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Objective: Although pegylated liposomal doxorubicin (PLD) has a more favorable side-effect profile compared to
doxorubicin, the FDA label for PLD includes a warning listing cardiotoxicity. Our objective was to evaluate
predictors of pre- and post-treatment cardiac testing and quantify the effect of PLD on cardiac function in patients

Cardiotoxicity . . .

. . . treated for gynecologic malignancies.
Left ventricular ejection fraction . . . . . .
Echocardiogram Methods: Retrospective chart review of gynecologic oncology patients who received PLD over a 10-year period at

a single institution. Cardiac studies were aligned to PLD treatment and ejection fractions (EF) were compared
pre- and post-treatment.

Results: A total of 453 patients who had received PLD were identified; 216 (48 %) had pre-PLD treatment cardiac
function testing. Predictors of pre-chemotherapy testing were diabetes (p = 0.015), higher ECOG score (p =
0.004), and cardiac disease (p = 0.032). Eighty-three (18.3 %) patients had pre- and post-PLD treatment cardiac
function testing. Predictors of pre- and post- testing were number of cycles of PLD (p < 0.0001) and total dose of
PLD (p < 0.0001). Seventy-five (90 %) patients had no change in EF (defined as < 10 %), while 2 (2.4 %) had
improvement in EF > 10 %, and 6 (7.2 %) had a decrease in EF > 10 %. Initial EF in patients with > 10 %
decrease was higher than in those without change or improvement (p = 0.0004). One (1.2 %) patient had a
clinically significant decrease in EF (32.5 %) resulting in interruption of treatment.

Conclusion: Risk of cardiac toxicity from administration of PLD for patients undergoing treatment for gynecologic
cancers appears to be low. Selective screening of cardiac function should be employed for these patients.

1. Introduction liposomal doxorubicin (Chatterjee et al., 2010), PLD offers decreased

cardiotoxicity because the liposomes are unable to penetrate healthy

Pegylated liposomal doxorubicin (PLD), a liposomal formulation of
doxorubicin, is approved for use in gynecologic malignances, including
ovarian and uterine cancer, as well as breast cancer, multiple myeloma,
and Kaposi’s sarcoma (Gabizon et al., 2016; NCCN Clinical Practice
Guidelines in Oncology, 2024; NCCN Clinical Practice Guidelines in
Oncology, 2024; Wagner et al., 2012; Yuan et al., 2021). This pegylated
formulation of doxorubicin, which is encapsulated within liposomes and
coated with a polyethylene glycol (PEG) layer, results in prolonged
circulation time as well as improved targeting of tumor tissue
(Drummond et al., 1999). Traditional doxorubicin metabolite leads to
production of free radicals in tissues, which poses a particular threat for
myocardial tissue as it is unable to effectively scavenge free radicals and
does not undergo regeneration (Li et al., 2022). Compared to non-

tissue capillaries in organs such as the heart, but are able to penetrate
tumor tissue capillaries due to their increased permeability (Li et al.,
2022; Allen and Martin, 2004; O’Brien et al., 2004; Smith et al., 2010).

Although an endomyocardial biopsy is the gold standard to diagnose
cardiotoxicity, this method is invasive and impractical (Berry et al.,
1998). Therefore, the preferred modality of cardiac imaging to assess
cancer therapy-related cardiac dysfunction is a transthoracic echocar-
diogram, with second and third options being cardiac magnetic reso-
nance (CMR) and nuclear medicine imaging (MUGA), respectively (Lyon
et al., 2022). The definition of cancer therapy-related cardiac dysfunc-
tion differs depending on the study in question, however, the most
common objective measure to assess cardiac function remains the left
ventricular ejection fraction (EF) and/or global longitudinal strain. The
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change in EF which constitutes cardiotoxicity varies amongst studies
and is generally defined between 5 to 20 % decrease for low-grade
toxicity (O’Brien et al., 2004; Lyon et al., 2022; Herrmann et al.,
2022; Homesley et al., 1992; DOXIL, 1995; Parashar et al., 2023).

Despite evidence that PLD harbors less cardiotoxicity than tradi-
tional doxorubicin (Smith et al., 2010; Ibrahim et al., 2022), the FDA
label includes a black box warning listing risk of cardiotoxicity and heart
failure, particularly as the cumulative dose approaches 550 mg/m?, and
recommends assessment of cardiac function during treatment with PLD
(DOXIL, 1995). Current requirements for routine cardiac function
testing result in unnecessary testing, cost, and inconvenience for the
patient (Kushnir et al., 2015). Several small retrospective chart review
studies (7 and 56 patients) evaluated cardiotoxicity of PLD in the gy-
necologic oncology population and concluded the lack of significant
negative impact of PLD on cardiac function in this patient population,
even with cumulative doses of PLD exceeding 400 mg/m? (Dioun et al.,
2019; Kesterson et al., 2010). Furthermore, prolonged use of PLD (>6
cycles) has not been shown to be associated with heart failure in a study
of 22 gynecologic oncology patients (Uyar, 2004).

Given that there are no large-scale studies examining the effect of
PLD on cardiac function in patients with gynecologic malignancies, we
aimed to determine factors which predict the likelihood of patients
receiving pre- and post-treatment cardiac function testing, as well as
evaluate the change in left ventricular ejection fraction (EF) over the
course of PLD use.

2. Methods

The study was an IRB-approved retrospective chart review
(IRB#07-20-17E) of gynecologic oncology patients undergoing treat-
ment with PLD between 2010 and 2020 at a single institution (Charlotte,
NC, USA). The institutional pharmacy database identified patients
receiving PLD during the study period; this was then narrowed by using
diagnosis codes of gynecologic (uterine, ovarian, cervical, fallopian
tube, or primary peritoneal) malignancies. Patient demographics,
medical co-morbidities, chemotherapy regiments, PLD doses, number of
cycles, and cardiac imaging results were collected. Cardiac evaluations
in the form of transthoracic echocardiogram or nuclear medicine (multi-
gated acquisition or MUGA) scans were included. An echocardiogram
was the most common modality of cardiac testing in our population and
left ventricular EF was used as a surrogate marker for cardiac function.
Where a range in EF was reported in a study, the final number recorded
was the average. We defined difference of > 10 % between initial car-
diac testing and follow up testing as “significant,” in order to capture any
changes in EF during the treatment course resulting in cardiotoxicity, as
the majority of patients had no changes in EF. Cardiac function testing
was aligned to PLD chemotherapy treatments and EF values were
compared before and after treatment. Change in cardiac function was
calculated as a difference between starting EF and EF following treat-
ment. The first cardiac evaluation following the last PLD treatment was
recorded as a “post-treatment” assessment.

Descriptive statistics were used to describe patient characteristics,
PLD treatment doses and cycle numbers, and reported as number (n, %),
mean + SD, or median [IQR]. Parametric and non-parametric tests were
used where appropriate. Logistic regression model was used to deter-
mine predictors of cardiac testing before and after treatment with PLD.
Significance level p < 0.05 was set for all analyses. All statistical ana-
lyses were conducted using the SAS software, Version 9.4.

3. Results

Patient characteristics are shown in Table 1. A total of 453 patients
were included in the study. The mean cumulative PLD dose was 277 +
162.5 mg/m2 (range 40-1,120 mg/mz) over a median of 4 [2-6] cycles
(Supplementary Fig. 1). Only 25 patients (3.5 %) received > 550 mg/m?>.
Across the entire cohort, 216 (48 %) patients had pre-treatment cardiac
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Table 1

Patient characteristics. Total 453 patients were included in analysis, 216 pa-
tients these had pre-PLD cardiac testing, and 83 patients had pre- and post-
treatment cardiac evaluation. Majority of patients were Caucasian, had
ovarian cancer, and had a ECOG performance status of 0 at diagnosis. Hyper-
tension was the most common comorbidity. Obesity defined as BMI > 30. ECOG,
Eastern Cooperative Oncology Group; PLD, pegylated liposomal doxorubicin.
Values expressed as n (%).

Parameter All patients Patients with pre- Patients with pre-
(n = 453) PLD testing (n = and post-PLD testing
216) (n = 83)

Ethnicity

White 338 (74.6 %) 163 (75.5 %) 62 (74.7 %)

Black/African 86 (20.0 %) 40 (18.5 %) 19 (22.9 %)
American

South Asian 9 (2.0 %) 4 (1.9 %) 2 (2.4 %)

Native American 8 (1.8 %) 4 (1.9 %) 0 (0 %)

Hispanic 3 (0.7 %) 1 (0.1 %) 0 (0 %)

Other/unknown 9 (2.0 %) 4 (1.9 %) 0 (0 %)

Primary malignancy site

Ovary 197 (43.5 %) 83 (38.4 %) 34 (41.0 %)

Uterus 119 (26.3 %) 69 (31.9 %) 23 (27.7 %)

Fallopian tube 80 (17.7 %) 43 (19.9 %) 15 (18.1 %)

Primary 46 (10.2 %) 16 (7.4 %) 9 (10.8 %)
peritoneal

Unknown 11 (0.02 %) 5 (2.3 %) 2 (0.02 %)

ECOG performance status at diagnosis

0 394 (87.0 %) 177 (81.9 %) 70 (84.3 %)
1 38 (8.4 %) 26 (12.0 %) 11 (13.2 %)
2 7 (1.5 %) 5(2.3%) 0 (0 %)

3 3 (0.7 %) 0 (0 %) 0 (0 %)
Unknown 11 (2.4 %) 8 (3.7 %) 2 (2.4 %)
Comorbidities

Hypertension 222 (49 %) 112 (51.9 %) 40 (48.2 %)
Diabetes 71 (15.7 %) 43 (19.9 %) 17 (20.5 %)
Obesity 41 (9.1 %) 15 (6.9 %) 4 (4.8 %)
Cardiac disease 7 (1.5 %) 6 (2.8 %) 3 (3.6 %)

evaluation and 83 (18 %) had pre- and post-treatment cardiac testing. Of
the 453 patients, 371 (81.9 %) were deceased and 69 (15.2 %) were
living at the time of data collection. Patients were predominantly White
(338, 74.6 %) or Black (86, 20.0 %). Primary malignancy sites were
ovary (197, 43.5 %) and uterus (119, 26.3 %). The majority of patients
had Eastern Cooperative Oncology Group (ECOG) scores of 0 (394, 87.0
%) or 1 (38, 8.4 %). In terms of co-morbidities, 222 (49 %) of patients
had hypertension, 71 (15.7 %) had diabetes, 41 (9.1 %) were classified
as obese (BMI > 30), and only 7 (1.5 %) had reported cardiac disease.
Patient ethnicity distribution, primary malignancy site, ECOG at diag-
nosis, and co-morbidities are listed in Table 1, stratified by availability
of pre- and post-PLD treatment cardiac testing.

Results of cardiac function testing are shown in Table 2. The vast
majority of initial cardiac testing was performed via a transthoracic
echocardiogram (195, 90.3 %), while nuclear medicine scans were

Table 2

Cardiac evaluation modality and PLD dosing in patient with pre-treatment
testing alone and those with pre- and post-treatment cardiac testing. Majority
of patients were evaluated by a transthoracic echocardiogram, with a small
proportion evaluated by a nuclear medicine scan. NM, nuclear medicine; PLD,
pegylated liposomal doxorubicin; TTE, transthoracic echocardiogram. Values
expressed as n (%), mean + SD, or median [IQR].

Parameter Patients with pre-PLD Patients with pre- and post-PLD
cardiac function testing (n cardiac function testing (n =

= 216) 83)

Cardiac testing modality

Pre-TTE 195 (90.3 %) 76 (91.6 %)

Pre-NM 21 (9.7 %) 7 (8.4 %)
scan

Post-TTE - 77 (92.8 %)

Post-NM — 6 (7.2 %)

scan
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recorded in 21 (9.7 %) of patients with pre-treatment cardiac testing
only. Similarly, of the patients with both pre- and post-PLD cardiac
testing, 76 (91.6 %) had transthoracic echocardiogram as a cardiac
testing modality, while 7 (8.4 %) had a nuclear medicine scan. Pre-
treatment cardiac testing modality differed from the post-treatment
testing modality in 5 (6 %) of patients. The group of patients with pre-
treatment cardiac testing only received an mean cumulative dose of
304.5 + 187.8 mg/m2 of PLD over a median of 4 [3-6] cycles
(Supplementary Fig. 2A). The group of patients who had both pre- and
post-PLD cardiac function testing received an average of 372.6 + 211.8
mg/m2 of PLD over a median of 5 [3-7] cycles before their subsequent
cardiac function test (Supplementary Fig. 2B). The median number of
months between the last PLD treatment and subsequent cardiac testing
was 2 [0-5.5] months.

Predictors of cardiac testing in our gynecologic oncology patient
population are shown in Table 3. Higher ECOG score (LR 13.3, p =
0.0047), diabetes (LR 6.0, p = 0.0146), and cardiac disease (LR 4.6, p =
0.0322) were all significantly associated with receiving cardiac testing
prior to initiation of PLD administration. Hypertension and obesity were
not associated with pre-chemotherapy testing. Predictors of pre- and
post-chemotherapy cardiac function testing were also evaluated. The
only predictors of pre- and post-treatment testing were the number of
cycles of PLD (LR 12.3, p < 0.0001) and total dose of PLD (LR 15.5, p <
0.0001). Initial EF, BMI, ECOG status, hypertension, obesity, diabetes,
cardiac disease did not predict cardiac evaluation before and after PLD
treatment (p > 0.05 for all).

Next, changes in EF following treatment with PLD were evaluated in
83 patients who had pre- and post-treatment cardiac testing available.
The mean change in EF across this cohort was an overall 1.6 + 8.1 %
improvement. Patients were further separated into three groups: pa-
tients without any change in EF (defined as < 10 % change in either
direction), patients with > 10 % increase in EF, and patients with > 10 %
decrease in EF. Overall, 75 (90.4 %) of patients had no change in EF
between pre- and post-treatment testing, 2 (2.4 %) patients showed
improvement (>10 % increase), and 6 (7.2 %) patients showed wors-
ening (>10 % decrease). The initial EF for patients without any change
was 59.5 + 0.6 %. Those patients with an increase in EF by more than
10 % had an initial EF 45.5 + 3.6 %, while patients with a decrease in EF
by more than 10 % had an initial EF 62.8 + 2.1 % (p = 0.004). There
were no differences between groups in number of cycles of PLD received,
total dose of PLD administered, rates of hypertension, obesity, diabetes,
or cardiac disease. One patient had a clinically significant decrease in EF
(32.5 %) which led to an interruption of treatment. Her echocardiogram
was obtained 1 month after completion of 9th cycle with a total PLD
dose of 630 mg/m>. This patient had a primary diagnosis of Stage IIB

Table 3

Predictors of pre-treatment cardiac evaluation alone and pre- and post-
treatment cardiac function testing. Predictors of pre-treatment testing only
were a higher ECOG score, diabetes mellitus, or cardiac disease. Predictors of
pre- and post-treatment testing were the number of cycles of PLD and total dose
of PLD received. Obesity defined as BMI > 30. ECOG, Eastern Cooperative
Oncology Group; EF, ejection fraction; LR, likelihood ratio; PLD, pegylated
liposomal doxorubicin. Significance set as p < 0.05 (*).

Parameter Patients with pre-PLD Patients with pre- and
cardiac function testing  post-PLD cardiac
(n = 216) function testing (n = 83)
LR P value LR P value
Higher ECOG score 13.3  p =0.0047* 6.7 p=0.0833
Diabetes 6.0 p = 0.0146* 1.8 p=0.1808
Cardiac disease 4.6 p = 0.0322% 23 p=0.1274
Hypertension 1.7 p = 0.4375 04 p=0.8175
Obesity 22  p=0.1376 25 p=0.1118
Total PLD dose (mg/m?) 15.5  p < 0.0001*
Number of cycles 12.3  p < 0.0001*
Initial EF - - 1.3 p=0.1064
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uterine carcinosarcoma, and had other co-morbidities, including sub-
stance abuse and hepatitis C.

4. Conclusions

Our study identified predictors of cardiac function testing for pa-
tients undergoing treatment with PLD and examined the effects of PLD
on cardiac function in a gynecologic oncology patient population. In our
cohort, pre-PLD treatment cardiac imaging was obtained in almost half
of the patients. Predictors of pre-treatment testing were higher ECOG
score, diabetes, and cardiac disease. Almost 20 % of patients had pre-
and post-PLD treatment cardiac testing. Predictors of cardiac testing for
both pre- and post-treatment were the number of cycles of PLD admin-
istered and the total cumulative dose of PLD received. On average, there
was no change in EF following treatment with PLD. Most patients (90 %)
had no change in EF, and only one patient had a significant symptomatic
EF drop which required discontinuation of chemotherapy. Of 83 patients
who had pre- and post-PLD treatment cardiac evaluation, the mean dose
of PLD was 373 mg/m? over a median of 5 cycles. The manufacturers of
PLD caution against exceeding the maximum cumulative dose of PLD
(550 mg/m?); and the majority of the gynecologic oncology patients in
our study and other studies are usually within that limit (Kushnir et al.,
2015). Although most patients in our study had no change in EF, 7.2 %
had a decrease in EF by more than 10 %. Notably, the patients who had a
decrease in EF that we considered significant (i.e., more than 10 %) had
a significantly higher initial EF prior to treatment initiation. This finding
could be interpreted as a normalization of EF, rather than a clinically
significant decrease or cardiotoxicity.

PLD is a chemotherapy regimen often used alone or in combination
for treatment of ovarian and other gynecologic malignancies. This
liposomal formulation of doxorubicin offers improved tissue targeting
and significantly less cardiac toxicity (Drummond et al., 1999; Allen and
Martin, 2004; Smith et al., 2010). Despite this, the FDA access sheet for
PLD contains a black box warning of cardiotoxicity and recommends
routine screening for cardiac toxicity of PLD, especially as the cumula-
tive dose approaches 550 mg/m?, although the FDA does not provide
guidelines on the exact timing of cardiac testing, apart from mentioning
baseline testing, testing during treatment to detect acute changes, and
testing after treatment to detect delayed cardiomyopathy (DOXIL,
1995). Current literature lacks large-scale studies evaluating the effect
of PLD on cardiac function in the gynecologic oncology population.
Studies pertaining to gynecologic malignancies have been reported,
however, are mostly limited by number of patients (Kushnir et al., 2015;
Dioun et al., 2019; Kesterson et al., 2010; Uyar, 2004). One study re-
ported on 7 patients who had received a cumulative dose of PLD > 400
mg/m? and had cardiac testing before and after PLD treatment
(Kesterson et al., 2010). The authors found no clinical evidence of car-
diotoxicity which resulted in interruption or discontinuation of treat-
ment. Another group described 46 patients who had underwent
treatment with PLD and had pre- and post-treatment cardiac surveil-
lance (Dioun et al., 2019). Three patients had a decrease in EF, and only
one of these patients required an interruption in treatment. These pa-
tients had received between 144 and 1,898 mg/m? cumulative dose of
PLD with resulting decrease in EF ranging from 10 to 35 %. Others still
have shown no effect of PLD on cardiac function, even when patients
receive PLD for a prolonged treatment course (>6 cycles) (Uyar, 2004)
or have risk factors for anthracycline-induced cardiotoxicity (Kushnir
et al., 2015).

Our study adds to the growing literature of retrospective cohorts
supporting the lack of clinically meaningful manifestation of PLD-
related cardiac dysfunction in the gynecologic oncology patient popu-
lation, and contains the largest population of gynecologic oncology
patients undergoing treatment with PLD screened for availability of
cardiac testing results. Nonetheless, our study has several limitations,
some of which are inherent to the nature of our study design. Timing of
cardiac surveillance was not standardized across our cohort, and only 1
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in 5 patients had testing before and after treatment with PLD. In addi-
tion, any cardiac testing performed outside of our electronic medical
record system could not be captured given lack of access to this data.
Although median number of months from last treatment dose until first
cardiac assessment was short (2 months), we are not able to account for
any potential or actual events or insults that could have occurred be-
tween the last treatment and next available cardiac function evaluation.
The optimal time to capture changes in EF following PLD administration
is unknown, although for doxorubicin, studies show cardio-toxic effects
on cardiac function varies from early and on treatment to late and off
treatment (Smith et al., 2010). Furthermore, only half of patients in our
cohort who received PLD had cardiac evaluation prior to the initiation of
treatment. Comparison of our findings to other studies is challenging
given overall heterogeneity, sample size, and retrospective nature of
published literature. Some authors have reported majority of patients
(>90 %) having baseline cardiac testing, despite only 17 % moving on to
have subsequent imaging throughout the treatment course (Kesterson
et al., 2010), while others outlined a selective cardiac testing algorithm
for patients with only high-risk features resulting in 15 % of patients
receiving cardiac surveillance during treatment (Kushnir et al., 2015).
Our observed number of patients who had undergone baseline cardiac
surveillance could be due to factors such as unavailability of records in a
retrospective chart review study or changes in clinical practice overtime
towards omitting cardiac testing.

Patients with certain co-morbidities, such as hypertension, pre-
existing cardiovascular disease, peripheral vascular disease, and
others, are more likely to develop anthracycline-associated cardiotox-
icity (Smith et al., 2010). Having these risk factors likely prompts pro-
viders to perform baseline cardiac testing for patients receiving PLD by
extrapolation of doxorubicin guidelines. We found higher ECOG score,
diabetes, and presence of cardiac disease to be predictors of cardiac
function assessment prior to initiation of treatment with PLD. Similarly,
patients with increasing number of cycles and cumulative dose of PLD
were more likely to undergo surveillance of cardiac function as they
went through treatment. We found that the vast majority of patients,
even those with the aforementioned risk factors, did not exhibit signif-
icant cancer therapy-associated cardiac dysfunction while on treatment
with PLD. Others have found that routine cardiac surveillance for all
patients is not cost-effective, and PLD-induced heart failure is extremely
rare, even in patients with high-risk features for anthracycline-induced
cardiotoxicity (i.e., advanced age, prior mediastinal irradiation, and
prior anthracycline exposure, and others) (Kushnir et al., 2015).
Approximating the cost of cardiac testing methods, such as echocar-
diogram or MUGA, has its challenges in the US healthcare system,
however, one study found savings of nearly $200,000 USD when a se-
lective cardiac evaluation algorithm (15 % of 184 patients) was used in a
gynecologic oncology patient population receiving PLD in North Car-
olina and Maryland (Kushnir et al., 2015). Currently, the American
Society of Clinical Oncology (ASCO) and Society of Gynecologic
Oncology (SGO) do not have consensus statements on cardiac surveil-
lance in patients receiving PLD, apart from mentioning that PLD can be
considered for patients with abnormal cardiac function who would
otherwise be receiving doxorubicin (Armenian et al., 2017; Society of
Gynecologic Oncology, 2023).

In summary, we found that PLD carries a low risk of cardiotoxicity in
patients being treated for gynecologic malignancies. We conclude that
routine screening of cardiac function before, during, and after treatment
with PLD should be used sparingly and limited to patients exhibiting
signs or symptoms of cardiac dysfunction. Prospective studies aimed at
understanding the extent of PLD effect on cardiac function and the
impact on nation-wide healthcare cost savings can help drive care for
our patients in the future.
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