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Results  No definite doxorubicin-induced clinical HF 
was observed among 56 patients (median age 54; 15–93) 
who received a cumulative doxorubicin dose (free + PLD) 
of >450  mg/m2. Of these, 49 received >500  mg/m2, 
28 > 700 mg/m2, 19 > 800 mg/m2, 14 > 1000 mg/m2, and 
5 > 1400 mg/m2. The EF varied greatly over time in some 
patients treated with PLD in the absence of symptoms or 
signs of heart failure, and was not particularly useful in mak-
ing decisions regarding further dosing.
Conclusions  Pegylated-liposomal doxorubicin was associ-
ated with a low risk of doxorubicin-induced HF in a retro-
spective cohort of patients receiving large cumulative doses 
of doxorubicin and long-term follow-up. EF did not predict 
doxorubicin-induced cardiotoxicity in our cohort of adult 
patients receiving PLD. Given the lack of prognostic clar-
ity regarding modest EF changes, regular EF monitoring 
may not be warranted, at least when PLD is used in adults. 
Modest changes in EF should probably not be used to limit a 
patient’s access to PLD, but may warrant cardiology consul-
tation for long-term follow-up after completion of therapy.

Keywords  Anthracycline · Cardiotoxicity · Cardio-
oncology · Ejection fraction · Heart failure · Pegylated-
liposomal doxorubicin

Introduction

One of the great conundrums for both oncologists and car-
diologists is how to best monitor the potential and actual 
cardiotoxicity of doxorubicin. Despite its efficacy, the use 
of doxorubicin is limited by its dose-related cardiotoxicity, 
which may manifest as a reduction in ejection fraction (EF) 
and/or development of clinical (HF). While several risk fac-
tors for doxorubicin-induced heart failure (HF) have been 

Abstract 
Purpose  One of the great conundrums for both oncologists 
and cardiologists is how to best monitor the potential and 
actual cardiotoxicity of doxorubicin. Pegylated-liposomal 
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reported, the cumulative dose administered appears to be 
the most important one [1]. Retrospective studies have found 
a ~7.5% incidence of clinical HF at a cumulative dose of 
550 mg/m2 of free doxorubicin [1], and prospective trials 
have found even higher rates [2]. In one large series, the 
incidence of HF rose to ~20–30% at 700 mg/m2, reaching 
~50% in the setting of prior cardiovascular disease, and to 
~50% at 1000 mg/m2 with no prior cardiovascular disease 
[1]. However, the diagnosis of HF is typically a clinical exer-
cise (i.e., bedside) and is subject to error [3].

The cardiotoxicity of doxorubicin appears to correlate 
with peak plasma levels and total cumulative dose [4]. A 
weekly schedule of administration is associated with a lower 
incidence of HF than an every 3-week schedule [1], and 
continuous intravenous infusion (CIVI) of doxorubicin is 
associated with less cardiotoxicity than bolus administra-
tion [4–10].

Pegylated-liposomal doxorubicin (PLD) is a liposomal 
formulation of doxorubicin in which the doxorubicin is 
contained in liposomes that are coated with methoxypoly 
(ethylene glycol). The methoxypoly (ethylene glycol) coat-
ing results in less uptake by the reticuloendothelial system 
and a much longer half-life in blood than non-pegylated 
liposomes [11–13]. The toxicity profile of PLD is more 
similar to that of CIVI doxorubicin than bolus administra-
tion of doxorubicin [9–11]. The long intravascular half-life 
of PLD markedly limits peak doxorubicin exposure to the 
myocardium [11–13]. Animal studies found less histologic 
evidence of myocardial damage with PLD relative to free 
doxorubicin [14, 15], and human studies suggest the same 
results [11, 13, 16–20]. Studies in Kaposi sarcoma found 
lower endomyocardial biopsy scores in patients treated with 
PLD (near normal scores) as compared with free doxoru-
bicin [16]. Two studies in breast cancer found PLD had less 
cardiotoxicity than doxorubicin [17, 20]. Retrospective stud-
ies of PLD treatment found no clinical HF attributed to PLD 
among 42 patients who received ≥500 mg/m2, 116 patients 
who received ≥400 mg/m2, or 22 patients who received 
>550 mg/m2 [21–23]. Phase II trials of PLD patients with 
sarcoma or mesothelioma found no definite cardiotoxicity 
in 18 patients who received more than 500 mg/m2, 10 of 
whom received >700 mg/m2 [18, 19]. A retrospective study 
in gynecological cancer found only 3 of 53 patients at high 
risk of doxorubicin-induced cardiotoxicity developed HF 
possibly related to PLD [24].

Because doxorubicin is a highly effective anti-neoplas-
tic agent, and doxorubicin-induced HF is a serious toxic-
ity, a number of approaches have been used to predict the 
development of doxorubicin-induced HF. The most widely 
used approach has been serial monitoring of EF by multi-
gated acquisition (MUGA) or echocardiogram (ECHO) 
and limiting the total doxorubicin dose. Biomarkers such 

as troponin, N-terminal brain natriuretic peptide, and 
brain natriuretic peptide, or clinical assessment for signs 
and symptoms of heart failure are also used to assess 
cardiotoxicity.

Ejection fraction has been shown to be a useful measure 
of cardiac function in some settings, especially HF. How-
ever, HF is a clinical syndrome, while EF is a measure of 
left ventricular function that is very load dependent; they 
are not one and the same. For example, a modestly low 
EF may or may not be associated with HF. A reduction 
in EF should be viewed as a “biomarker” that is associ-
ated with HF or may predict the development of HF. It 
is, of course, widely used to monitor doxorubicin toxicity 
in patients receiving doxorubicin, and doxorubicin use is 
often limited on the basis of EF measurements; however, 
the use of EF is not without its shortcomings. Despite a 
number of guidelines for monitoring cardiotoxicity with 
doxorubicin [25], the evidence for the utility of such rec-
ommendations is limited. Monitoring EF adds significant 
costs [24], and MUGA is associated with radiation expo-
sure as well. In addition, if the results are misleading, a 
patient may be denied further treatment with a drug for 
treating their cancer.

In this study a retrospective review of 56 patients fol-
lowed long-term in one practice who received high doses 
of PLD, sometimes after previous free doxorubicin expo-
sure, was performed to examine the incidence of doxo-
rubicin-induced HF. Our experience in this study made 
us aware of the serious limitations of EF monitoring to 
measure the sequential cardiotoxicity of PLD, and other 
drugs as well, and has the potential risk of inappropriately 
altering treatment.

Methods

A retrospective chart review was conducted of patients 
who received a large cumulative dose of PLD between 
1997 and 2017, and were seen by one clinician. In addi-
tion, published data from three phase II trials of PLD per-
formed at our institution [18, 19, 26] were also reviewed. 
Two additional patients who had abnormal EF at diag-
nosis were also included for illustration. This study was 
approved by the University of Minnesota Institutional 
Review Board. As most patients were not on a study, the 
timing of cardiac function tests was not standardized, as 
it was part of routine clinical care. Some patients received 
free doxorubicin, as indicated, before receiving PLD. Most 
determinations of EF were obtained by MUGA, although 
in some cases echocardiography (ECHO) was used, as 
indicated in the Supplementary Table.
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Results

Fifty-six patients who received >450  mg/m2 of dox-
orubicin (free doxorubicin combined with PLD) 
were reviewed. Of these, 49 received >500  mg/m2, 
28 > 700 mg/m2, 19 > 800 mg/m2, 14 > 1000 mg/m2, and 
5 > 1400 mg/m2 (Tables 1; Supplementary Table). There 
were 32 men and 24 women with a median age at the first 
doxorubicin dose of 54 (range 15–93). Two other patients 
(#57 and 58) had an abnormal baseline EF in the absence 
of symptoms that later normalized. Forty-five patients 
were followed for >1 year from the start of doxorubicin 
treatment (range 10–336 months, median 54 months). No 
follow-up time was available for 10 patients previously 
reported in earlier studies [18, 19, 26]. In addition, two 
other patients with existing doxorubicin-induced HF were 
treated with PLD without clinical deterioration of HF (not 
shown). The distribution of PLD vs CIVI free doxorubicin 
vs bolus free doxorubicin is shown in Fig. 1 and Supple-
mentary Table.

Two findings are noteworthy. Clinical HF clearly 
related to doxorubicin was not observed, yet seemingly 
random changes in sequential measurements of EF were 
frequently noted, not surprisingly (Fig. 2; Supplementary 
Table). Within the “normal range” of EF (50–78% for men 
and 50–87% for women), the measurement varied greatly 
over time in patients in the absence of symptoms or signs 
of heart disease (Fig. 2). This is not unexpected and well 
known to cardiologists, as loading conditions and heart rate 
can change minute-to-minute, and change left ventricular 
performance independent of any change in intrinsic con-
tractility. In 17 patients the EF changed by ≥10%, or became 
abnormal. The EF decreased by >10% within the normal 
range in 6 patients, and the EF increased by >10% (in 1 
by >20%) within the normal range in five patients. The EF 
became abnormal in five patients, all of whom had a later 
EF that was in the normal range (patients 10, 15, 16, 32, 
34); in one it later became abnormal again (#16). In three 
other patients the EF was abnormal at the start but rapidly 
normalized in two (Supplementary Table, patients #57 and 
58) and remained abnormal without symptoms in 1 (#24). 
No patient discontinued PLD due to a change in EF. Most 
of the EFs in the current study were determined by MUGA 
(Supplementary Table). It should be noted that a reduction 
in EF related to chemotherapy may later improve, and then 
become reduced remote from the time of chemotherapy.

ACE inhibitors and beta-blockers may have a protective 
effect against the development of HF [27, 28], although 
this has not been shown in a randomized trial. We therefore 
determined whether patients were seen by a cardiologist or 
treated with these agents (Table 1). Six patients were treated 
at some point with one of these agents, 31 were not, and data 
were not available for 18 cases.

Discussion

In this study a retrospective review of patients who received 
≥450 mg/m2 doxorubicin as PLD and/or free doxorubicin 
treated in one practice was performed to examine the inci-
dence of doxorubicin-induced HF. In the current study no 
clear doxorubicin-induced HF was seen in 56 patients who 
received >450 mg/m2 total doxorubicin dose. Of these, 49 
received >500 mg/m2, 28 > 700 mg/m2, 19 > 800 mg/m2, 
and 14 > 1000 mg/m2. Two patients with pre-existing dox-
orubicin-induced HF were also treated with PLD without 
adverse effects (not shown here). An additional observation 
was the prominent variability in the measured EF within 
patients in the absence of any clinical signs or symptoms of 
heart disease. These random changes in EF over time are not 
unexpected, and may be related to changing cardiac loading 
conditions (Table 2).

These findings are in marked contrast to earlier reports 
using bolus administration of free doxorubicin. When 
given by bolus administration the incidence of doxoru-
bicin-induced HF is dose-related, and has been reported to 
increase from ~7% at 550 mg/m2 to ~35% at 700 mg/m2 to 
~50% at 1000 mg/m2 [2, 29]. When combined with previous 
reports [18, 19, 21–24, 29] of patients receiving high doses 
of PLD, >140 patients have been treated with >500 mg/m2 
PLD or PLD combined with free doxorubicin without the 
development of PLD-related HF.

Many of the cases described here are notable for the 
long follow-up after doxorubicin exposure. However, much 
longer-term effects would not be detected with the cur-
rent study even though some patients were followed for 
>10 years. In one large study ~98% of cases of “cardiotox-
icity” identified by EF occurred within 1 year of completion 
of chemotherapy [28]. The range of time between the last 
dose of doxorubicin and the onset of doxorubicin-induced 
HF is broad, ranging from days to years [1, 15, 30, 31]. 
Some pediatric and adult cancer survivors have been found 
to develop cardiomyopathy years after treatment with doxo-
rubicin [30–35]. Some animal models also demonstrate pro-
gressive doxorubicin-induced cardiomyopathy, and a similar 
effect is seen with PLD [15]. In addition, genetic variants 
appear to correlate with the development of doxorubicin-
induced cardiotoxicity in children [31]. The findings of the 
current study may not apply to children.

Several approaches have been taken to try to reduce 
anthracycline cardiotoxicity, including the use of angiotensin 
converting enzyme inhibitors and beta-blockers [27, 28], a 
heavy metal chelator [36], and anti-inflammatory drugs [37]. 
The use of dexrazoxane from the start of bolus doxorubicin 
may reduce long-term cardiotoxicity; none of the patients 
in this study received dexrazoxane. The peak serum level of 
doxorubicin is important in the induction of cardiotoxicity, 
and the administration of doxorubicin by CIVI over longer 
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times has been shown to reduce cardiotoxicity in adults [1, 
4–10]. PLD leaves the vascular space at a much slower rate 
than free doxorubicin, and many studies have reported less 
cardiotoxicity with PLD than with free doxorubicin [14–24, 
29]. Reduced risk of cardiotoxicity is not equal with all lipo-
somal formulations [38]; thus, the conclusions of studies 
using PLD may not apply to other liposomal doxorubicin 
formulations that have different stability properties.

Despite the wide use of EF to monitor doxorubicin car-
diotoxicity, and the existence of a variety of guidelines and 
recommendations, the utility of serial EF measurements to 
predict doxorubicin-induced HF is unclear. This is in part 
due to the fact that a low EF and heart failure are not the 
same. One is a measurement, and the other is a clinical syn-
drome; they don’t have to co-exist. Patients may also have 
HF with a preserved EF. EF may change modestly from day-
to-day in normal subjects, depending on hydration status, 
similar to blood pressure and heart rate; this is also true in 
patients being treated with doxorubicin. In addition to the 
normal day-to-day variation in EF, there is inter- and intra-
observer variation in the reading of EF by ECHO. This is 
especially true when the EF is simply “estimated” by the 
echocardiographer without objective measurements. It is 
generally preferred that the ECHO EF be calculated, not 
estimated, as this tends to lower the degree of intra- and 
inter-observer variation. When MUGA is used, the EF is 
always calculated mathematically, so the measurement is 
considered more precise. Most of the EFs in the current 
study were determined by MUGA (Supplementary Table).

In addition to physiologic variation, the measurement 
of EF may not be accurate. Although EF determined by 

3-dimensional echocardiography can vary by ~0.05–0.06 
(absolute change in EF) due to physiologic changes or test 
reproducibility [39], with 2-dimensional echocardiography 
this variability can be ~0.10–0.13 [39], with ~11% being 
the smallest change in EF that can be recognized with 95% 
confidence [40]. Although MUGA scans are more accurate, 
there is still variability in the EF measured by this technique. 
In one study the 95% CI was −5.4 to +6.4 for inter-observer 
variability and −4 to +3.5 for intra-observer variability [41]. 
In a related study, the inter-study variability on patients who 
were scanned twice on CZT-SPECT cameras had 95% CI of 
−5.4 to +6.4 [42]. Thus, the limitations of EF measurement 
must be considered in the interpretation of EF changes. As 
shown in this series of 53 cases, the EF can vary prominently 
over time in the absence of cardiac symptoms. It is notewor-
thy that the early angiographic determination of the EF in 
normal subjects was limited to <10 subjects.

In the absence of clinical symptoms, the definition of car-
diotoxicity is not exact. Some definitions of cardiotoxicity 
have utilized a decrease in EF of ≥5 to <55% with symptoms 
of HF, or a decrease in EF of ≥10 to <55% in asymptomatic 
patients, though other definitions are also used [39, 43, 44]. 
However, as discussed above, EF varies somewhat even 
throughout the day in normal people, and in the absence 
of clinical symptoms, the utility of EF changes to predict 
doxorubicin-induced HF is unproven.

An analysis of three phase 3 studies found that the left 
ventricular EF was not an accurate predictor of the develop-
ment of doxorubicin-induced HF [2]. A study of 20 patients 
with EF <50% undergoing bone marrow transplant found 
no difference in survival as compared with 288 patients with 
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Fig. 1   Histogram of doxorubicin dose by formulation and type of 
administration (PLD, solid; civi, shaded; bolus, open). For patient 
#19 the minimum amount of free doxorubicin is shown (exact amount 

unknown). For patient #34 the minimum amount of PLD is shown 
(exact amount of unknown). For patient #53 the minimum amount of 
PLD is shown (exact amount of unknown)
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preserved EF [45]. A similar finding was seen in a study of 
49 patients with EF <50% as compared with 49 controls 
[46]. The lack of clear benefit of EF monitoring could be due 
to several factors: intrinsic variability of measuring EF at a 
given time, random variability of EF over time in normal and 
abnormal hearts within patients, variation in intravascular 

volume status when EF is measured, and when the EF is 
determined in relation to the last dose of the cardiotoxic 
agent. Further confounding factors include: when and to 
what degree cardiotoxicity will develop in relation to when 
and to what degree EF changes occur, and when will cardio-
toxicity develop following exposure to a cardiotoxic agent. 

Fig. 2   Ejection fraction 
variability of 58 patients who 
received large cumulative doses 
of doxorubicin as pegylated-
liposomal doxorubicin. a 
Patients 1–15. b Patients 16–30. 
For patients 18–27, the final EF 
is shown at 12 months, although 
the time of the final EF is 
unknown. c Patients 31–58
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Finally, if some degree of cardiotoxicity is noted at one time 
point after cardiotoxin exposure, what is the natural history 
of cardiac function in the absence and presence of additional 
cardiotoxin exposure? That is, will changing treatment alter 
further change in EF, and to what degree does a change in 
EF alter clinical outcome.

This study is subject to the usual limits of a retrospec-
tive study. In addition, as described above, the diagnosis 
of HF is subjective, and the physicians treating the patients 
in this study might differ from others in their use of the 
term. However, the doses received and long-term follow-
up are noteworthy. In addition, the observed changes in EF 
within patients over time, and the range of time over which 
doxorubicin-induced cardiotoxicity can be observed (days to 
years), along with the variable time between drug exposure 
and EF determination, suggest that the routine use of meas-
urements of left ventricular EF to direct doxorubicin use is 
open to question and needs further study before it can be 
accepted as a useful approach. An attractive study would be 
a randomized trial to examine whether monitoring EF can 
truly predict later significant doxorubicin cardiotoxicity, and 
whether the medical treatment of asymptomatic EF changes 
impacts later functional outcome.

This report provides further evidence for the low risk of 
cardiotoxicity with PLD and CIVI doxorubicin. In addi-
tion, the “normal” fluctuations in EFs observed over time, 
and the potential for cardiotoxicity developing long after 
doxorubicin exposure, raise the question of the utility of 
routine cardiac monitoring during doxorubicin adminis-
tration. While cardiologists are familiar with the limita-
tions of the use of EF, many oncologists may not be. In 
addition such monitoring adds to the cost of health care. 

The Medicare fee rates for an ECHO or MUGA scan are 
in the range of ~$365–890 and $840–2300, respectively 
[24]. Given the reduction in doxorubicin-induced HF when 
doxorubicin is given by CIVI or as PLD, and the limited 
predictive value of EF in predicting doxorubicin cardio-
toxicity, the monitoring of EF during treatment is not of 
proven value. Indeed, as has been suggested, given the 
prognosis of many patients receiving these drugs, errone-
ous interpretation of EF changes might inappropriately 
limit their access to a useful drug [21, 24]. This question 
is also relevant to the use of EF to monitor cardiotoxic-
ity in other cancer drugs [35, 47], which are also widely 
used, where the increased cost and true utility are also 
important. A number of other approaches to predicting 
doxorubicin-induced cardiomyopathy are under study, 
although the relationship of early test results with long-
term effects will require detailed follow-up [48, 49]. For 
example, in a small study, the sensitivity to doxorubicin 
of cardiomyocytes derived from induced stem cells from 
dermal fibroblasts correlated with the development of 
doxorubicin-induced HF in the donor [50].

In conclusion, our results question the utility of sequen-
tial measurement of EF to guide doxorubicin dosing in the 
case of adults treated with PLD and also in the setting of 
doxorubicin given by CIVI. In addition to the expense of 
testing and the lack of clear benefit in reducing doxoru-
bicin-induced HF, random variation in EF measurement 
may lead to depriving some patients of a useful treatment. 
These results may not apply to all liposomal formulations 
or to children. We agree with Gill et al. and Kushnir et al. 
[21, 24] that the routine surveillance of EF, at least in 
adults with PLD in the absence of serious risk factors, 
does not seem warranted. Even with serious risk factors 
the utility of cardiac monitoring is seemingly limited.
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Table 2   Cumulative dose of 
PLD + free doxorubicin

Total doxorubicin 
dose (mg/m2)

Number of 
patients

450–499 7
500–599 8
600–699 13
700–799 9
800–899 3
900–999 2
1000–1099 2
1100–1199 2
1200–1299 2
1300–1399 3
1400–1499 1
1500–1599 2
1600–1699 0
1700–1799 1
>2000 1
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