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Abstract
Background/objective  Platinum-refractory or -resistant ovarian cancer (PRROC) is associated with poor prognosis and low 
response to further chemotherapy. We investigated predictors of effectiveness of following treatments for PRROC.
Patients and methods  We included 380 patients diagnosed with stage I–IV ovarian, fallopian tube, or primary peritoneal 
cancer, who were treated at the National Cancer Center Hospital in Japan from January 2007 to December 2014 and recurred 
after initial treatment, who had a platinum-refractory or -resistant relapses and received chemotherapy, in this single-center, 
retrospective study. We investigated factors related to response to following treatment, and to progression-free survival (PFS).
Results  Among 183 patients (48%) who suffered recurrences, 62 (34%) developed PRROC after chemotherapy. In multivari-
ate analysis, platinum-free interval (PFI) < 3 months was independently associated with progressive disease (odds ratio [OR] 
6.043, 95% confidence interval [CI] 1.485–24.595, P = 0.012). Median PFS was 139 days (95% CI 19.4–258) among patients 
with PFI > 3 months, but was 57 days (95% CI 34.7–79.2) among those with PFI < 3 months. In multivariate analysis, two 
factors, performance status (PS) 1–2 (HR 1.915, 95% CI 1.074–3.415, P = 0.028) and PFI < 3 months (HR 1.943, 95% CI 
1.109–3.403, P = 0.02), were independently associated with worse PFS.
Conclusions  PS 1–2 and PFI < 3 months were significant predictors of poor response to following treatment for PRROC. 
Risks and benefits of treatment should be frankly discussed with patients who have these characteristics.

Keywords  Platinum-refractory ovarian cancer · Platinum-resistant ovarian cancer · Predictive marker · Prognostic marker · 
Chemotherapy · Platinum free interval

Introduction

Ovarian cancer (OC) is the seventh most frequently diag-
nosed cancer, and the eighth most common cause of can-
cer mortality, among women worldwide, with an estimated 

21,000 new cases diagnosed, and more than 14,000 deaths, in 
2015 [1, 2]. Although patients who receive platinum-based 
regimens as first-line treatment have a 70–80% response 
rate and, with approximately 50% response for patients with 
platinum-sensitive relapses [3–7]. Some patients are initially 
refractory or resistant to platinum-containing regimen and 
most patients including initially platinum-sensitive relapse 
will eventually become resistant to platinum.

Treatment options for patients with platinum-refractory or 
-resistant epithelial ovarian, fallopian tube, or primary peri-
toneal cancer (PRROC) include single cytotoxic agents such 
as pegylated liposomal doxorubicin (PLD), gemcitabine 
(GEM), topotecan (NGT) and paclitaxel (PTX) [1]. How-
ever, a few clinical trials and real-world studies show low 
response rates to these chemotherapies (average 10–15%), 
with progression-free survival (PFS) of 3–4 months and 
median survival of about a year [8]. The effective survival 
in patients with PRROC is dismal and development of new 
treatment strategies for PRROC is crucial. Also, indications 
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for chemotherapy for patients with PRROC should be cau-
tiously evaluated, with the equivocal efficacy of chemo-
therapy weighed against its likely effects on the patient’s 
systemic condition and quality of life. Frequent hospitaliza-
tions from toxicities or complications have been reported for 
patients with PRROC because of poor general health or poor 
organ function caused by their disease or past treatments 
[1]. Few studies have evaluated predictors of chemotherapy 
response among patients with PRROC, although PFI is the 
strongest predictor for platinum retreatment response in 
platinum-sensitive recurrent OC [9, 10].

As it is therefore uncertain which patients with PRROC 
can benefit from these regimens, we investigated predictive 
factors for chemotherapy response in this setting.

Patients and methods

Patients

We performed this single-center, retrospective study with 
approval from the National Cancer Center Institutional 
Review Board No. 2016-442), in accordance with guide-
lines on medical and epidemiological research in an epide-
miologic study. After obtaining institutional review board 
approval, the OC database containing all patients treated at 
the National Cancer Center Hospital in Japan was used to 
identify all patients diagnosed with International Federation 
of Gynecology and Obstetrics FIGO) stage I–IV ovarian, fal-
lopian tube, or primary peritoneal cancer treated from Janu-
ary 2007 to December 2014. We extracted data of patients 
who had a platinum-refractory or -resistant relapses and 
received chemotherapy. We defined “platinum-refractory 
relapse” as disease progression while receiving last-line 
platinum-based therapy or within 4 weeks of a patient’s last 
platinum dose; and defined “platinum-resistant relapse” as 
disease for which progression-free interval was less than 
6 months after the patient received her last-line platinum-
based therapy [10]. Patients were categorized as “primary 
platinum-resistant” PPR) if they recurred within 6 months of 
the conclusion of primary platinum chemotherapy. Patients 
who acquired platinum-resistant disease in the course of 
platinum-containing chemotherapy also were included 
in this study as “acquired platinum-resistant” APR). We 
excluded patients who were lost to follow-up, were assigned 
to clinical trials, or received following platinum-based regi-
mens Fig. 1.

Definition of therapy

We performed surgery and/or chemotherapy for all patients 
in our institute, according to their stage, histology, and 
grade. Primary debulking surgery or interval debulking 

surgery was performed using maximal effort to achieve 
complete resections by a gynecologic oncologist, including 
metastases. All patients received platinum-containing regi-
mens as first-line chemotherapies, according to patients’ and 
doctors’ choices, including conventional paclitaxel/carbopl-
atin (TC), dose-dense TC, TC + bevacizumab, weekly TC, 
or docetaxel/carboplatin (DC). Each treatment was repeated 
for 6–8 cycles.

Patients with platinum-sensitive relapses also received 
platinum-containing regimens based on patients’ and doc-
tors’ choices, including TC, GEM/carboplatin, DC, PLD/
carboplatin, or weekly TC.

Patients with PRROC received single-agent regimens as 
patients’ and doctors’ choices, including PLD (50 mg/m2 
on Day 1) in a 28-day cycle; GEM (1000 mg/m2 on days 1, 
8, and 15) in a 28-day cycle; CPT-11 (irinotecan; 100 mg/
m2 on days 1, 8, and 15) in a 28-day cycle; NGT (1.5 mg/
m2 on days 1–5) in a 21-day cycle; and PTX (80 mg/m2 on 
days 1, 8, and 15) in a 28-day cycle. For combination use 
of bevacizumab, doses were 10 mg/kg biweekly. Each treat-
ment was repeated until progressive disease (PD) or severe 
adverse effect occurred.

Data collection

Detailed data were collected from patient records. Clinical 
characteristics included age; histological type; number of 
prior platinum-sensitive regimen; performance status (PS); 
PFI (defined as the interval between the date of the last plati-
num dose and the date of relapse); and types of regimen. 
We investigated which factors affected PFS and response 
to treatment. PFS was estimated from the date started of 
non-platinum chemotherapy to date of progression or death. 

Pla�num-refractory or pla�num-resistant Ovarian Cancer(PRROC) (2007-2014)
(n=118)

Lost to follow-up n=4
Pla�num-based regimen n=8

Pla�num-resistant Ovarian Cancer using single agent chemotherapy
<En�re cohort of this study>

(n=62)
Figure1. Current study cohort

Recurrent Ovarian Cancer (2007-2014)
(n=183)

Pla�num-resistant Ovarian Cancer using chemotherapy
(n=74)

Without chemotherapy n=36
Assigned clinical trials n=8

Diagnosis with stage I –IV ovarian cancer between 2007 – 2014 at the NCCH
who had received any therapy (n=380)

No recurrence n=197

Fig. 1   Current study schematic
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Also, overall survival (OS) was estimated from the initial 
date of non-platinum chemotherapy to date of death. Treat-
ment responses were evaluated based on Response Evalu-
ation Criteria in Solid Tumors (RECIST) guideline ver 1.1 
[11].

Statistical analysis

We performed univariate and multivariate analyses with 
patients’ data, and considered histology type (serous/ endo-
metrioid, clear/ mucinous/ other), number of prior platinum-
sensitive regimen (1 vs 2–4), Eastern Cooperative Oncol-
ogy Group PS (0 vs 1–2), PFI (< 3 months vs ≥ 3 months), 
types of regimen (PLD, GEM/ CPT-11/ NGT/ weekly 
PTX/ others). We divided the histology type with consid-
ering sensitivity of chemotherapy. The PFI were separated 
into two terms, that is, < 3 months and ≥ 3 months because 
the 3 months of PFI is sometimes used for stratification 
in PRROC trial including the AURELIA trial and several 
reports, which showed that sensitivity of chemotherapy was 
different by 3 months of PFI in patients with platinum-sensi-
tive relapse [12–14]. Independent prognostic factors for PFS 
were determined using Cox proportional hazards regression 
models. In multivariate analyses, we included variables for 
which P < 0.05 in univariate analyses. Independent prognos-
tic factors for response to following treatment were deter-
mined using logistic regression analysis. All statistical tests 
were two-sided; P < 0.05 was considered significant. We 
used SPSS version 17.0 (Chicago, IL, USA) for all analyses.

Results

Patient characteristics

A schematic of our study cohort is shown in Fig. 1. Among 
380 patients who were diagnosed with FIGO stage I–IV 
ovarian, fallopian tube, or primary peritoneal cancer from 
January 2007 to December 2014 at our hospital, 183 patients 
(48%) who had received any treatment suffered recurrences; 
of these 183 patients, 62 (34%) had PRROC and were treated 
with single-agent chemotherapy; these 62 patients met the 
inclusion criteria for this study.

Their characteristics are shown in Table 1. Their median 
age was 57 years (range 36–76 years). Their performance 
scores were PS 0: n = 44, PS 1: n = 16, and PS 2: n = 2 
(patients with PS3 or 4 received no chemotherapy). Of 
the 62 patients, 26 patients were PPR, 36 patients were 
APR. Among APR patients, 27 had two prior platinum-
sensitive regimens, 7 had three regimens, 1 had four regi-
mens and 1 had five regimens. Forty-one patients had PFIs 
of 3–6 months and 21 patients had PFIs < 3 months. Fifty 
% of patients choose Doxil regimen for the schedule in a 

28-day cycle as patients’ and doctors’ choices. There was 
no information of breast cancer susceptibility gene (BRCA​
) status in our cohort.

Table 1   Patients clinicopathological characteristics

PDS primary debulking surgery, IDS interval debulking surgery, 
PFI platinum-free interval, PPR primary platinum resistant, APR 
acquired platinum resistant; CPT-11 irinotecan, GEM gemcitabine, 
NGT topotecan, PLD pegylated liposomal doxorubicin, wPTX weekly 
paclitaxel
a Among the PLD group (n = 31) is 1 patient who received a com-
bined PLD + bevacizumab regimen

N (%)

Median age (range) 57(36–76)
Operation
 PDS 29 (47)
 IDS 28 (45)
 None 5 (8)

The residual tumor volume
 Complete surgery 17 (27)
 Optimal surgery 26 (42)
 Suboptimal surgery 14 (23)
 None 5 (8)

Histological type
 Serous 51 (82)
 Clear 8 (13)
 Endometrioid 1 (2)
 Mucinous 1 (2)

Other 1 (2)
The number of prior platinum-sensitive regimen
 PPR
  1 26 (42)

 APR
  2  27 (44)
  3 7 (11)
  4 1 (2)
  5 1 (2)

PS
 0 44 (71)
 1 16 (26)
 2 2 (3)

PFI (months)
 ≧3 41 (66)
 < 3 21 (34)

Regimen
 PLDa 31 (50)
 GEM 19 (31)
 CPT-11 6 (10)
 NGT 2 (3)
 wPTX 1 (2)
 Others 3 (5)
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Efficacy of single‑agent regimens

Of the 62 patients on single-agent regimens, 7 (11%) 
showed partial response (PR), 18 (29%) showed stable dis-
ease (SD); 37 (60%) showed progressive disease (PD) dur-
ing the study period, and 0 showed complete response CR; 
Table 2. Median PFS among all patients was 75 days (95% 
CI 0–673 days), and median OS was 9.7 months (95% CI 
1.5–44.5 months).

Factors that affected response to chemotherapy

In univariate analysis, PS 1–2 (P = 0.022), and 
PFI < 3 months (P = 0.005) were significantly associated 
with worse response, including PD, whereas age, histo-
logical type, number of prior platinum-sensitive regimens, 
and types of regimen were not associated with chemo-
therapy response. Multivariate logistic regression analysis 
found only one factor, PFI < 3 months (OR 6.043; 95% 

CI 1.485–24.595; P = 0.012) to be independently associ-
ated with PD. PS 1–2 tended to be associated with worse 
response, but not significantly so (OR 4.141, 95% CI 
0.979–17.506, P = 0.053; Table 3.

Table 2 shows response percentages by PFI. Among 
the 21 patients with PFI < 3 months, 18 (86%) suffered 
PD, compared with the 41 patients in the PFI ≥ 3 months 
group, of whom 22 (54%) had CR, PR or SD. Among the 
18 patients with PS 1–2, 15 (83%) had PD, compared with 
the 44 PS 0 patients, of whom 22 (50%) had CR, PR or SD.

Factors that affected PFS

In univariate analysis, PS 1–2 (P = 0.036), and 
PFI < 3 months (P = 0.026) were significantly associated 
with worse PFS, whereas age, histological type, number 
of prior platinum-sensitive regimen, and types of regimen 
were not associated with PFS Table 4. The multivariate 
Cox proportional hazards regression model showed that of 
the two factors, PS 1–2 (HR 1.915, 95% CI 1.074–3.415, 
P = 0.028) and PFI < 3  months (HR 1.943, 95% CI 
1.109–3.403, P = 0.02) were independently associated with 
worse PFS; Table 4. Among patients with PS 0, median 
PFS with initial platinum-refractory or platinum-resistant 
treatment was 105 days (95% CI 36.7–173), compared 
with the PS 1–2 group median PFS: 48 days, (95% CI 
10.1–85.8); Fig. 2. Among patients with PFI ≥ 3 months, 
median PFS was 139 days 95% CI 19.4–258, compared 
with the PFI < 3  months patients at 57  days (95% CI 
34.7–79.2); Fig. 3.  

Table 2   Response percentages for chemotherapy according to plati-
num-free interval (PFI)

CR complete response, PD progressive disease, PR partial response, 
SD stable disease

Response for 
chemotherapy

Platinum-free interval Total N (%)

More than 
3 months

Less than 3 months

CR 0 (0) 0 (0) 0 (0)
PR 6 (15) 1 (5) 7 (11.3)
SD 16 (39) 2 (10) 18 (29.0)
PD 19 (46) 18 (86) 37 (59.7)

Table 3   Uni- and multivariate 
analyses of factors thought to 
affect response to chemotherapy 
among patients with platinum-
resistant disease

PPR primary platinum resistant, APR acquired platinum resistant, PFI platinum-free interval, PLD 
pegylated liposomal doxorubicin

Variable Category N Univariate 
analysis (p 
value)

Multivariate analysis

OR 95% CI p Value

Age < Median age 32 0.279
> Median age 30

Histological type Serous/endometrioid 52 0.982
Clear/mucinous/others 10

The number of prior 
platinum-sensitive 
regimen

PPR 26 0.8
APR 36

PS 0 44 0.022 1
1–2 18 4.141 0.98–17.51 0.053

PFI (months) ≧ 3 41 0.005 1
< 3 21 6.043 1.49–24.60 0.012

Regimen PLD 31 0.279
Others 31
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Table 4   Uni- and multivariate 
analyses of factors thought to 
affect progression-free survival 
among patients with platinum-
resistant disease

PPR primary platinum resistant, APR acquired platinum resistant, PFI platinum-free interval, PLD 
pegylated liposomal doxorubicin

Variable Category N Univariate 
analysis (p 
value)

Multivariate analysis

HR 95% CI p Value

Age < median age 32 0.926
> median age 30

Histological type Serous/endometrioid 52 0.567
Clear/mucinous/others 10

The number of prior 
platinum-sensitive 
regimen

PPR 26 0.64

APR 36
PS 0 44 0.036 1

1–2 18 1.92 1.07–3.42 0.028
PFI (months) ≧ 3 41 0.026 1

< 3 21 1.94 1.11–3.40 0.02
Regimen PLD 31 0.144

Others 31

Fig. 2   Kaplan−Meier curve for 
progression-free survival (PFS) 
by performance status (PS)

Fig. 3   Kaplan−Meier curve for 
progression-free survival (PFS) 
by platinum-free interval (PFI)
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Discussion

This study found that PFI < 3 months was a significant 
predictor of both poor PFS and poor response to chemo-
therapy, and PS 1–2 was also a significant poor predictive 
factor of PFS.

Median PFS for all patients was 2.5 months and median 
OS was 9.7 months in our study, which were consistent 
with median PFS and OS in published phase 3 clini-
cal trials with single agents (median PFS: 3.7 [95% CI 
2.1–7.2] months; median OS: 12.7 [95% CI 7.3–19] 
months) [15–17]. However, we found median PFS in 
patients with PS 1–2 or PFI < 3 months both less than 
only 2 months; and that percentages of PD following treat-
ment were approximately 85% in patients with PS 1–2 or 
PFI < 3 months, compared with approximately 50% among 
all patients, which are also consistent with a prior study 
[15]. Moreover, response rates in patients with PS 1–2 
or PFI < 3 months were 4–5%. PRROC patients are not 
homogeneous and parameters such as PS and PFI may 
help guide clinical decisions. Our study suggests that 
patients in these setting are unlikely to benefit from further 
chemotherapy and best supportive care may be the optimal 
choice for these patients.

In 2014, the AURELIA open-label randomized phase III 
trial showed PFS was prolonged from 3.4 to 6.7 months, 
and RR was increased from 11.8 to 27.3%, when beva-
cizumab was combined with non-platinum single-agent 
chemotherapy in patients with PRROC. However, median 
OS did not significantly differ (13.3 vs 16.6  months, 
respectively; OR 0.85, 95% CI 0.66–1.08; P < 0.174) [9, 
12]. Single-agent and bevacizumab combination thera-
pies are recognized as options for patients with PRROC, 
although we did not consider bevacizumab combination 
therapy to be the only standard therapy. Among patients 
with PRROC, 73% had cancer-related symptoms such as 
pain, dyspnea, fatigue, depression and so on, and 26% 
had symptomatic ascites in the GCIG Symptom Benefit 
trial [18]. For patients with cancer-related symptoms, 
good response or longer PFS is necessary for palliation 
and good quality of life. Actually, the bevacizumab com-
bination regimen increased the percentage of patients 
who reported improvement in abdominal/gastrointestinal 
symptoms during chemotherapy in AURERIA trial to 15% 
[12]. In our results, response rates and PFS with single-
agent chemotherapy were limited in patients with PS 1–2 
or PFI < 3 months. These results suggest that the beva-
cizumab combination regimen is better for patients with 
cancer-related symptoms, especially those with PS 1–2 or 
PFI < 3 months.

Trillsch et  al. explored prognostic and predictive 
effects of primary versus acquired platinum resistance for 

PRROC in the AURELIA trial [19]. Their results showed 
no significant difference in PFS between the two groups 
in the chemotherapy-alone group (median PFS: 3.7 vs 
2.3 months in PPR patients; P = 0.27). These data were 
consistent with our study; we did not find prior platinum 
sensitivity to be a significant predictor of effectiveness of 
following treatment for PRROC.

Limitations of this study include its retrospective design 
and small sample size. We also performed no biological 
analyses for predictive markers. The mechanism that causes 
platinum resistance in OC clearly warrants further study.

In conclusion, PS 1–2 and PFI < 3 months were signifi-
cant predictors of poor response to following treatment for 
PRROC. Risks and benefits of treatment should be frankly 
discussed with patients who have these characteristics. How-
ever, these findings also emphasize the continued need for 
new treatment approaches that prolong survival without 
deteriorating quality of life.
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