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OBJECTIVE Pegylated liposomal doxorubicin (PLD;
CAELYX®), a novel formulation of doxorubicin with enhanced
therapeutic efficacy and reduced toxicity, has demonstrated
improved progression-free survival in recurrent or refractory
ovarian cancer. The objective of this open-label, non-
comparative, observational study was to determine the efficacy
and safety of PLD monotherapy or combination therapy with
carboplatin for patients with recurrent or refractory ovarian
cancer.

METHODS  Sixty-two patients with recurrent or refractory
ovarian cancer who completed a platinum-based chemotherapy
regimen and demonstrated platinum sensitivity for first-line
treatment at least 6 months prior to study entry were enrolled
in 20 centers in China. PLD was given as monotherapy (50
mg/m’ infused over 60 minutes) or as combination therapy
(30 mg/m* 1-hour infusion) with carboplatin (area under the
curve 5 mg-min/mL 1-hour infusion) on day 1 every 28 days
for 4 cycles. The primary endpoint was objective response (OR)
rate or CA-125 level. Secondary endpoints included time to
response, time-to-progression, health-related quality of life, and
safety.

RESULTS Overall, 48% of the 62 evaluable patients achieved
a confirmed OR. More patients receiving PLD and carboplatin
achieved an OR vs the PLD monotherapy group (63% vs. 37%).
The median time to response and disease progression was
58.5 days and 56.0 days, respectively. Overall and drug-related
adverse events were reported for 39% and 34%, respectively.
The most commonly reported adverse events were stomatitis
(22.6%) and palmar-plantar erythroderma (9.7%). Two deaths
were reported.

CONCLUSION PLD is an effective and well tolerated agent
in women with recurrent or refractory epithelial ovarian cancer.

KEY WORDS: carboplatin, ovarian cancer, pegylated
liposomal doxorubicin, recurrent, refractory.
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Introduction

Delays in diagnosis, due to lack of recognition of common symp-
toms such as abdominal pain and swelling, gastrointestinal symp-
toms, and pelvic pain, can contribute to the occurrence of wide-
spread ovarian cancer at diagnosist'*!. Ovarian cancer ranks fifth
in cancer deaths among women. The 1-year survival rate after
diagnosis is approximately 76%, and 45% survive longer than 5
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years after diagnosis.

Recommended primary or adjuvant therapy for ovar-
ian cancer is a combination of surgical staging and cy-
toreduction plus 3 to 6 cycles of cytotoxic therapy with
a taxane and a platinum compound (eg, carboplatin,
oxaliplatin, or cisplatin), although alternative regimens
are availablePl. The prognosis in these patients is poor
if they progress after 2 consecutive chemotherapy regi-
mens without a clinical benefit or for those whose dis-
ease recurs in less than 6 months. In general, retreatment
with a platinum compound or paclitaxel is not recom-
mended, because of resistance to the primary induction
regimen®. Evidence suggests that a non-platinum-based
regimen may be efficacious. For patients who cannot
tolerate or have had unsuccessful results from chemo-
therapy regimens, hormonal therapy with tamoxifen or
other aromatase inhibitors may be considered.

Patients who relapse more than 6 months after ini-
tial chemotherapy are considered “platinum-sensitive”
and have the greatest number of potential options for
second-line therapy. In selected patients, there are po-
tential ancillary surgical and/or supportive care proce-
dure options. Evidence suggests that platinum-based
combination chemotherapy may be superior to single-
agent therapy in this situation!®l. Overall response rates
reported with several newer cytotoxic agents in ovarian
cancer appear similar as follows: topotecan, 20%!";
gemcitabine, 19%®); vinorelbine, 20%!*!%; liposomal
doxorubicin, 26%!'; and oral etoposide, 27% in plat-
inum-resistant patients and 35% in platinum-sensitive
patients!'?l. While the aims of treatment for recurrent
or resistant disease traditionally have been palliative,
the introduction of pegylated liposomal doxorubicin
(PLD) (Caelyx®, Schering-Plough Corporation, Ke-
nilworth, NJ), has demonstrated the ability to increase
progression-free survivall®l. One option includes the use
of PLD alone or in combination with a platinum-based
therapy in patients whose ovarian cancer recurs after 6
months, because these patients are considered platinum-
sensitive.

Pegylated liposomal doxorubicin (PLD) is a unique
formulation of doxorubicin in which a polyethylene gly-
col layer surrounds a doxorubicin-containing STEALTH
® liposome. The purpose of pegylation is to protect
the liposomes from detection and breakdown by the
reticuloendothelial system!¥. The protective coat of
the drug increases the plasma half-life compared with
conventional doxorubicin, thus the drug stays longer in
circulation similar to a prolonged infusion. This formu-
lation also allows the drug to penetrate through defec-
tive tumor vessels as an intact liposome, accumulating
drug in the tumor tissue over a prolonged period!*. The
purpose of this study was to determine the efficacy and
safety profiles of PLD as a single agent or as combina-
tion therapy with carboplatin for patients with recurrent
or refractory ovarian cancer.
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Patients and Methods

Study design

This open-label, non-comparative, observational, multi-
center study evaluated the safety and efficacy of mono-
therapy of PLD or combination therapy with carboplatin
and PLD. Adult patients with recurrent or refractory
ovarian cancer from 20 centers in China were evaluated.
This observational study was conducted in conformance
with Good Clinical Practices.

Eligibility criteria

Eligible patients were women who were > 18 years old
and had histologically proven ovarian epithelial cancer
that was documented as recurrent or refractory by ap-
propriate radiologic imaging (such as, X-ray, ultrasound,
CT scan, MRI) with measurable or evaluable disease.
Evaluable disease was defined as unidimensionally
measurable lesions, masses with margins not clearly
defined, lesions with both diameters < 0.5 c¢cm, lesions
on scan with either diameter smaller than the distance
between cuts, palpable lesions with either diameter < 2
cm, or bone disease. Patients should not have received
prior treatment with PLD, and for combination therapy,
should have completed a platinum-based chemotherapy
regimen and demonstrated platinum sensitivity for first-
line treatment at least 6 months prior to study entry.

In addition, patients must have an Eastern Coopera-
tive Oncology Group (ECOG) performance status < 2;
normal electrocardiography; normal organ function,
except if abnormal due to tumor involvement; bone mar-
row function (platelets > 100,000/mm?, hemoglobin >
10 g/dL, and neutrophils > 1.5 x 10°/mm?); renal func-
tion (serum creatinine < 2.5 mg/dL); and liver function
(serum bilirubin and transaminase levels > 2 x upper
limit of normal). Written informed consent was obtained
from all patients.

Patients were excluded from the study if they had
non-evaluable disease, which was defined as pleural ef-
fusions, ascites, or disease documented by indirect evi-
dence only, such as by a laboratory value. In addition,
patients were excluded if they had received PLD for
treatment of a gynecologic malignancy, hypersensitivity
to anthracycline therapy, prior radiation therapy to more
than 1/3 of the hematopoietic sites, or had symptomatic
metastasis to the brain. Other exclusion criteria were
a history of cardiac disease (congestive heart failure);
clinically significant hepatic disease; uncontrolled bacte-
rial, viral, or fungal infection; pregnant or breast feed-
ing; exhibited confusion or disorientation; any other
active primary tumor, under treatment, except basal or
squamous cell carcinoma of the skin or carcinoma in
situ; or any condition (medical, social, and psychoso-
cial) that would prevent adequate follow-up.
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Treatment plan

PLD was given as a single agent (50 mg/m? infused
over 60 minutes) or as combination therapy (30 mg/m?
infused over 60 minutes) with carboplatin at area-under-
the-curve (AUC) (5 mg'min/mL1-hour infusion) on day
1 every 28 days for 4 cycles. Patients with disease re-
currence at least > 6 months from prior platinum-based
therapy (platinum-sensitive disease) were included in
the combination therapy group. Patients without plati-
num-sensitive disease were included in the single-agent
group. Drug dosage was modified as a function of hema-
tologic nadir or when the patient was unable to tolerate
the dose. Patients were premedicated with antiemetics,
5-hydroxytryptamine 3 (5-HT3) receptor antagonists,
prior to receiving carboplatin, and were properly hy-
drated as per the protocol for carboplatin infusion.

Treatment discontinuation was allowed if the patient
developed progressive disease or was unable to tolerate
the therapy despite dose reduction. In addition, treat-
ment was discontinued for an absolute granulocyte count
< 500 cells/mm? for 3 consecutive cycles after dose
reduction or other grade 4 hematologic toxicities, ex-
cluding anemia or any grade 4 nonhematologic toxicity.
Patients were also excluded if they had a clinical need
for concomitant drugs contraindicated by the protocol,
exhibited signs and symptoms of cardiotoxicity, if the
physician had concern related to the patient’s welfare, or
if the patient withdrew consent.

If patients required palliative or primary radiation
therapy, study drugs were withheld during the course of
radiation therapy until recovery. The suggested mini-
mum time was at least 30 days after radiation. These
patients were retreated with study drug provided that the
metastases did not represent progression of disease and
there was no evidence of radiation recall reaction.

Efficacy assessment

The evaluable patient population for the primary effi-
cacy analysis included all patients who met all inclusion
and exclusion criteria, received at least 2 cycles of study
drug as prescribed, and completed all visits accord-
ing to the study schedule. All patients who received at
least one dose of study drug (partial or complete dose)
were included in the intent to treat (ITT) analyses. The
primary endpoint was an objective response (OR) rate,
including complete response (CR: complete disap-
pearance of all measurable and evaluable disease) and
partial response (PR: 50% decrease in the sum of the
products of bidimensional perpendicular diameters of all
measurable lesions), as determined by physical exami-
nation and radiological assessments, or tumor marker
(CA-125 level). Radiological imaging (i.e., X-ray, CT
scan, MRI, or ultrasound), CA-125 levels, and objec-
tive response rates were obtained prior to the study, after
every 2 cycles, and at the end of the study. Patients who
achieved a CR or PR were reevaluated every 4 weeks
afterwards to confirm the initial observation of response.

Secondary endpoints included time to response (time
from the start of study drug to the first observation of
durable response), time to progression (time from the
first observation of durable response to the first observa-
tion of progressive disease, or to death due to any cause,
or early discontinuation of treatment due to progressive
disease), and health-related quality of life (HR-QOL).
The European Organization for Research and Treatment
(EORTC) core quality of life questionnaire (QLQ-C30,
version 3.0) was completed at baseline and at visits 1-4.
The questionnaire was designed to measure cancer pa-
tients' physical, psychological, and social functions and
is composed of 5 multi-item scales (physical, role, so-
cial, emotional and cognitive functioning) and 9 single
items (pain, fatigue, financial impact, appetite loss, nau-
sea/vomiting, diarrhea, constipation, sleep disturbance
and quality of life).

Safety assessments

All patients who received at least one dose of study drug
(partial or complete dose) were evaluable for safety.
Safety was assessed by examination of adverse events,
clinical laboratory data, and vital signs prior to study
(baseline), prior to each cycle, and at the end of the
study. Adverse events were recorded during the treat-
ment, which included details such as symptoms, dura-
tion, severity and correlation (no-correlation, possibly
no-correlation, possible correlation, and correlation),
measures, and corrections. Severe adverse reactions
were assessed as those reactions that prolonged in-
hospital time, or when there was danger of life, severe
or lasting disability, occurrence of cancer, or overdose
(dose more than permitted intentionally or not). In ad-
dition, cardiac safety assessments were evaluated: in
the event of decreasing cardiac function, treatment was
continued if there was evidence of clinical benefit and
if cardiac biopsy demonstrated no evidence of cardiac
damage.

Statistical analysis

Continuous variables were summarized by mean, me-
dian, standard deviation and range. Categorical vari-
ables were summarized by frequency and percentage.
The objective response rate was calculated and reported
along with the two-sided 95% confidence interval. Time
to response and time to progression were summarized.
EORTC QLQ-C30 score was summarized at each visit,
and the changes from baseline were also concluded
along with two-sided 95% confidence interval. Treat-
ment emerging events (AEs) were summarized. AE
severity and their relationship to the study medication
would also be presented. The number of patients report-
ing any AEs, the occurrence of specific AEs, and discon-
tinuation due to AEs would be tabulated. SAS 8.02 was
used to analyze the data.
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Results

A total of 62 patients were enrolled in the study and re-
ceived treatment (Table 1). The mean age was approxi-
mately 53 years, and the mean of duration of disease
was 2.8 years. Of these patients, approximately 90%
were enrolled because of evaluable disease, whereas,
approximately 10% of patients were enrolled with a
CA-125 level increase alone. The majority (53%) of
patients had grade Illc disease and 13% had grade IV
disease. Overall, 56% of patients had an ECOG score
of 0, 35% of patients had an ECOG score of 1, and 6%
of patients had an ECOG score of 2. Among the 62
patients, 35 were treated by PLD single agent therapy
and 27 were treated by combination therapy.

Efficacy

The intention-to-treat efficacy analysis was based on
62 patients; a confirmed OR was achieved in 48.4%.
When evaluating each treatment arm, more patients with
carboplatin and PLD combination therapy achieved an
OR (63%) compared with the PLD monotherapy group
(37%) (Table 2). The CR rate was 14.3% and 25.9%,

and the PR rate was 22.7% and 37.0% for monotherapy
and carboplatin combination therapy groups, respective-
ly. Overall, 19.4% of patients had stable disease, defined
as those that did not qualify for CR, PR, or progression,
and 25.8% of patients had progressive disease, defined
as a greater than 25% increase in the sum of the prod-
ucts of the longest perpendicular diameters of lesions or
the appearance of new lesions.

The overall median time to response was 58.5 days
(54 days for monotherapy and 62 days for combina-
tion therapy), and the median time to progression was
56.0 days (52 days for monotherapy and 75 days for
combination therapy). Results of the EORTC QLQ-C30
(Fig.1) showed that there were no consistent changes
or significant differences in the overall health-related
quality of life in either treatment group or the combined
group over time.

Safety

Overall, 24 (38.7%) patients reported adverse events.
Two patients in the PLD-monotherapy arm (n = 35;
5.7%) experienced drug-related death. The most com-
monly reported adverse events related with PLD were

Table 1. Patient demographics.

PLD combination

Variable PLD Monotherapy therapy with carboplatin Total
Assessable patients () 35 27 62
Age (years)

Median 52 51 52

Range 35-79 31-71 31-79
ECOG PS (%)

0 49 67 56

1 40 29 35

2 9 4 6

3 3 0 2
Course (years)

Median 2.48 1.87 221

Range 0.27-12.20 0.30-4.70 0.27-12.20
Treated before (%)

Evaluable disease 91 89 90

Alone CA-125 level increased 9 11 10
Histologic grade (%)

v 11 15 13

IIIc 51 56 53

11Ib 9 4 6

IIIa 0 3

III (not available to subtype ) 6 11 8

11 11 7 10

1 6 0 3

Not known 6 0 3

ECOG PS= Eastern Cooperative Oncology Group Performance Status.
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Table 2. Response rates with PLD monotherapy or plus carboplatin.

No. of Patients (%)
PLD monotherapy PLD combination therapy

Total (n = 62)

(n=35) with carboplatin (n = 27)

Complete response (CR) 5(14.3) 7(25.9) 12 (19.4)
Partial response (PR) 8(22.9) 10 (37.0) 18 (29.0)
Stable disease 9 (25.7) 3 (11.1) 12 (19.4)
Progressive disease 11 (31.4) 5(18.5) 16 (25.8)
Unable to be judged 2 (5.7) 2(7.4) 4(6.5)
Objective response (OR)* 13 (37) 17 (63) 30 (48)
95% CI 21%-53% 45%-81% 36%-61%

*Objective response (OR) rate includes complete response (CR) and partial response (PR)

Table 3. Adverse events (AEs) in patients receiving PLD monotherapy or
combination of PLD and carboplatin.

No. of Patients (%)

PLD monotherapy PLD combination therapy Total (1 = 62)

(n=135) with carboplatin (n = 27)
Patients with any AEs 14 (40.0) 10 (37.0) 24 (38.7)
Overall drug-related AEs 12 (34.3) 9(33.3) 21(33.9)
Stomatitis 12 (34.3) 2(7.4) 14 (22.6)
PPE 4(11.4) 2(7.4) 6(9.7)
Diarrhea 1(2.9) 1(3.7) 2(3.2)
Stomach ache 2(5.7) 0(0.0) 2(3.2)
Serious AEs (SAEs) 2(5.7) 0(0.0) 2(3.2)
Drug-related SAEs 2(5.7 0(0.0) 2(3.2)

PPE = palmar-plantar erythrodysesthesia; SAEs = severe adverse events.

30 O Monotherapy

20- H Combination therapy
with carboplatin

BAIl groups

Median EORTC QLQ Score

Baseline 1 2 3 4

Visit

Fig.1. Median EORTC QLQ score at baseline and at visits 1, 2, 3, and 4 for each treatment group. There
were no consistent changes or significant differences in the overall health-related quality of life in either treat-
ment group or in the combined group over time.
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stomatitis (22.6%), palmar-pantar erythrodysesthesia
(PPE: 9.7%), diarrhea (3.2%), and stomach ache (3.2%)
(Table 3). Stomatitis, diarrhea, and stomach ache were
seen more frequently in the PLD-monotherapy arm com-
pared to the PLD combination with carboplatin arm. The
dose-limiting toxicity of PLD was PPE. These adverse
reactions were assessed carefully prior to administration
of each cycle. Increasing the length of the cycle was the
optimum method for avoiding subsequent occurrence of
the PPE.

Serious events occurring most frequently with carbo-
platin were bone marrow suppression, peripheral neu-
ropathy, and renal toxicity. After a total of 4 cycles the
study physician decided if the patient should continue
therapy with PLD or other drugs. Severe hypersensitiv-
ity reactions required immediate discontinuation and
appropriate therapy, and patients such as these were not
rechallenged.

Discussion

First-line treatment options for advanced ovarian cancer
such as carboplatin and paclitaxel are typically associ-
ated with resistance or refractoriness. A different agent
is warranted (e.g., second-line) based on delayed dimi-
nution in computerized tomography scan measurements
after the second and the fourth treatment cycles. PLD
may be used in the second-line treatment setting, either
as monotherapy or in combination in platinum-sensitive
patients.

Though conventional doxorubicin has a widespread
degree of clinical use in the adjuvant setting for en-
dometrial cancer, ovarian, and cervical cancer, its as-
sociated toxicity may preclude adequate dosing, thus
limiting its potential therapeutic effect. The potential for
cardiotoxicity is associated with high cumulative doses
of doxorubicin, while individual doses are often limited
by myelosuppression. Because of its toxicity profile, its
use either as a single agent or as part of a combination
regimen is limited.

Caelyx®, a novel liposomal formulation of doxoru-
bicin, was developed to maintain the anti-tumor activity
of doxorubicin by delivering doxorubicin to tumors with
improved specificity. In addition, decreased toxicity is
generally seen due to a reduction in nonspecific drug de-
livery to normal tissues and the high peak plasma levels
of free drug, which are responsible for toxicity. Tumor-
selective uptake has been observed in patients whose le-
sions could be biopsied in early clinical trials!'®. Doxo-
rubicin levels were observed in the lesions of 18 patients
with AIDS-related Kaposi’s sarcoma receiving PLD that
were 5.2 to 11.4 times greater than those found in the
patients receiving comparable doses of standard doxoru-
bicin.

The STEALTH® liposomes evade recognition by the
immune system because of their unique PEG coating,
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which avoids the rapid hepatic uptake characteristic of
conventional liposomes and has been documented to
have a circulation half-life in man of 40 hours, which is
approximately 100-fold longer when compared to stan-
dard doxorubicin. Following PLD administration, the
time to neutrophil count (ANC) nadir is also extended
relative to standard doxorubicin (approximately 21 days
for PLD compared to 10 to 14 days for doxorubicin).

Data from this study show that PLD was generally
well tolerated. Drug-related adverse events were report-
ed in 34.3% of the monotherapy group and 33.3% of the
carboplatin combination therapy group, demonstrating
tolerability. Indeed, the tolerability of PLD in relapsed
ovarian cancer has been demonstrated in a number of
phase II and III studies!'""*17!8] One of the most com-
mon adverse events associated with PLD is PPEI13:17.18]
PPE, which is also called hand-foot syndrome, presents
as a cutaneous reaction typically involving the soles of
the feet and palms of the hands. The reaction begins
with paresthesias of the extremities that is followed by
erythema and edema, sometimes complicated by severe
pain and cracking of the skin. The exact cause of PPE is
unknown; however, the pharmacokinetics and size of the
liposomes may result in localization of PLD in the skin.
Early recognition of PPE symptoms is important in the
management of this adverse event. Dose modification,
by decreasing the dose or lengthening the dosing inter-
val, has been recommended and is effective in prevent-
ing or reducing toxicity!’*!l. Patients can also minimize
the reaction by avoiding those daily activities that cause
increased perfusion of the skin or mild trauma to skin
surfaces.

In this study, patients had not received prior treat-
ment with PLD and for combination therapy, should
have completed a platinum-based chemotherapy regi-
men and demonstrated platinum sensitivity for first-line
treatment at least 6 months prior to study entry. Overall,
48.4% of the 62 evaluable patients achieved a confirmed
OR. The CR rate was 14.3% and 25.9% and the PR rate
was 22.7% and 37.0% for monotherapy and carboplatin
combination therapy groups, respectively.

The efficacy of PLD in relapsed ovarian cancer
has also been demonstrated in phase II and III stud-
ies!'1317.181 "For example, phase II studies by Muggia
et al.'" and Gordon et al.l'”! showed response rates of
26% and 17%, respectively, for relapsed ovarian cancer.
A phase III trial compared the use of PLD versus topo-
tecan as second-line treatment for platinum/paclitaxel-
resistant ovarian cancer, demonstrating comparable
efficacy and favorable tolerability profile for PLD!'3,
The overall response rates for PLD and topotecan were
19.7% and 17.0%, respectively (P = 0.390), and the
median progression-free survival rates were 28.9 and
23.3 weeks, respectively (P = 0.037). Long-term follow
demonstrated that PLD significantly prolonged survival
compared with topotecan, and the survival benefit was
marked in patients with platinum-sensitive diseasel'®].
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Recently reported results of a randomized phase
III trial, CALYPSO, demonstrated the advantage of
the PLD-carboplatin combination over the standard
paclitaxel-carboplatin combination in 976 patients with
recurrent ovarian cancer relapsing > 6 months after first-
or second-line platinum-based therapy®”. The median
progression-free survival (the primary endpoint) was
significantly superior in the PLD-carboplatin arm versus
the paclitaxel-carboplatin arm (11.3 vs. 9.4 months, P =
0.005). Notably, premature discontinuation of therapy
due to toxicity was more frequent in the paclitaxel-
carboplatin arm (15% vs. 7%) as were non-hematologic
grade 3-4 toxicities (37% vs. 28%). These results dem-
onstrate PLD-carboplatin to be a viable treatment option
for women with platinum-sensitive recurrent ovarian
cancer.

In summary, PLD has a convenient administration
schedule, making it an ideal agent to administer in an
outpatient clinic. Because of its favorable toxicity pro-
file, PLD can be administered every 21-28 days, maxi-
mizing delivery of doses and therapeutic effect. In this
trial, PLD was effective and well tolerated in women
with recurrent or refractory epithelia ovarian cancer.
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