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Abstract

Purpose To compare the efficacy, safety, and tolerability profiles of pegylated liposomal doxorubicin and carboplatin (PLDC)
with those of gemcitabine and carboplatin (GC) for the treatment of patients with platinum-sensitive recurrent ovarian cancer.
Methods Ovarian cancer patients with recurrence > 6 months after first-line platinum and taxane-based therapies were ran-
domly assigned to PLDC [pegylated liposomal doxorubicin 30 mg/m? plus carboplatin area under the curve (AUC) 5 mg/
mL/min on day 1] every 4 weeks or GC (gemcitabine 1000 mg/m? on days 1 and 8 plus carboplatin AUC 4 mg/mL/min on
day 1) every 3 weeks for at least 6 cycles. The primary endpoint was progression-free survival, and overall response rate,
overall survival, toxicity, and dose administration were secondary endpoints.

Results One-hundred patients (49 PLDC; 51 GC) were randomly assigned. Over a median follow-up of 24 months, the
median progression-free survival was 12.0 months (95% CI 9.2-15.0) for PLDC and 9.8 months (8.9-12.3) for GC [HR 0.69
(0.455-1.047)] with a difference of 2.2 months. The response rate was 57.1% (41.0-72.3) for PLDC and 56.4% (39.6-72.2)
for GC. No obvious differences in toxicity (G3/4) were noted between arms. The median relative dose intensity of planned
dose per week was 88.9% for pegylated liposomal doxorubicin and 53.1% for gemcitabine (p <0.0001).

Conclusions PLDC and GC are both good treatment candidates for platinum-sensitive recurrent ovarian cancer patients;
however, the dose intensity was lower for GC than for PLDC. PLDC had a more favorable risk—benefit profile than that of
GC for patients.

Keywords Platinum-sensitive recurrent ovarian cancer - Pegylated liposomal doxorubicin - Gemcitabine - Randomized
clinical trial

Introduction

Ovarian cancer is the leading cause of gynecologic cancer
death [1, 2]. Chemotherapy has good efficacy as a first-line
treatment for ovarian cancer, but many patients experience
recurrence [3]. Even in cases of recurrence, the main treat-
ment modality is chemotherapy, and a number of regimens
have been developed. Molecular-targeted therapies have
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been developed, and their effectiveness for the treatment of
recurrent ovarian cancer has been reported [4]. Anti-vascular
endothelial growth factor (VEGF) monoclonal antibody and
poly(ADP-ribose) polymerase (PARP) inhibitors, in particu-
lar, prolong progression-free survival [5, 6], and numerous
clinical studies are currently underway [4]. The efficacy of
immune check point inhibitors in the treatment of recurrent
ovarian cancer has also been reported [7].

Anti-VEGF monoclonal antibody and a PARP inhibitor
have been approved for clinical use in Japan since Novem-
ber 2013 and January 2018, respectively. However, it is not
applicable to all patients because of problems with adverse
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side effects and expense [8]. Immune check point antibody
inhibitors are not approved for use in ovarian cancer in
Japan, and these drugs are expensive, which is economically
problematic [9]. Thus, it is necessary to provide conven-
tional cytotoxic chemotherapy in Japan and other countries.

Under both Japanese national guidelines [10] and
National Comprehensive Cancer Network (NCCN) guide-
lines [11], the recommended cytotoxic treatment regimen for
platinum-sensitive recurrent ovarian cancer is the addition
of taxane, pegylated liposomal doxorubicin, or gemcitabine
to carboplatin-based therapy. Paclitaxel plus carboplatin
[12] is widely used, but it is often not possible to use dur-
ing recurrence because of adverse effects such as peripheral
sensory neuropathy and hair loss. In these cases, pegylated
liposomal doxorubicin plus carboplatin (PLDC) therapy [13]
or gemcitabine plus carboplatin (GC) therapy [14] is alter-
native options, but the selection of an appropriate regimen
depends on an accurate understanding of efficacy and poten-
tial adverse effects. Although there is a systematic review
comparing the respective reports of PLDC therapy and GC
therapy [15], there are no reports directly comparing these
two regimens. Therefore, we compared the efficacy, safety,
and tolerability profiles of PLDC with those of GC for the
treatment of patients with platinum-sensitive recurrent ovar-
ian cancer.

The registration of this study was between June 2011 and
November 2014. Most of the period was before the approval
of Bevacizumab in Japan. Therefore, our study is unique,
because we evaluated these cytotoxic regimens without the
effects of a new therapy.

Materials and methods

This GOTIC (Gynecologic Oncology Trial and Investigation
Consortium of North Kanto)/Intergroup, phase II, centrally
randomized, multicenter, open-label, parallel noncompara-
tive [16, 17] trial (UMIN 000,005,487) was designed to eval-
uate the combination of pegylated liposomal doxorubicin
and carboplatin (PLDC) and gemcitabine and carboplatin
(GC) for the treatment of patients with platinum-sensitive
recurrent ovarian cancer. The primary endpoint was progres-
sion-free survival. The secondary endpoints were overall
response rate, overall survival, toxicity, and drug administra-
tion status. In the PLDC group, PLD 30 mg/m? in combina-
tion with carboplatin area under the curve (AUC) 5 mg/mL/
min was administered every 4 weeks. In the GC group, gem-
citabine 1000 mg/m? on days 1 and 8 and carboplatin AUC
4 mg/mL/min were administered on day 1 every 3 weeks.
Women at least 20 years with recurrent ovarian, fallopian,
and peritoneal cancer at least 6 months after the completion
of first-line platinum-based therapy were eligible. Patients
with measurable disease or assessable lesions according to

the Response Evaluation Criteria in Solid Tumors (RECIST
Verl.1) were eligible. Other key eligibility criteria included
an Eastern Cooperative Oncology Group performance status
of <2; life expectancy of at least 4 months; and adequate
bone marrow, renal, and hepatic function. Patients with
elevated CA125 without measurable disease or assess-
able lesions were excluded. Written informed consent was
obtained from all patients before enrollment. The study was
conducted in accordance with the Declaration of Helsinki.
Before patient entry, the appropriate institutional ethics
committee for each participating institution approved the
protocol.

Before random assignment, patients were stratified based
on a therapy-free interval from the prior chemotherapy (6-12
vs. > 12 months) and histological type (clear cell carcinoma/
mucinous vs. other). Patients were treated for a total of 6
cycles of therapy in the absence of unacceptable toxicity or
disease progression.

For dose reduction/withdrawal criteria, the PLDC group
followed the CALYPSO trial [13], and the GC group fol-
lowed the AGO-OVAR trial [14].

Treatment for adverse events was permitted as appropri-
ate. Other anti-neoplastic agents, hormone therapy, radiation
therapy, hyperthermia, or surgical therapy for tumors, were
not permitted. There were no restrictions on post-treatment
after termination or withdrawal from the study.

The primary endpoints included the median progres-
sion-free survival, 0.5-year survival rate, 1-year survival
rate, and two-sided 95% confidence intervals for each treat-
ment group. The survival function was obtained using the
Kaplan—Meier method. Confidence intervals for the survival
function were obtained with standard error using Green-
wood’s formula and using the normal distribution.

The response rate, rate of adverse events, and drug admin-
istration status (treatment completion rate, dose intensity,
etc.) were analyzed as secondary endpoints. The two-sided
95% confidence intervals based on the binominal distribu-
tion were obtained for each item, and no intergroup compari-
sons were performed. In addition, overall survival time was
analyzed. The median survival time, 0.5-year survival rate,
1-year survival rate, and two-sided 95% confidence inter-
vals for each treatment group were determined. The survival
function point and interval estimation were performed using
the same methods as those for the primary endpoints.

Because this was a noncomparative [16, 17] trial, no sta-
tistical test was performed for these analyses. Only the rela-
tive dose intensity of the planned dose per week (RDI) was
analyzed by Wilcoxon’s rank sum test.

The median progression-free survivals were 8—10 months
for paclitaxel + carboplatin (TC) therapy [13, 18],
10-11 months for pegylated liposomal doxorubicin + car-
boplatin therapy [13, 14], and about 9 months for gemcit-
abine + carboplatin therapy [14]. In addition, the lowest
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reported median progression-free survival among the treat-
ments for each group is 5.8 months for carboplatin therapy
[14]. Therefore, the efficacy of GEM + carboplatin therapy
over carboplatin therapy should exceed this lower confidence
limit. The lower confidence limit of median progression-free
survival was 5.3, 5.8, 6.0, and 6.1 when the number of events
per group was 20, 30, 40, or 50, respectively, for a median
survival time set at 10 months and 2000 simulations. There-
fore, 40 events were necessary to obtain a lower confidence
limit of at least 6 months, and because of censoring, the
minimum number of events per group should be 50.

Results

One-hundred patients (49 PLDC; 51 GC) were randomly
assigned from 22 academic institutions belonging to GOTIC
and/or intergroup in Japan. Table 1 shows the patients’ back-
ground. Baseline characteristics were generally well bal-
anced between two treatment arms.

For progression-free survival assessment, 92 events
were observed. Over a median follow-up of 24 months, the
median progression-free survival was 12.0 months (95% CI
9.2-15.0) for PLDC and 9.8 months (95% CI 8.9-12.3) for
GC [HR 0.69 (95% CI 0.455-1.047)]. The Kaplan—Meier
curve for progression-free survival, the 0.5-year survival
rate, the 1-year survival rate, and the 95% CI for each are
shown in Fig. 1a with no obvious differences observed
between the two groups. The overall survival curve is shown
in Fig. 1b with no obvious differences observed between the
two groups. The response efficiency is shown in Table 2.
The response rate was 57.1% (95% CI 41.0-72.3) for PLDC
and 56.4% (95% CI 39.6-72.2) for GC with no obvious dif-
ferences between the two groups. The disease control rate
(SDR), including SD (stable disease), was also 83.3% in the

Table 1 Patients’ background

Subject characteristics PLDC (N=49) GC (N=50)
Treatment-free interval
6-12 months 29 (59.2) 28 (56.0)
12-24 months 10 (20.4) 12 (24.0)
Over 24 months 10 (20.4) 10 (20.0)
Histologic type
CCC or mucinous 5(10.2) 7 (14.0)
Other 44 (89.8) 43 (86.0)
Performance status
0 44 (89.8) 45 (90.0)
1 3(6.1) 5(10.0)
2 2 (4.1) 0

PLDC pegylated liposomal doxorubicin and carboplatin, GC gemcit-
abine and carboplatin, CCC clear cell carcinoma
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PLDC group and 84.6% in the GC group with no difference
between the two groups.

Data on adverse events are shown in Table 3. No obvious
differences in toxicity (G3/4) were observed between arms.
Although there were no significant differences, the rates of
thrombocytopenia and allergic reaction were higher in the
GC group. Conversely, the rate of palmar—plantar erythro-
dysesthesia syndrome was significantly higher in the PLDC,
when comparing all grades, although all cases in the two
groups were G1-2.

A comparison of drug administration for both groups
is shown in Table 4. The median relative dose intensity
of the planned dose per week (RDI, %) was 88.9% for
pegylated liposomal doxorubicin and 53.1% for gemcitabine
(»<0.0001). Furthermore, the treatment completion rate for
6 cycles was higher for PLDC (63.3%, 95% CI 48.3-76.6)
than for GC (31.4%, 95% CI 19.1-45.9).

Discussion

We compared PLDC and GC regimens for platinum-sen-
sitive recurrent ovarian cancer directly. Although no sig-
nificant difference was observed, the median progression-
free survival for the PLDC group was 12.0 months and
that for the GC group was 9.8 months with a difference of
2.2 months. The average median progression-free survival
in systematic reviews [15] of PLDC [19-23] and GC [14,
24-27] is 10.6 months and 8.9 months, respectively, which
was comparable to our study.

The results of the phase III trial of PLDC + Bevacizumab
vs. GC + Bevacizumab for platinum-sensitive recurrent
ovarian cancer are currently reported in AGO-OVAR2.21/
ENGOT-o0v18 [28]. The median progression-free survival
of PLDC + Bevacizumab and GC + Bevacizumab was
13.3 months (95% CI 11.7-14.3) and 11.7 months (95% CI
11.1-12.8), respectively, and the difference was 1.6 months,
which may determine the standard treatment for platinum-
sensitive recurrent ovarian cancer. We found similar data,
and there was a 2.2-month longer median progression-free
survival in the PLDC arm without Bevacizumab. Our PLDC
and GC arms were 1.3 and 1.9 months shorter, respectively,
than the median progression-free survival of ENGOT-ov18.

A comparison of the relative dose intensity of the planned
dose per week (RDI, %) between the PLDC group and the
GC group revealed that the carboplatin RDI was similar for
both groups, whereas the mean gemcitabine RDI was signifi-
cantly low. This was a result of the fact that gemcitabine on
day 8, in particular, was often reduced or skipped, because it
did not meet the dosing criteria. The main reason for reduc-
ing or skipping gemcitabine on day 8 was neutropenia. In
this study, the main reasons for cycle delay in the GC arm
were neutropenia (70.6%) and thrombocytopenia (17.6%).
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Fig.1 a Kaplan—Meier estimates of progression-free survival. The
hazard ratio for recurrence in the PLDC arm compared with that of
the GC arm was 0.69 (95% CI 0.455-1.047). b Kaplan—Meier esti-

Pfisterer et al. also reported that for GC therapy, the gem-
citabine RDI was lower than that for carboplatin (76.5% vs.
96.2%) [14].

The treatment completion rate for 6 cycles was also lower
in the GC arm than in the PLDC arm (PLDC: 63% vs. GC:
31%). In the GC arm, the main reason for breaking protocol
was repeated dose reduction due to adverse events such as
neutropenia and thrombocytopenia (51.4%). Disease pro-
gression was the second reason for breaking protocol in the
GC arm, but the rate was only 14.3%. Among the patients
who broke protocol in the GC arm, 53% (16/30) continued
GC as post-study therapy without the strict criteria employed
in this study. On the other hand, in the PLDC arm, the rate of

mates of overall survival. The hazard ratio for recurrence in the
PLDC arm compared with that of the GC arm was 1.039 (95% CI
0.606-1.783)

breaking protocol due to the criteria was only 5.6%, whereas
that due to disease progression was 44.4%.

We found that maintaining the dose intensity of gemcit-
abine using this protocol was difficult in Japanese patients.
However, in complying with this protocol, there were no
differences in the incidences of Grade 3/4 hematologic and
non-hematologic toxicities between the two groups.

The average rates of G3 or higher hematological toxici-
ties in the PLDC group for the treatment of patients with
platinum-sensitive recurrent ovarian cancer [15] were as fol-
lows: anemia 13.6%, thrombocytopenia 30.6%, neutropenia
45.5%, and febrile neutropenia 4.9%. The rates for the PLDC
group in our study were 20.4%, 34.7%, 67.3%, and 2.0%,
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Table 2 Response efficacy

Arm
Response PLDC (n=42%) GC (n=39%)
No % No %
NE 0 0 1 2.6
PD 7 16.7 5 12.8
SD 11 26.2 11 28.2
PR 20 47.6 19 48.7
CR 4 9.5 3 7.7

RR (CR+PR) 24
[95% CI]

57.1[41.0,72.3] 22 56.4 [39.6, 72.2]

PLDC pegylated liposomal doxorubicin and carboplatin, GC gem-
citabine and carboplatin, NE not evaluable, PD progressive disease,
SD stable disease, PR partial response, CR complete response, RR
response rate

“Target positive at baseline

respectively, with the rate for neutropenia being higher than
that previously reported (P=0.0049). The average rates of
G3 or higher hematological toxicities for the GC group were
as follows: anemia 24.5%, thrombocytopenia 29.7%, neutro-
penia 62.9%, and febrile neutropenia 1.1% [15]. The rates for

Table 3 Adverse events

the GC group in our study were 13.7%, 45.1%, 82.4%, and
0%, respectively, with rates for thrombocytopenia and neu-
tropenia in the GC group being higher than the previously
reported rates (P=0.023 and P=0.0036). Although no con-
clusions can be drawn from these different studies, compared
with the previous reports from Europe and the United States,
both regimens induced neutropenia more often in Japanese
patients, with the regimen used for the GC group resulting
in an increased incidence of thrombocytopenia.

Peripheral sensory neuropathy is a common problem in
TC therapy, and there was a significant difference in the
proportion of patients experiencing peripheral sensory neu-
ropathy above Grade 2 between the two groups in this study:
16.3% in the PLDC group and 2.0% in the GC group. The
rate of peripheral sensory neuropathy above Grade 2 for
TC therapy in the same patient group is 26.9% [13], which
suggests that the rate in both groups of our study was low.
Although the cause of the higher rate of peripheral sensory
neuropathy of Grade 2 or more in the PLDC group than in
the GC group was unclear, there was a relationship between
palmar—plantar syndrome and the PLDC group. However,
there was only 1 case of peripheral sensory neuropathy of
Grade 3 or more (2.0%), and no advanced neurological
symptoms were observed in association with TC therapy.

Toxicity PLDC (n=49) GC (n=50)
Grade Grade
1 2 3 4 1 2 3 4
No % No % No % No % No % No % No % No %
Hematologic
Anemia 6 122 28 571 9 184 1 2.0 9 176 27 529 6 118 1 2.0
Neutrophil count decreased 1 2.0 10 204 22 449 11 224 1 2.0 11.8 31 608 11 21.6
Platelet count decreased 11 224 11 224 9 184 8 163 10 19.6 157 16 314 17 13.7
Nonhematologic
Allergic reaction*® 1 2.0 0 0 0 0 0 0 2 39 3 5.9 2 39 0 0
Alopecia 184 2 4.1 0 0 0 0 11 216 0 0 0 0 0 0
Diarrhea 7 143 2 4.1 0 0 0 0 3 5.9 0 0 0 0 0 0
Fatigue 15 306 1 2.0 0 0 0 0 24 471 1 2.0 0 0 0 0
Febrile neutropenia 0 0 0 0 1 2.0 0 0 0 0 0 0 0 0 0
Mucositis oral 18 367 6 122 0 0 0 0 7 137 0 0 0 0 0 0
Nausea 24 490 5 102 1 2.0 0 0 27 529 4 7.8 1 2.0 0 0
Peripheral motor neuropathy 6 122 3 6.1 0 0 0 0 2 3.9 0 0 0 0 0 0
Peripheral sensory neuropathy 11 224 7 143 1 2.0 0 0 16 314 1 2.0 0 0 0 0
Palmar-plantar erythrodyses- 16 327 1 2.0 0 0 0 0 2 39 1 2.0 0 0 0 0

thesia syndrome**

Vomiting 11 224 1 2.0 0 0

0 0 5 9.8 2 39 0 0 0 0

PLDC pegylated liposomal doxorubicin and carboplatin, GC gemcitabine and carboplatin
*All grade; PLDC 2.0% [95% CI 0.1-10.9] vs. GC 13.7% [95% C1 5.7-26.3]
**All grade; PLDC 34.7% [95% CI 21.7-49.6] vs. GC 5.9% [95% CI 1.2-16.2]
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Table 4 Dose administration PLDC (N=49) GC (N=51)
Doxorubicin  Carboplatin  Gemcitabine = Carboplatin
Dose intensity per week (DI) (mg/body/week)
Median 9.7 97.2 530.0 98.7
Min 7.4 57.2 273.0 52.2
Max 13.0 162.6 948.2 179.0
Relative dose intensity of the planned dose per week (RDI) (%)
Median 88.9% 88.9 53.1% 85.7
Min 67.6 52.8 28.1 47.5
Max 100.4 100.0 95.5 100.0
Cumulative dose intensity (CDI) from the  81.4 79.8 42.3 56.8
total of 6 cycles doses (%)
Treatment completion rate for 6 cycles (%) 63.3 314
95% CI (48.3,76.6) (19.1, 45.9)

PLDC pegylated liposomal doxorubicin and carboplatin, GC gemcitabine and carboplatin

*Wilcoxon’s rank sum test: p <0.0001

Therefore, it may be beneficial for patients to change to GC
or PLDC in cases, where peripheral sensory neuropathy
associated with previous TC therapy remains unresolved.

Allergic reactions of Grade 2 or more were observed in
9.8% of patients in the GC group and 0% of patients in the
PLDC group. A low allergic response to PLDC has been
reported previously [13]. Although the reason remains
unclear, the combination of PLD and carboplatin causes
few allergic reactions, which suggests that this regimen is
particularly suited for long-term treatment.

There were several limitations of this study. First, regi-
mens included only cytotoxic drugs. Nowadays, several new
drugs are recommended as a targeted therapy for platinum-
sensitive recurrent ovarian cancer. Our regimens may have
been old, but these cytotoxic regimens are still used and
selected for platinum-sensitive recurrent ovarian cancer ther-
apy. Second, we have no QOL data, and we only obtained
data from a Japanese population. Therefore, it is important to
reveal differences in nationalities by examining international
clinical data in the future.

In conclusion, PLDC and GC are both good treatment
candidates for platinum-sensitive recurrent ovarian cancer
patients, but the dose intensity was lower for GC than for
PLDC. PLDC had a more favorable risk—benefit profile than
GC for the patients in this study. Our results for conventional
cytotoxic chemotherapy may have implications in the treat-
ment of platinum-sensitive recurrent ovarian cancer patients
who have no indications for molecular-targeted medicine.
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