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From Cardiac
AnthracyclineAccumulation
to Real-Life Risk for Early
Diastolic Dysfunction
A Translational Approach
Cumulative anthracycline doses can cause heart fail-
ure (HF). Cancer therapy regimens now typically
adopt lower doses than in the past, but subclinical
cardiotoxicity that potentially progresses toward HF
may occur, particularly if patients have comorbid-
ities. We previously reported that comorbidity-
free patients had a risk for asymptomatic
diastolic dysfunction (DD) 1 week after completing
anthracycline-based regimens.1 Here we aimed to
define DD risk versus HF risk using both a preclinical
model and human data.

Our analysis included 60 patients (50 women), 49
� 9 years of age, treated with doxorubicin (n ¼ 18) or
epirubicin (n ¼ 25) for early breast cancer (primarily
anthracycline-cyclophosphamide-taxane regimens)
or treated with a rituximab-cyclophosphamide-
doxorubicin-vincristine-prednisone regimen for
newly diagnosed non-Hodgkin lymphoma (n ¼ 17).1

The study was approved by the Institutional Review
Boards of participating centers, and written informed
consent was obtained from all patients. The mean
cumulative doxorubicin-equivalent dose was 258 �
34 mg/m2 (epirubicin dose converted by a doxoru-
bicin equivalence ratio of 0.66).2 After chemotherapy,
left ventricular ejection fraction was unchanged from
baseline (61% � 4% vs. 62% � 5%; P ¼ 0.47), but
incident grade I DD was diagnosed in 13 patients (22%
incidence).

To establish the relationship between cardiotox-
icity risk and anthracycline dose, we previously
correlated HF risk with anthracycline infusions and
cardiac anthracycline accumulation in a preclinical
model.2 Human myocardial samples were exposed to
simulations of single infusions of 60 mg doxorubicin/
m2 or an equivalent 90 mg epirubicin/m2. The size
of postinfusion cardiac anthracycline pools was
determined, and HF risk from repeat infusions was
estimated as follows:
Risk ð%Þ ¼ ðpooln : risk poolÞ2 � cn2 (1)

where pooln is the size of the cardiac anthracycline
pool after n infusions, risk pool is the cardiac
anthracycline pool associated with 5% HF
risk (31 nmol/g for either anthracycline), and c is a
correction constant for the different cardiotoxic po-
tential of doxorubicin or epirubicin.2 The model pre-
dicted 5% risk for HF after 380 mg doxorubicin/m2 or
607 mg epirubicin-based doxorubicin equivalent/
m2, in excellent agreement with reported values of
400 or 594 mg/m2 in comorbidity-free patients,
respectively.2

As it pertains to DD, given that the risk pool was
unknown, the risk was assumed to be 22%, and a
mean risk pool of 17 nmol/g was calculated from
infusion doses and the total number of infusions in
our study population,1 and equation 1 was solved
accordingly. For patients receiving infusion doses
other than 60 or 90 mg/m2 doxorubicin or epirubicin,
the size of postinfusion anthracycline pools was
adjusted proportionally. Exponential risk-versus-
dose curves were obtained that identified 1%, 2%,
and 5% DD risk after 120, 150, and 190 mg anthracy-
cline/m2. For HF, the corresponding doses for 1%, 2%,
and 5% risk were 320, 360, and 450 mg/m2 (Figure 1).
Thus, DD risk occurred at significantly lower anthra-
cycline doses than HF (P # 0.006 by receiver-
operating characteristic curve analysis).

There are limitations to this study. Diastolic func-
tionwas evaluated using transmitral flow indexes such
as E/A ratio and deceleration time of the E wave. Grade
I DD (impaired relaxation) was diagnosed by E/A
decrement toward or below the lower limit of normal
and concomitant DT prolongation; however, recom-
mendations for diastolic function evaluation have
changed since our clinical study was conducted. Other
indexes are now recommended to diagnose and grade
DD. Information using mitral E/e0 ratio is recom-
mended, but we note that this parameter may be less
useful in patients without HF symptoms and left ven-
tricular ejection fraction >50%, as was the case with
our study population.3 Accordingly, in our analysis,
when E/e0 was measured at the investigator’s discre-
tion, thiswas normal in patients diagnosedwith grade I
DD by E/A and DT.1 Moreover, many factors were taken

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaccao.2021.12.002&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


FIGURE 1 Risk-Versus-Dose Relationship for Anthracycline-Related Diastolic Dysfunction and Heart Failure
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Curves (means with 95% confidence intervals) were obtained using equation 1, correlating risk with cardiac anthracycline accumulation, as

described in the text. Diastolic dysfunction (DD) occurred after lower cumulative doses and less anthracycline accumulation than heart failure (HF).
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into consideration to mitigate bias: 1) all patients were
assessed for diastolic function 1 week after the last
chemotherapy cycle, when they had recovered from
treatment-related fluid overload; 2) E/A and DT were
normalized to age-related ranges of normality (1 week
vs. baseline: �2% � 8% vs. 41% � 29% for E/A, 93% �
20% vs. 39% � 27%; P < 0.001); 3) each center desig-
nated a study-dedicated operator to minimize inter-
observer variability, and all echocardiograms were
centrally reviewed by a blinded operator; 4) patients
with or without DD had similar distributions of car-
diovascular parameters that could alter E/A and DT
(systolic blood pressure [P ¼ 0.39], diastolic blood
pressure [P ¼ 0.99], heart rate [P ¼ 0.81], and body
mass index [P ¼ 0.94]).

Our study also had strengths and suggests poten-
tial clinical implications. By demonstrating that
120 mg anthracycline/m2 was sufficient to cause a 1%
risk for early manifestation of DD in comorbidity-free
patients, our findings support the notion that car-
diotoxicity begins with the first anthracycline infu-
sion, and hence there is no safe anthracycline dose.4

Correlations between cardiac anthracycline accumu-
lation and risk for cardiotoxicity call for a wider
exploitation of slow infusions or liposomal formula-
tions that diminish cardiac exposure to and accumu-
lation of anthracyclines.4 Alternatively, one might
consider dexrazoxane, which does not diminish car-
diac anthracycline accumulation but prevents car-
diotoxicity by reducing formation of DNA-damaging
anthracycline-topoisomerase b2 complexes in car-
diomyocytes.4 Cancer survivors should also be given
an adequate cardiac surveillance.
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