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A B S T R A C T

Pegylated liposomal doxorubicin (PLD) is a palliative treatment option for patients with recurrent gynecologic
malignancies. It has an appealing toxicity profile and responses can be prolonged. There is no consensus as to the
level of cardiac toxicity. Current label warnings, National Comprehensive Cancer Network (NCCN) guidelines,
and extrapolation of prescribing guidelines from doxorubicin, may limit PLD's use in patients with baseline
cardiac comorbidities, limit the lifetime dosing of an effective palliative treatment, or lead to over-use of un-
necessary cardiac testing. This case series describes the experience of 18 patients using prolonged courses of PLD
for gynecologic malignancies with no cardiac toxicity.

1. Introduction

Advanced stage gynecologic malignancies are clinical challenges
when they recur. At the time of recurrence, treatment for advanced
stage uterine, ovarian, fallopian tube and primary peritoneal cancers is
generally palliative. Often patients and physicians are challenged with
balancing quality and quantity of life. Several chemotherapeutic agents
are useful in minimizing toxicity while prolonging quality life.
Pegylated liposomal doxorubicin (PLD) is one of these second line
palliative therapies for women with gynecologic malignancies.

PLD, an anthracycline chemotherapy derived from doxorubicin, is
the first FDA-approved cancer nanomedicine (Barenholz, 2012). It is
often very well tolerated, allowing patients to continue treatment
without significant adverse effects. Its response rate is high in both
uterine cancer and ovarian/fallopian tube/primary peritoneal disease
relative to the response rates of alternative drugs, making it an ap-
pealing choice among second line agents. Dosing is most commonly
40mg/m2 every 4 weeks, reduced from the original use of PLD at
50mg/m2 due to equal efficacy at both doses and better toleration
(Rose et al., 2001).

The most common side effects of PLD are dermatologic (plantar
palmar erythrodysesthesia, mucositis), but one of the primary warnings
is for potential cardiac toxicity. PLD's parent drug, doxorubicin, is as-
sociated with a sharp increase in congestive heart failure as cumulative
lifetime dose increases, reaching up to 26% of patients even when

cumulative doses is within the recommended lifetime dose of 450-
550mg/m2 (Kushnir et al., 2015; Theodoulou and Hudis, 2004). The
liposomal preparation of PLD decreases the risk of cardiac toxicity, but
there is no consensus on the objective cardiac risk reduction of PLD
compared to doxorubicin, the recommended maximum lifetime dose of
PLD, or standard recommendations for cardiac monitoring. The
package insert of PLD and other standard sources of prescribing in-
formation for physicians describe the cardiac risks. The National
Comprehensive Cancer Network recommends universal cardiac eva-
luation with ECHO or MUGA scan for a baseline, followed by repeat
testing at the physician's discretion. The literature, another source of
guidance for prescribing physicians, describes a much less significant
level of cardiac risk. There are several reports of small numbers of
patients who received more than the 500mg/m2 of PLD with no sig-
nificant cardiac ramifications (Blank et al., 2017; Grenader et al., 2010;
Rabinovich et al., 2015; Safra et al., 2000; Uyar et al., 2004). There are
additional reports indicating routine monitoring is futile due to high
level of safety of even prolonged courses of PLD (Gill et al., 2013;
Kesterson et al., 2010; Skubitz et al., 2017). In this manuscript we re-
port on the clinical course of 18 patients with gynecologic malignancies
who were treated with 10 or more cycles of PLD with median cumu-
lative dose of 865mg, ranging from 660mg to 2794mg, with no
symptomatic cardiac toxicity. Perhaps the accumulation of data doc-
umenting patient toxicity profiles will support prolonged use in patients
enjoying a response to treatment, as well as supporting discussions with
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patients to reflect true cardiac risk.

2. Methods

We performed a retrospective single institution review of patients
undergoing treatment with PLD between January 2009 and January
2019 who received at least 10 cycles. Patient medical records were
reviewed to identify characteristics of the patients, disease character-
istics, treatments, outcomes, complications, and monitoring for cardiac
complications in particular. Patient demographics, treatment details,
cardiac function/testing, and PLD toxicities were collected for each
patient. Toxicities were graded according to NCI common toxicity cri-
teria. Medical records were reviewed to identify signs and symptoms of
heart disease including: jugular venous distention, new murmur, per-
ipheral or pulmonary edema, new arrhythmia, dyspnea not explained
by other condition, orthopnea, and chest pain. An attempt was made to
identify cause of death for each deceased patient. Patients whose death
was directly related to their cancer are noted as such; other causes of
death were categorized as either cardiac-related or non-cardiac. Local
IRB approval was obtained prior to initiation of this study. Informed
consents were obtained from patients still undergoing therapy, or from
next of kin if deceased.

3. Results

At our institution, 156 patients were treated with PLD between
January 2009 and January 2019 for recurrent uterine, ovarian, fallo-
pian tube or primary peritoneal cancer. Of these, 18 patients received at
least 10 cycles of PLD. Table 1 shows the clinical and pathologic
characteristics of these patients. The majority (12/18) were diagnosed
with ovarian or primary peritoneal carcinoma, all with serous histology
except for 1 patient with endometrioid. Another 5 patients were diag-
nosed with uterine cancer of various histologic subtypes: 1 carcino-
sarcoma, 2 serous, 1 mixed endometroid and clear cell, and 1 un-
specified adenocarcinoma. Finally, there was 1 patient with carcinoma
of unknown primary with serous histology. Most were diagnosed at
advanced stage, 10 at stage III (55.6%) and 7 at stage IV (38.9%), with a
single exception at stage IIC. Median age at diagnosis was 60 years, with
a range from 43 to 79 years. The most common initial treatment
modality (14/18, 77.8%) was primary surgery followed by che-
motherapy; 2 (11.1%) patients received neoadjuvant chemotherapy,

and 2 (11.1%) others received chemotherapy alone. All patients re-
ceived initial chemotherapy with platinum and taxane based regimens.
The time to recurrence after completion of this treatment had a median
of 12months, with a range of 1–99months. At the time of writing, 4
patients remain alive. The remaining 14 patients died of disease, 2
patients for whom PLD was their most recent treatment choice. No
patients died of cardiac-related causes.

The PLD-treated patients included in this study received a median
cumulative dose of 865mg, with a range of 660mg – 2794mg
(Table 2). The range of the number of cycles patients underwent was
10–31. The 2 patients with the greatest number of cycles both had an

Table 1
Clinical and pathological characteristics of patients receiving at least 10 cycles of PLD.

Patient Age at
dx

Primary tumor
location

Tumor histology Stage Grade Primary
treatment

Time to recurrence
(months)

Mortality status Cause of death

1 43 Uterus Carcinosarcoma IV 3 NAC+ ICS 28 Deceased ARDS,aspiration
2 79 Unknown Serous IV 3 CT 1 Deceased Non-cardiac
3 69 Ovary Serous IIIB 3 PCS 9 Alive NA
4 61 Ovary Serous IIC 3 PCS 30 Deceased Non-cardiac
5 55 Uterus Serous IIIC1 3 PCS 13 Deceased Cancer
6 45 Ovary Endometrioid IV 2 NAC+ ICS 99 Deceased Cancer
7 63 Ovary Serous IIIC 3 PCS 2 Deceased Cancer
8 53 Ovary Serous IIIA 3 PCS 72 Deceased Cancer
9 72 Uterus Adenocarcinoma, unspecified IV ? CT 11 Deceased Cancer
10 57 Uterus Serous IVB 3 PCS 5 Alive NA
11 75 Ovary Serous IIIC 2 PCS 13 Deceased Non-cardiac
12 59 Ovary Serous IIIC 3 PCS 15 Deceased Non-cardiac
13 57 Ovary Serous IV 3 PCS 28 Deceased Non-cardiac
14 49 Primary Peritoneal Serous IIIC 3 PCS 26 Deceased Non-cardiac
15 64 Ovary Serous IIIC 3 PCS 2 Deceased Non-cardiac
16 53 Ovary Serous IIIC 3 PCS 3 Deceased Non-cardiac
17 61 Ovary Serous IIIC 3 PCS 6 Alive NA
18 65 Uterus Mixed endometrioid and clear

cell
IVB 3 PCS 1 Alive NA

NAC+ ICS=Neoadjuvant chemotherapy with interval cytoreductive surgery.
CT=Chemotherapy.
PCS=Primary cytoreductive surgery; all patients treated with PCS received platinum/taxane chemotherapy after.

Table 2
PLD treatment.

Patient PLD cycles Cumulative
PLD dose
(mg)

PLD line
of
treatment

PFS (months) Reason for
discontinuation

1a 31 2794 2 37 Death
2b 25 1740 2 27 Progression
3 18 1326 3 16 Progression
4 15 1204 3 14 Progression
5 14 1000 3 14 Progression
6 13 956 4 12 Progression
7 13 916 2 12 Progression
8 12 992 4 66 Progression
9 12 804 4 12 Progression
10 12 816 2 14 Chemo holiday

with stable
disease

11 12 904 3 12 Progression
12 11 682 4 11 Progression
13 11 754 3 11 Progression
14 11 826 3 11 Death
15 10 660 2 12 Progression
16 10 716 2 10 Progression
17 10 680 3 10 Progression
18 10 720 3 10 Progression

a Patient 1 received 19 cycles of PLD and was given a chemo holiday with
stable disease. She received an additional 12 cycles after progression
9.4 months later.

b Patient 2 received 10 cycles of PLD and was given a chemo holiday with
stable disease. She received an additional 15 cycles after progression
5.1 months later.
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interval chemotherapy holiday due to stable disease then resumed PLD.
PLD was given as the second line of chemotherapy for 6 patients, third
line for 8 patients, and fourth line for 4 patients. The median time from
diagnosis to initiation of PLD treatment was 26months, with a range of
8–126months. For 15 patients (83.3%) PLD was discontinued due to
progression of disease; 1 patient progressed while on chemo holiday
and opted for alternate therapy. The remaining 2 patients passed away
of progressive disease-related issues while on PLD.

Toxicities experienced by this cohort of patients are the most
commonly reported and dose limiting toxicities in similar studies
(Table 3). The most common was dermatitis; 50% of patients had grade
1 and another 11% developed grade 2. Other toxicities included grade 1
nausea in 17% of patients; grade 1 neuropathy, grade 2 esophagitis,
grade 1 cough, grade 2 mucositis, and grade 1 fatigue each occurring in
6% of patients. No patients experienced grade 3 or 4 toxicities.

The cardiac history and monitoring of each patient is outlined in
Table 4. Prior to beginning treatment with PLD only 1 patient had any
history of cardiac disease, with atrial fibrillation well controlled on
atenolol. Six (6/18) patients had an available LVEF measurement prior
to beginning treatment with PLD. Half (9/18) of the patients had in-
terval LVEF monitoring prior to completion of PLD treatment after a
varying number of cycles. Of the 6 patients who had multiple LVEF
measurements, 3 had stable LVEF, 1 saw an increase of 5%, and 2 had a
decrease in LVEF (by 10% and 16%). The median duration from last
cycle of PLD to last LVEF measurement was 16.2 months, with a range
of 0.2–54.7 months. No patient had a recorded LVEF of< 55% before,

during, or after PLD treatment. There were 3 patients in the study po-
pulation who had no LVEF measurements available. No patient ex-
hibited any clinical signs or symptoms of heart disease at any point
during or after PLD treatment.

4. Discussion

PLD is a second line agent for uterine and ovarian/fallopian tube/
primary peritoneal cancer with a relatively high level of efficacy.
Ovarian cancer treatment is palliative only once it recurs, and when
platinum resistant the response rates of all second line therapies are
low. Recurrence of uterine cancer outside the pelvis is also palliative for
most women, with even fewer chemotherapy options, each with low
response rates. The response rate of PLD reported in the literature is up
to 29% (Campos et al., 2001) in ovarian/fallopian tube/primary peri-
toneal cancers with up to 49% of patients with stable disease (Rose
et al., 2001). There is less data about efficacy of PLD in uterine cancer,
with series showing response rates of 9.5–21% (Escobar et al., 2003;
Muggia et al., 2002). If a patient with one of these diseases has a re-
sponse to PLD, this and other series show the response could be pro-
longed. In this series, median PFS was 12months, with a range of
10–66months. Median overall survival of women with a prolonged
response to PLD was 57.2months, with a range of 21.8–223.3 months.
Limitations of lifetime doses of PLD based on unsubstantiated cardiac
risks may shorten overall survival time for select patients with recurrent
ovarian/fallopian tube/primary peritoneal and uterine cancers.

The quality of life for patients on PLD is generally good, with low
rates of Grade 3/4 toxicities. Patients with incurable disease often
prioritize quality of life to a greater degree than those with hopes of
cure. While the most commonly reported symptoms are dermatologic,
patients in this series reported few side effects overall. Their perceived
quality of life allowed continued treatment in circumstances under
which any toxicity at all may have led them to decline active treatment
in favor of palliative care alone. There were no Grade 3 or 4 toxicities in
our study population. Grade 1 and 2 toxicities were limited to derma-
tologic, including palmar-plantar erythrodysesthesia (PPE) or rash, and
nausea. While response rates may be improved with doublet therapy,
the risk and toxicity of doublets is higher. This was shown by the
AURELIA trial, where doublet therapy using second line chemotherapy

Table 3
PLD toxicitiesa.

Patient Grade 1: Number (%) Grade 2: Number (%)

Dermatitis 9 (50%) 2 (11%)
Neuropathy 1 (6%) 0
Nausea 3 (17%) 0
Esophagitis 0 1 (6%)
Mucositis 0 1 (6%)
Cough 1 (6%) 0
Fatigue 1 (6%) 0

a No patients experienced grade 3 or 4 toxicities.

Table 4
Cardiac monitoring.

Patient History of heart
disease

Baseline
LVEF

Interval LVEF (PLD
cycles completed)

Post-PLD LVEF
(test used)

PLD cycles completed at
last LVEF (total cycles)

Time from final PLD cycle
to last LVEF (months)⁎

Clinical signs or symptoms
of heart disease⁎⁎

1 No 60%a 65% (19)a 55–60%a 31 (31) 0.2 No
2 No 60%a 65% (24)a 65%a 25 (25) 16.7 No
3 No ? 60% (12)b ? 12 (18) – No
4 No ? – ? NA – No
5 No ? 60% (13)a ? 13 (14) – No
6 No 61%b 61% (6)b 55–60%a 13 (13) 0.7 No
7 No ? – 58%b 13 (13) 0.7 No
8 No ? 66% (10)b and 70%

(16)b
66%b 22 (22) 57.4 No

9 No 70%b 70% (7)b 60%a 12 (12) 20.7 No
10 Yes⁎⁎⁎ ? 65% (10)a ? 10 (12) – No
11 No ? – 55%a 12 (12) 15.8 No
12 No ? – 72%b 11 (11) 27.0 No
13 No 60–65%a – – 0 (11) – No
14 No ? – 70%a 11 (11) 1.7 No
15 No 76%b – 60%a 10 (10) 54.7 No
16 No ? – – NA – No
17 No ? 60% (9)a – 9 (10) – No
18 No ? – – NA – No

⁎ In this column indicates that no LVEF measurements were taken after completion of PLD.
⁎⁎ At any point during or after PLD treatment.
⁎⁎⁎ Atrial fibrillation well controlled on atenolol.
a Measured by TTE.
b Measured by MUGA.
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with bevucizumab resulted in improved PFS by 3.3months, at the cost
of an increase in adverse events from 40.3% to 57%. Interestingly, there
was no increase in heart failure when bevucizumab was added to
standard second line single agent chemotherapy, but there was an in-
crease in PPE (Pujade-Lauraine et al., 2013). Treatment with single-
agent PLD offers minimal side effects while offering potentially pro-
longed responses.

The most concerning potential side effect of doxorubicin and PLD is
often cited as congestive heart failure. Doxorubicin works through
several mechanisms of action, primarily inhibition of DNA topoisome-
rase II which induces DNA double strand breaks. Doxorubicin also binds
to mitochondrial cardiolipin and intracellular iron, creating oxygen free
radicals. Doxorubicin-induced oxidative stress and oxygen free radicals
in turn lead to cardiomyocyte damage. Cardiac tissue is more sensitive
to oxidative stress because of their metabolic differences and mi-
tochondrial density compared to tumor cells. Cardiomyocytes have
non-chelated intracellular iron which also increases the production of
oxygen free radicals by doxorubicin. High doses of the drug increases
the toxicity to both cardiac tissue and tumor. PLD is one of the first FDA
approved and most frequently used nanomedicines, formulated to
specifically target tumor tissue. Doxorubicin is loaded into small lipo-
somes that are selectively released through fenestrations of blood ves-
sels in tumor tissue. The liposomal preparation allows sparing of dox-
orubicin effect on healthy tissue including cardiomyocytes. Lower
plasma concentration of doxorubicin is also seen with PLD due to slow
release into blood and tissue because of the liposome. Pegylation,
coating the liposome with a hydrophilic protective coating, allows a
prolonged time of the drug in circulation due to its ability to evade
immunologic elimination. Both lower plasma levels and improved
ability to target tumor tissue allow for the sparing of cardiac toxicity
with PLD (Gabizon et al., 2016).

The degree to which the cardiac risk is reduced with PLD is not well
established. Theodoulou and Hudis (Theodoulou and Hudis, 2004) state
that use of PLD vs. conventional doxorubicin reduced incidence of
cardiotoxicity by 5-fold even in doses ≥500mg/m2. This benefit was
also seen in patients with a high risk for cardiotoxicity, such as those
over 65 or a history of cardiac disease. There are multiple case series
reporting outcomes for over 100 patients undergoing treatment with
prolonged courses of PLD (> 450mg/m2). In these case series, there
were no patients with any clinical evidence of cardiac toxicity, and only
one reported to have> 10% change in ejection fraction without any
symptoms of heart failure (Rabinovich et al., 2015; Safra et al., 2000;
Uyar et al., 2004; Gill et al., 2013; Kesterson et al., 2010). Our data on
an additional 18 women with cumulative PLD doses ranging from
660mg–2794mg and no symptoms of cardiotoxicity, support these
findings. This significantly challenges the validity of a maximum re-
commended lifetime dose of PLD for palliative use.

Cardiac monitoring with MUGA or echocardiography (ECHO) is
frequently utilized during the course of PLD treatment, however the
need for such measurements is not well established. The NCCN re-
commends a baseline ECHO with repeat testing at the physician's dis-
cretion. There are several studies that support the need for cardiac
surveillance on a selective basis. Gill et al. (Gill et al., 2013) propose
that only patients with cumulative doses of PLD ≥1000 ng/m2 should
be monitored. Alternatively, Kushnir et al. (Kushnir et al., 2015) pro-
posed that monitoring only select patients at increased risk for cardiac
disease was much more cost-effective without adversely affecting
clinical outcomes. The patients we present underwent testing de-
pending on the practice patterns of the treating physician, cardiac risk
factors, and total dose of PLD given.

Treatment with PLD is palliative, making informed consent vital to
the discussion of treatment. The theoretical risks of treatment-related
heart failure must be weighed against risk of death from disease.
Virtually all patients with recurrent ovarian cancer will die of their
disease or other life-limiting comorbidities. Over 80% of patients with
uterine cancer recurrences outside the pelvis will face the same

prognosis. Quality of life throughout the duration of palliative treat-
ment must be a major factor in discussion of goals of treatment and is
considered a distinguishable benefit of PLD. With appropriate coun-
seling, patient and physicians together may decide whether the quality
of life and potential quantity of life benefits are worth taking the evi-
dently limited risk of developing heart failure.

The strength of this study is in the number of patients who met the
inclusion criteria during the study period. This provides strength for the
assertions of the authors and builds on much of the recently published
data describing the safety of this treatment from a cardiac standpoint. A
weakness of this report is its retrospective nature, which limits the
standardization of treatment among patients. There was also no stan-
dard protocol for cardiac monitoring during the time period of the
study. The study period is long and multiple providers cared for these
patients, although one provider treated over 90% of them. The ex-
perience of the other 138 patients who underwent treatment with<
10 cycles of PLD was not described, but the treating physicians had no
anecdotal evidence for discontinuation of treatment due to clinical
symptoms of CHF. The patients treated with at least 10 cycles of PLD
who died during the period of the study and data collection did not
have autopsies to assess cardiac function peri-mortem. Quality of life
data was retrieved from retrospective studies. Future prospective stu-
dies using QOL questionnaires may more objectively measure toxicity.

In conclusion, for patients with advanced recurrent gynecologic
malignancies, PLD can be an effective drug for prolonged palliative use.
The collective experience of these patients show that the quality of life
impact does not include cardiac toxicity. This is useful for providers
when considering prolonged PLD as a palliative treatment option for
patients with clinical benefit from the drug.
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