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Anthracycline-induced cardiotoxicity: Is there
a role for myocardial 123I-mIBG scintigraphy?
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In general, it is safe to claim that advances in

treatment of cancer have led to improved survival of

patients.1,2 However, this success does not go without

collateral damage. The increased survival is in part

counterbalanced by side effects of the treatment, both

acute and late, sometimes leading to increased morbidity

and even increased mortality. This means that although

patients are more likely to survive their cancer, they are

more likely to be confronted with the late side effects of

the treatment. In case of lymphoma patients, this is

illustrated by the fact that as a result of the advances in

treatment cure rates have improved survival. This in

combination with the globally increased incidence of

malignant lymphoma, causes the lymphoma survivor

population to grow. As the diagnosis in lymphoma

patients is often made at a relative young age (late) side

effects of the treatment are of concern.3,4 Cardiovascular

diseases (CVDs) are one of the most frequent of these

side effects, and there is a growing concern that they

may lead to premature morbidity and death among

cancer survivors.5 This may be the result of cardiotox-

icity, which involves direct effects of the cancer

treatment on heart function and structure, or may be due

to accelerated development of CVD, especially in the

presence of traditional cardiovascular risk factors.6

Anthracyclines (doxorubicin, idarubcin, epirubicin,

and liposomal anthracyclines) are among the most

widely used chemotherapeutic agents and have been

shown to be effective in a wide range of cancers, in

particular, breast cancer and lymphoma.7,8 On the other

hand, anthracyclines may cause irreversible cardiac

damage, which in turn affects prognosis.9

Left ventricular (LV) dysfunction and heart failure

(HF) are relatively common and should be considered as

serious side effects. Survivors of paediatric cancer, treated

with anthracyclines and/ormediastinal radiotherapy, have

a 15-fold increased lifetime risk for developing HF

compared with matched controls.10 In older patients with

pre-existing cardiovascular risk, the short-term risk for

developing HF is also increased. For example, survivors

of aggressive non-Hodgkin lymphoma have a 17% inci-

dence of clinical HF at 5 years.11 Furthermore,

doxorubicin is associated with a 5% incidence of con-

gestiveHFwhen a cumulative lifetime dose of 400 mg�m2

is reached, and higher doses lead to an exponential

increase in risk, up to 48% at 700 mg�m2.12 However,

there is considerable variability among patients in their

susceptibility to anthracyclines. While many tolerate

standard-dose anthracyclines without long-term compli-

cations, treatment-related cardiotoxicity may occur as

early as after the first dose in other patients.13

Cardiotoxicity can be specified according to the

time of occurrence after the treatment i.e., acute, early

and late. Acute cardiotoxicity is rare (\ 1% of patients)

and occurs immediately after treatment and is usually

reversible. Early cardiotoxicity is defined to the first year

of treatment and late cardiotoxicity occurs with a med-

ian of 7 years after treatment.14,15 A recent study by

Cardinale et al., involving 2625 patients (mean follow-

up 5.2 years), showed a 9% overall incidence of car-

diotoxicity after anthracycline treatment.16 Of interest is

that 98% of cardiotoxicity occurred within the first year

without any symptoms in these patients.
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Anthracycline-induced cardiotoxicity is most likely

a phenomenon characterized by continuous progressive

decline in left ventricular ejection fraction (LVEF).

Many affected patients may initially be asymptomatic,

with clinical manifestations appearing years later, often

in the context of other triggering factors, which may

indicate that anthracyclines negatively affect compen-

satory mechanisms.17

Although there is variation between patients in the

occurrence of anthracylcine-related cardiotoxicity, there

are some factors associated with an increased risk of

cardiotoxicity i.e., cumulative anthracycline dose,

female sex, age ([ 65 years old and children

(\ 18 years old)), renal failure, concomitant or previous

radiation therapy involving the heart, concomitant

chemotherapy (alkylating or antimicrotubule agents,

immune- and targeted therapies), cardiac diseases with

increased wall stress, arterial hypertension and genetic

factors.18

In clinical practice, these considerations cause

clinicians to balance between treating cancer with a

maximum effect and limiting possibly cardiotoxicity.

Therefore, there is a need to diagnose and monitor for

cardiotoxicity by imaging of LV function and

biomarkers. Assessment of the LVEF has been consid-

ered the most common parameter. However, LVEF as a

prognostic and diagnostic tool has several limitations,

including inter-observer and intra-observer variability

and a lack of sensitivity to detect early subclinical

changes.19 Although the more conventional biomarkers

such as Troponin (Tn), brain-type natriuretic peptide

(BNP) and myeloperoxidase seem promising they are so

far limited by for example the lack of thresholds for risk

prediction and the unknown timing and frequency of

assessment.20

As stated earlier, symptoms of HF may be masked

for years due to the substantial compensatory myocar-

dial reserve which is to a large extent a result of

sympathetic nervous system activation. Hence, the

manifestation of clinical HF does not occur until com-

pensatory mechanisms are no longer adequate, at which

point the prognosis has worsened considerably. Func-

tional and structural injury to myocardial adrenergic

neurons may be part of the pathophysiology of dox-

orubicin cardiotoxicity.21–23 Assessment of adrenergic

nervous system function of the heart may, therefore,

represent a possible tool for detection of subclinical

cardiotoxicity. Iodine-123 meta-iodobenzylguanidine
(123I-mIBG) is a radiolabelled norepinephrine analogue.
123I-mIBG mimics the presynaptic uptake, storage and

release mechanisms of noradrenaline, but has no effect

on postsynaptic adrenergic receptors. Myocardial 123I-

mIBG scintigraphy has been primarily used as a prog-

nostic marker in HF patients.24–26 Although there is a

limited number of studies that have evaluated myocar-

dial 123I-mIBG scintigraphy as a prognostic marker for

cardiotoxicity, these studies have limitations that ham-

per extrapolation of the study findings.27

In this issue of the Journal of Nuclear Cardiology

Laursen et al. performed planar myocardial 123I-mIBG
scintigraphy in 37 lymphoma patients scheduled for

doxorubicin treatment prior to chemotherapy and after a

median of 4 cycles of doxorubicin. At 1-year follow-up,

LVEF decreased but stayed, on average, within normal

ranges (64 vs. 58%, p = 0.03). The change in LVEF was

not associated with any of the planar-assessed parame-

ters of myocardial 123I-mIBG uptake or washout (WOR).

The authors conclude that, therefore, the presented data

do not provide sufficient evidence to promote 123I-mIBG
myocardial scintigraphy as a clinical tool to detect

doxorubicin-induced cardiotoxicity. However, this con-

clusion does not completely justify their findings.

The authors showed that at baseline WOR was

significantly lower in younger patients compared to

elderly patients. This difference in baseline 123I-mIBG
WOR is line with the fact that WOR increases with

advancing age.28,29 Of interest is that this difference in

WOR was no longer present at 1-year follow-up (i.e.,

WOR increased in the younger patients). From a

pathophysiological perspective, this increase in WOR in

the younger patients at 1-year follow-up may represent a

compensatory response to cardiotoxic injury by an

appropriate increase in sympathetic activity, which

declines with age. In addition it is tempting to speculate

that the slowly degrading sympathetic response with age

may explain the fact the elderly are more prone to

anthracylcine cardiotoxicity.
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