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Redistribution of resistance and sensitivity to platinum
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Abstract. The standard postoperative chemotherapy for epithe-
lial ovarian cancer is a combination therapy including platinum
and taxanes. The aim this study was to investigate the degree of
platinum sensitivity in patients with relapsed epithelial ovarian
cancer according to the treatment-free interval (TFI) and the
histological tumor type. The medical records of 405 patients
diagnosed with stage III/IV ovarian cancer, including
107 patients who relapsed after attaining a clinical complete
response with first-line treatment, were retrospectively reviewed.
The degree of platinum sensitivity was assessed by comparing
the progression-free survival (PFS) following the second-line
treatment. In patients with serous/endometrioid adenocarci-
noma who were treated with platinum following relapse, there
were significant differences in the PFS between the following
groups of patients: those who relapsed within 6 months and
those who relapsed between 6 and 12 months; those who
relapsed between 6 and 12 months and those who relapsed
between 12 and 18 months; and those who relapsed between
12 and 18 months and those who relapsed after 18 months. By
contrast, in patients with clear cell/mucinous adenocarcinoma
who were treated with platinum following a relapse, there were
no significant differences in the PFS between patients who
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relapsed within 6 months and those who relapsed between 6
and 12 months, while there were significant differences in the
PFS between those who relapsed between 6 and 12 months
and those who relapsed after 12 months. With regard to the
patients who relapsed after 12 months, the PES of those with
clear cell/mucinous adenocarcinoma was significantly shorter
compared with the PFS of those with serous/endometrioid
adenocarcinoma. Therefore, we considered it justified to classify
patients with clear cell/mucinous adenocarcinoma who relapsed
within 12 months as platinum-resistant and those who relapsed
after 12 months as platinum-sensitive.

Introduction

The standard postoperative chemotherapy for epithelial
ovarian cancer is currently a combination therapy including
platinum and taxanes (1). Although the treatment outcome
of epithelial ovarian cancer has improved, it remains unsat-
isfactory in terms of long-term survival. A recent study
demonstrated that bevacizumab administered in combination
with paclitaxel/carboplatin (TC) prolongs survival and may
be used as maintenance chemotherapy (2). Furthermore,
dose-dense weekly TC was reported to be significantly superior
to TC therapy regarding progression-free survival (PFS) and
overall survival (3). The therapeutic efficacy of intraperitoneal
chemotherapy was also verified in a randomized controlled
study (4). A combination of molecular-targeted agents or
refined regimens has improved the outcome of first-line treat-
ment for epithelial ovarian cancer.

Epithelial ovarian cancer is highly sensitive to chemotherapy
and ~75% of patients achieve a clinical complete response (CCR)
with first-line treatment. However, several patients relapse,
develop chronic disease and ultimately succumb to ovarian
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cancer. The disease-free survival of optimal disease (advanced
cancer) was reported to be 18-24 months and that of suboptimal
disease 18 months (5). Furthermore, a previous study assessing
optimal and suboptimal disease reported a disease-free survival
of 16-17 months (5). The approximate prevalence of relapse was
10% in low-risk groups,20% in high-risk groups for early cancer,
60-70% in optimal surgery groups and 80-85% in suboptimal
surgery groups for advanced cancer. Thus, =260% of patients
with ovarian cancer are candidates for second-line treatment (5)
and determining the second-line therapeutic options is vital for
improving the outcome.

The treatment-free interval (TFI) following the first-line
treatment is currently recognized as the most significant param-
eter for determining the optimal regimen for the treatment of
relapsed cancer. Increasing the TFI results in an improved
response to platinum (6). Commonly, the treatment regimen is
selected for platinum-sensitive tumors with a TFI of =6 months
and for platinum-resistant tumors with a TFI of <6 months.

However, whether relapsed ovarian cancer with a TFI of
6-12 months may be treated as platinum-sensitive has not
been determined. Furthermore, it has not been established
whether tumors may be considered drug-sensitive or -resistant
according to TFI, regardless of the differences in drug sensi-
tivity according to histological type. In the present study, the
medical records of a relatively large number of patients with
relapsed stage III/IV epithelial ovarian cancer were reviewed,
the PFS was calculated according to the TFI and the degree
of platinum sensitivity was retrospectively verified with the
TFI. Furthermore, we investigated the degree of platinum
sensitivity with TFI according to histological type.

Materials and methods

Study population and inclusion criteria. The study popula-
tion comprised 747 patients with epithelial ovarian cancer
who underwent treatment at seven institutions partici-
pating in the Tohoku Gynecologic Cancer Unit between
January, 2003 and December, 2007; these were: Hirosaki
University Graduate School of Medicine (Hirosaki, Japan),
Akita University School of Medicine (Akita, Japan), Iwate
Medical University School of Medicine (Morioka, Japan),
Tohoku University School of Medicine (Sendai, Japan),
Yamagata University School of Medicine (Yamagata, Japan),
Fukushima Medical University (Fukushima, Japan) and the
Miyagi Cancer Center (Natori, Japan). Of the 747 patients,
405 were diagnosed with stage III/IV epithelial ovarian
cancer, including 156 patients with relapsed or recurrent
disease. Patients in whom a complete response (CR) was
maintained, those who had received neoadjuvant chemo-
therapy, incomplete first-line chemotherapy or radiotherapy
and those with an unknown prognosis were excluded; finally,
a total of 107 patients with relapsed epithelial ovarian cancer
after attaining a CCR with first-line treatment were assessed.
CCR was defined as the cases which became negative for
the tumor marker CA125 at the end of first-line treatment,
with no lesions detected on computed tomography (CT) and
positron emission tomography-CT. Informed consent was
obtained from the patients or their family members to collect
data, following approval by the Institutional Review Boards
of the involved institutions.
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Table I. Patient characteristics.

Variables No. of patients
Age, years [median (range)] 56 (26-78)
Histological type
Serous 101
Endometrioid 18
Clear cell 26
Mucinous 1
First-line regimen
TC 135
DC 10
CPT-P 6
CAP 5
No. of first-line chemotherapy cycles
[median (range)] 6 (1-13)
Debulking surgery
Complete 31
Optimal 39
Suboptimal 86
Response to first-line chemotherapy
Complete response 107
Partial response 26
Stable disease 4
Progressive disease 19

CR according to histological type
[CR/non-CR (%)]

Serous 73/101 (72.3)

Endometrioid 12/18 (66.7)

Clear cell 16/26 (61.5)

Mucinous 6/11 (54.5)
Recurrence sites after CR

Intraabdominal 45

Intrapelvic 44

Distant 18
Second-line regimen

Platinum-based 70

Non-platinum-based 37

TC, paclitaxel/carboplatin; DC, docetaxel/carboplatin; CPT-P,
irinotecan (CPT-11)/cisplatin; CAP, cyclophosphamide/adriamycin/
cisplatin; CR, complete response.

Patient characteristics. The recorded patient characteristics
and variables included age, histological type of ovarian cancer,
debulking surgery, first-line treatment, response to first-line
treatment, time to relapse, site of relapse and second-line treat-
ment (Table I). With regard to debulking surgery, the size of
the residual tumor was graded as 0, <1 and =1 cm for complete,
optimal and suboptimal debulking, respectively. A central path-
ological review was conducted to assess the histological type.
The TFI was defined as the period from the completion of
the first-line treatment to the initiation of second-line treatment
after confirming disease relapse on imaging. Increased CA125
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Table II. Treatment-free interval (TFI) of patients who relapsed
after achieving a complete response.

Histological type No. of patients Median TFT*
All types 107 11.5
Serous 73 11.5
Endometrioid 12 16.0
Clear cell 16 8.0°
Mucinous 6 11.0

aIn months. *Serous vs. clear cell, P<0.02.

Table III. Progression-free survival (PFS) according to the
interval from the end of first-line treatment to relapse.

Interval from the end of first-line
treatment to relapse (months)

Variables <6 6-12 >12
No. of patients 20 37 50
Median PFS (months) 3.0 55 13.0
Second-line treatment
Platinum-based 6 23 41
Non-platinum-based 14 14 9

Table I'V. Interval from the end of first-line treatment to relapse
according to histological type.

Interval from the end of first-line
treatment to relapse (months)

No. of
Histology patients <6 6-12 >12
Serous 73 10 (14%) 27 (37%) 36 (49%)
Endometrioid 12 3(25%) 3(25%) 6 (50%)
Clear cell 16 53B1%) 6((38%) 5(31%)
Mucinous 6 2(33%) 1(17%) 3 (50%)

levels alone were not considered to reflect relapse. PFS was
defined as the interval from the initiation of second-line treat-
ment for relapsed lesions to confirmed disease progression.

Statistical analysis. The degree of platinum sensitivity was
calculated by comparing the PFS values. PFS was estimated
using the Kaplan-Meier method and compared using the
log-rank test. Hazard ratios (HRs) with 95% confidence inter-
vals (CIs) were calculated with the Cox proportional hazards
regression model. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Patient characteristics. The patient characteristics are summa-
rized in Table I. The median age of the patients was 56 years.
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Figure 1. Comparison of progression-free survival (PFS) between the
platinum (Pt) and non-Pt groups during the observation period of all
histological types. Patients who relapsed (A) <6 months, (B) 6-12 months and
(C) =12 months after the first-line treatment.

With regard to histological type, serous adenocarcinoma was
diagnosed in 101 patients (65%) and clear cell adenocarci-
noma, which was reported to have a measurable incidence in
the USA and Europe (7), was identified in 26 patients (17%).
The median number of first-line treatment cycles was 6 and
the TC regimen was administered to 135 patients (87%),
whereas docetaxel/carboplatin was selected for patients with
paclitaxel hypersensitivity or peripheral neurotoxicity. As
regards debulking surgery, complete or optimal outcomes
were achieved in 70 patients (45%). A CR following adminis-
tration of the first-line treatment was observed in 107 patients
(69%). Although the prevalence of CR following administra-
tion of the first-line regimen varied by histological type from
72.3% in serous adenocarcinoma to 54.5% in mucinous
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Table V. Progression-free survival (PFS) in patients with serous or endometrioid carcinoma and in those with clear cell or muci-
nous carcinoma treated with a platinum (Pt)-based regimen according to interval from the end of first-line treatment to relapse.

A, Serous/endometrioid group

Interval to relapse

No. of patients

after CCR (n=55) with Pt- PFS

(months) based regimen (months)

<6 4 45

6-12 17 90 __ |P=0.01; HR=0.14; 95% CI: 0.03-0.63

12-18 9 12,5 |P<0.05; HR=0.56; 95% CI: 0.25-0.93
P<0.05; HR=0.49; 95% CI: 0.22-0.96 ]

18-24 9 170 |P=0.49; HR=1.43;95% CI: 0.51-4.08

>24 16 19.0 P=0.51; HR=0.35; 95% CI: 0.54-3.34

B, Clear cell/mucinous group

Interval to relapse

No. of patients

after CCR (n=55) with Pt- PFS

(months) based regimen (months)

<6 2 25

6-12 6 55 P=0.26; HR, 3.67; 95% CI: 0.38-9.34
>12 7 11.0 P<0.05; HR, 0.33; 95% CI: 0.10-0.97

CCR, clinical complete response; HR, hazard ratio; CI, confidence interval.
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Figure 2. Comparison of the progression-free survival (PFS) by observation period in the platinum (Pt) group alone in all histological types. Patients who
relapsed after 12 months were further classified every 6 months. There were no significant differences in the PFS between patients who relapsed between 12
and 24 months and those who relapsed after 24 months. N.S., not significant.

adenocarcinoma, there were no statistically significant differ-
ences in the prevalence of CR among the four histological
types. The number of relapse sites was similar for abdominal
and pelvic cavities. The majority of distant metastases were

located in the lungs and in the mediastinal, supraclavicular or
inguinal lymph nodes. In patients with a relapse following a
CR (70 patients in the platinum and 37 in the non-platinum
group), a second-line regimen was initiated.
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TFI in relapsed patients following CR. The median TFI in
relapsed patients was 11.5 months (Table II). Significant
differences in the TFI by histological type were observed
between cases with serous adenocarcinoma and those with
clear cell adenocarcinoma (HR=0.53; 95% CI: 0.30-0.95;
P<0.02) (Table 1I).

PFS following second-line treatment. A total of 20, 37 and
50 patients relapsed after a CR at <6, 6-12 and =12 months,
respectively, and the median PFS following administration of a
second-line regimen was 3.0, 5.5 and 13.0 months, respectively
(Table III). There were no statistically significant differences in
the distribution of the interval from the end of first-line treat-
ment to relapse according to the histological type (Table IV).
There were no significant differences in the median PFS
(3.0 months) between the platinum- and non-platinum-based
treatment groups who relapsed within 6 months after CR, when
the PFS was compared based on the observation period for all
histological types (Fig. 1A). In patients who relapsed between
6 and 12 months, the median PFS was 8.0 and 3.0 months in
the platinum- and non-platinum based groups, respectively, with
PFS being significantly longer in the platinum group (HR=0.35;
95% CI: 0.18-0.69; P<0.002) (Fig. 1B). In patients who relapsed
after 12 months, the median PFS was 14.0 and 11.5 months in
the platinum- and non-platinum-based groups, respectively,
with the PFS being significantly longer in the platinum group
(HR=0.79; 95% CI: 0.50-0.97; P=0.02) (Fig. 1C). Therefore, the
platinum group alone was further investigated. Patients who
relapsed after 12 months were further classified every 6 months
(Fig. 2). There were significant differences in PFS between
patients who relapsed within 6 months and those who relapsed
between 6 and 12 months (HR=0.45; 95% CI: 0.16-0.88;
P=0.01), as well as between those who relapsed between 6 and
12 months and those who relapsed between 12 and 18 months
(HR=0.41; 95% CI: 0.19-0.91; P=0.03; Fig. 2). However, there
were no significant differences in the PES between patients who
relapsed between 12 and 18 months and those who relapsed
between 18 and 24 months, or between those who relapsed
between 18 and 24 months and those who relapsed after
24 months (Fig. 2). The patients who relapsed were divided into
those who relapsed between 12 and 24 months and those who
relapsed after 24 months and the PFS was compared between
the groups: no significant differences in PFS were observed
between the two groups (HR=1.03; 95% CI: 0.61-1.72; P=0.12).

PFS by histological type following second-line treatment. The
differences in PFS by histological type were investigated. The
PFS in the serous/endometrioid group treated with platinum
after relapse was 4.5,9.0, 12.5, 17.0 and 19.0 months in patients
who relapsed at <6, 6-12, 12-18, 18-24 and =24 months,
respectively (Table V). There were significant differences
in the PFS between patients who relapsed within 6 months
and those who relapsed between 6 and 12 months (HR=0.14;
95% CI: 0.03-0.63; P=0.01), as well as between those who
relapsed between 6 and 12 months and those who relapsed
between 12 and 18 months (HR=0.56; 95% CI: 0.25-0.93;
P<0.05) (Table V). Although there were no significant differ-
ences in the PFS between those who relapsed between 12
and 18 and those who relapsed between 18 and 24 months,
or between those who relapsed between 18 and 24 and those
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Figure 3. Evaluation of progression-free survival (PFS) of patients and
redistribution of sensitivity to platinum according to the histological type.
(A) Evaluation of PFS of patients with clear cell/mucinous adenocarcinoma
who relapsed after 12 months (n=7,red line). The PFS was significantly shorter
compared to that of patients with serous/endometrioid adenocarcinoma who
relapsed after 12 months (n=34, blue line). (B) The PFS of patients with clear
cell/mucinous adenocarcinoma who relapsed after 12 months (n=7, red line)
was similar to that of patients with serous/endometrioid adenocarcinoma
who relapsed between 6 and 12 months (n=17, blue line). (C) Comparison
of PFS between patients with clear cell/mucinous adenocarcinoma (n=6, red
line) and those with serous/endometrioid adenocarcinoma (n=17, blue line)
who relapsed between 6 and 12 months.

who relapsed after 24 months, there were significant differ-
ences in the PFS between patients who relapsed between 12
and 18 and those who relapsed after 18 months (HR=0.49;
95% CI: 0.22-0.96; P<0.05) (Table V). Furthermore, in the
clear cell/mucinous adenocarcinoma group treated with
platinum as a second-line regimen, there were no significant
differences in the PFS between patients who relapsed within
6 months and those who relapsed between 6 and 12 months,
while there were significant differences in the PFS between
patients who relapsed between 6 and 12 months and those who
relapsed after 12 months (HR=0.33; 95% CI: 0.10-0.97; P<0.05)
(Table V). In patients who relapsed after 12 months, the PFS
in the clear cell/mucinous adenocarcinoma group was signifi-
cantly shorter compared to that in the serous/endometrioid
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Figure 4. Redistribution of sensitivity to platinum according to the histological type. (A) Serous/endometrioid adenocarcinomas: Patients who relapsed within
6 months were considered to be 'platinum-resistant', those who relapsed between 6 and 12 months were 'intermediately sensitive', those who relapsed between
12 and 18 months were 'highly sensitive' and those who relapsed after 18 months were 'extremely highly sensitive'. (B) Clear cell/mucinous adenocarcinomas:
Patients who relapsed within 12 months were considered to be 'platinum-resistant' and those who relapsed after 12 months were 'intermediately sensitive'.

adenocarcinoma group (HR=0.55; 95% CI: 0.29-0.90;
P<0.01; Fig. 3A), but similar to that of patients who relapsed
between 6 and 12 months in the serous/endometrioid adeno-
carcinoma group (HR=1.69; 95% CI: 0.58-4.91; P=0.34;
Fig. 3B). Furthermore, in patients who relapsed between 6
and 12 months, the PFS of the clear cell/mucinous adenocar-
cinoma group was significantly shorter compared to that in
the serous/endometrioid adenocarcinoma group (HR=0.50;
95% CI: 0.18-0.95; P<0.05; Fig. 3C).

Discussion

The aim of first-line treatment is to cure, whereas the primary
goal of second-line treatment is palliation. Accordingly, less
toxic and more convenient regimens should be selected, focusing
on the balance between toxicity and effectiveness. Quality of
life, including improving symptoms and preventing the onset of
new symptoms is also preferentially maintained. Therefore, it is
crucial to appropriately determine how the sensitivity or resis-
tance to platinum is defined by TFI when selecting a regimen and
TFI should also be individualized according to histological type.

Although the TFT of patients who relapsed within 6 months
was suggested to indicate platinum sensitivity in this study,
the sensitivity to platinum was similar between patients who
relapsed between 12 and 24 months and those who relapsed
after 24 months for all histological types. However, these
results were inconsistent with previous findings reporting a
significantly higher response rate in patients with a TFI of
=24 months (6,8). In this study, the overall proportion of clear
cell and mucinous adenocarcinomas, which are relatively
refractory to treatment, accounted for ~20% of the cases of
ovarian cancer and platinum sensitivity was evaluated according

to histological type. In patients with serous/endometrioid
adenocarcinoma, the PFS following platinum administration
exhibited a significant increase in a stepwise manner depending
on the TFI (Table V). These findings suggested a novel distri-
bution of platinum sensitivity classification. The patients who
relapsed between 6 and 12 months following the completion
of first-line treatment (TFI of 6-12 months) may be classified
as 'intermediately sensitive', those with a TFI of 12-18 months
as 'highly sensitive' and those with a TFI of =18 months as
'extremely highly sensitive', whereas the patients with a TFI
of <6 months were considered as platinum-resistant (Fig. 4A).

A significant difference in the PFS was only detected
between patients with a TFI of 6-12 and those with a TFI of
=12 months in the clear cell/mucinous adenocarcinoma group.
There were no significant differences in the PFS between
patients with a TFI of <6 months and those with a TFI of
6-12 months. However, the PFS of patients who relapsed
after 12 months was significantly shorter in the clear
cell/mucinous adenocarcinoma group compared to that in the
serous/endometrioid adenocarcinoma group and was similar to
the PFS of patients who relapsed between 6 and 12 months in
the serous/endometrioid adenocarcinoma group. Furthermore,
the PFS of patients who relapsed between 6 and 12 months
was significantly shorter in the clear cell/mucinous adenocar-
cinoma group compared to that in the serous/endometrioid
adenocarcinoma group. Therefore, it may be rational to clas-
sify patients with clear cell/mucinous adenocarcinoma who
relapsed within12 months as 'platinum-resistant' and those who
relapsed after 12 months as 'intermediately sensitive' (Fig. 4B).

In the 1990s, several studies focused on the identification
and differentiation of platinum-sensitive from platinum-resis-
tant relapse (6,8,9). Harries and Gore (10) suggested that
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sensitivity and resistance to platinum were separated by a PFS
of 6 months. Furthermore, previous studies defined sensitivity
and resistance to platinum according to the clinical response,
such as the frequency of CR for agents administered to
relapsed patients (6,8,9). However, in the present study, drug
sensitivity was evaluated by the interval to disease progression
(observation period), as well as the PFS of relapsed patients
under platinum- and non-platinum-based treatment. It is
widely accepted that the patients with a longer time interval
between the completion of first-line treatment and the initia-
tion of second-line treatment exhibit a higher response rate to
the second-line regimen. In order to avoid ineffective treat-
ment with resistant regimens, the length of the observation
period should be considered on an individual basis. The results
of the present study suggested that a TFI of <6 and =6 months
after the completion of first-line treatment may be appropriate
for patients with serous/endometrioid adenocarcinoma to
determine sensitivity or resistance to platinum as second-line
treatment, whereas a TFI of 6 months is too short to apply to
patients with clear cell/mucinous adenocarcinoma.

Thus far, an observation period of =6 months following the
end of first-line treatment has been defined as platinum-sensi-
tive and phase III studies for patients with platinum-sensitive
recurrent ovarian cancer have been designed. Although the
incidence of relapsed patients with a TFI of =12 months was
reported to be 60-70% in several randomized controlled
studies (11-14), the proportion of patients who relapsed
between 6 and 12 months was 30-40%, including those with
platinum-resistant clear cell/mucinous adenocarcinoma.
Furthermore, in the present study, although the TFI was
=12 months in the serous/endometrioid adenocarcinoma group,
there were significant differences in platinum sensitivity
between patients who relapsed between 12 and 18 months
and those who relapsed after 18 months. Thus, future clinical
studies on the selection of chemotherapy for recurrent ovarian
cancer must consider the histological type and platinum sensi-
tivity with TFL.

With regard to taxane sensitivity in recurrent ovarian
cancer, it was demonstrated that the number of intervention
therapies following relapse, rather than the taxane-free interval,
is associated with taxane sensitivity (15). Although there were
no differences in the effects of taxanes on recurrent ovarian
cancer, regardless of whether the interval between the first
and subsequent use of taxanes was <12 or =24 months, addi-
tional intervention therapies resulted in a decreased response
to taxanes (15). Similarly, it was previously reported that the
taxane-free interval does not affect sensitivity to taxanes (16).
Therefore, drug sensitivity to taxanes and platinum must be
considered separately.

Novel biological therapies, including anti-angiogenic
agents, signaling inhibitors, anti-CA125 antibody and dendritic
cell immunotherapy, have been developed for the treatment
of recurrent ovarian cancer. Bevacizumab was reported to
prolong survival in subjects with recurrent ovarian cancer (17).
Molecular-targeted agents are expected to exert additive effects
and platinum sensitivity is considered to play a critical role in
improving prognosis. Furthermore, maintenance therapy with
biological agents may eventually alter the pattern of recurrence
and novel characterizations of platinum sensitivity/resistance
may emerge. Although TFI is a continuous variable with a
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wide boundary, it is crucial to determine a definitive criterion
of the sensitivity and resistance to platinum in types of ovarian
cancer with a prevalence of relapse of 260%, in order to enable
the selection of the most efficient second-line regimen and
design high-quality clinical studies.
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