, Deanfield J, et al.
Endothelial function and dysfunction. Part II: asso-
ciation with cardiovascular risk factors and diseases.
A statement by the Working Group on Endothelins
and Endothelial Factors of the European Society of
Hypertension. J Hypertens 2005;23:233–46.

13. Yeboah J, Folsom AR, Burke GL, et al. Predic-
tive value of brachial flow-mediated dilation for
incident cardiovascular events in a population-
based study: the multi-ethnic study of athero-
sclerosis. Circulation 2009;120:502–9.
KEY WORDS anthracycline, cardiotoxicity,
coronary CT, endothelial function

http://refhub.elsevier.com/S2666-0873(20)30090-9/sref4
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref4
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref4
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref5
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref5
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref5
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref5
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref6
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref6
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref6
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref6
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref6
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref7
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref7
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref7
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref7
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref7
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref8
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref8
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref8
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref8
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref8
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref8
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref9
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref9
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref9
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref9
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref9
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref10
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref10
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref10
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref11
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref11
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref11
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref11
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref11
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref12
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref12
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref12
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref12
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref12
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref12
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref13
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref13
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref13
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref13
http://refhub.elsevier.com/S2666-0873(20)30090-9/sref13

	Anthracycline Cardiotoxicity
	References


