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Platinum sensitivity and non-cross-resistance of cisplatin
analogue with cisplatin in recurrent cervical cancer
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Objective: The concept of platinum sensitivity and cross-resistance among platinum agents are widely known in the
management of recurrent ovarian cancer. The aim of this study was to evaluate two hypotheses regarding the validity of the
concept of platinum sensitivity and non-cross-resistance of cisplatin analogue with cisplatin in recurrent cervical cancer.
Methods: In this retrospective study, the clinical data of patients with recurrent cervical cancer, who had a history of receiving
cisplatin based chemotherapy (including concurrent chemoradiotherapy [CCRT] with cisplatin) and who received second-line
chemotherapy at the time of recurrence between April 2004 and July 2012 were reviewed.

Results: In total, 49 patients—34 squamous cell carcinomas (69.4%) and 15 non-squamous cell carcinomas (30.6%)—were
enrolled. The median age was 53 years (range, 26 to 79 years). Univariate and multivariate analysis showed that a platinum free
interval (PFI) of 12 months has a strong relationship with the response rate to second-line chemotherapy. Upon multivariate
analysis of survival after second-line platinum-based chemotherapy, a PFl of 12 months significantly influenced both
progression-free survival (hazard ratio [HR], 0.349; 95% confidence interval [CI], 0.140 to 0.871; p=0.024) and overall survival (HR,
0.322; 95% Cl, 0.123 to 0.842; p=0.021). In patients with a PFI of less than 6 months, the difference of progression-free survival
between patients with re-administration of cisplatin (3.0 months) and administration of cisplatin analogue (7.2 months) as
second-line chemotherapy was statistically significant (p=0.049, log-rank test).

Conclusion: The concept of platinum sensitivity could be applied to recurrent cervical cancer and there is a possibility of non-
cross-resistance of cisplatin analogue with cisplatin.
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INTRODUCTION of cervical cancer has not changed dramatically. In cases with

distant metastases or recurrences for which curative surgery

Cervical cancer is the third most commonly diagnosed can-
cer and the fourth leading cause of cancer death in females
worldwide, accounting for 9% (529,800) of new cancer cases
and 8% (275,100) of all cancer deaths among females in 2008
[1]. Although several advances in screening, diagnostic, and
treatment modalities have been made, the overall prognosis
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or radiotherapy is not suitable, chemotherapy is an alternative
option. However, the prognosis of these cases generally remains
poor with a 1-year survival rate between 15% and 20% [2].
Single-agent cisplatin has been considered the most active
agent for advanced or recurrent disease with a response rate
of 38% [3]. In 2005, Long et al. [4] reported the results of a
randomized phase lll trial of cisplatin with or without topote-
can (Gynecologic Oncology Group, GOG179). Although this
study was the first clinical trial to show a survival advantage
of combination therapy over single-agent cisplatin, the
response rate and survival after combination therapy were not
improved, and single-agent treatment with cisplatin was less
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efficacious than in historical trials, including other GOG trials
[5,6]. This can be explained by the greater number of patients
treated with second-line cisplatin in the GOG179 trial than in
other GOG trials owing to the worldwide spread of concur-
rent chemoradiotherapy (CCRT) with cisplatin. In fact, the
number of patients previously treated with cisplatin is rapidly
increasing, and in the most recent study, the GOG240 trial, the
proportion was about 75% [7].

One of the most important prognostic factors in recurrent
ovarian cancer is the platinum free interval (PFl), which is
defined as the period between the completion of platinum-
based primary chemotherapy and disease recurrence;
patients with recurrent ovarian cancer and a PFl of more
than 6 months are classified as platinum sensitive [8]. We
hypothesized that the PFl would affect the efficacy of second-
line platinum-based chemotherapy for patients with recurrent
cervical cancer who were previously treated with cisplatin-
based chemotherapy and that the concept of 'platinum
sensitivity' would be applicable to recurrent cervical cancer.

Kitagawa et al. [9] conducted a randomized phase Il trial
(Japan Clinical Oncology Group, JCOG0505), and they showed
the inferiority of carboplatin/paclitaxel to cisplatin/paclitaxel in
terms of progression-free survival (PFS) and overall survival (OS).
In this trial, they found a large treatment effect with cisplatin/
paclitaxel in patients who had not received prior platinum
treatment, and carboplatin/paclitaxel was more effective than
cisplatin/paclitaxel for patients with a history of platinum
administration. This result suggests that there might be non-
cross-resistance of cisplatin analogue with cisplatin. Therefore,
the aim of this retrospective study is to evaluate these
hypotheses regarding the validity of the concept of ‘platinum
sensitivity’ and ‘non-cross-resistance’ of cisplatin analogue
with cisplatin in recurrent cervical cancer.

MATERIALS AND METHODS

1. Study design

We retrospectively reviewed the medical charts of recurrent
cervical cancer patients treated between 2002 and 2012 at Shi-
zuoka Cancer Center Hospital. We evaluated the relationship
between the PFl and the response to second-line platinum-
based chemotherapy, as well as PFS and OS after second-line
chemotherapy, and the difference of efficacy between the re-
administration of cisplatin and the administration of cisplatin
analogue as second-line platinum chemotherapy. The re-
sponse to second-line chemotherapy was assessed according
to Response Evaluation Criteria in Solid Tumors (RECIST) ver. 1.1.
The PFl was defined as the period from the completion of first-
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line platinum-based chemotherapy to the date of diagnosis
of recurrence. PFS was measured from the start date of second-
line chemotherapy to the date of subsequent radiologic relapse
or progression, or to the date of last contact for disease-free
patients. OS was defined as the period from the start date of
second-line chemotherapy to death or the date of last contact.

2. Patients

To be included in this study, all of the following conditions
had to be met: (1) the patients had been treated with
cisplatin-based chemotherapy as their initial treatment; (2) the
patients had been treated with second-line platinum-based
chemotherapy, with the exception of CCRT, which was not
regarded as a second-line chemotherapy, even if it included
a platinum agent; (3) the patients with performance status
of less than 3; (4) histological confirmation of the primary
site; (5) cases in which the histologic type was squamous cell
carcinoma (SCC), adenocarcinoma (AC), and adenosquamous
cell carcinoma (ASC); and (6) measurable disease on radiologic
findings. Patients were excluded if second-line platinum-
based chemotherapy was administered for fewer than two
cycles.

3. Factors analyzed

Data regarding the following clinicopathological parameters
were recorded for analysis: (1) age at the time of diagnosis of
recurrence; (2) histologic type; (3) International Federation of
Gynecology and Obstetrics (FIGO) stage at initial diagnosis; (4)
information regarding radiation therapy at initial treatment; (5)
site of recurrence; (6) second-line chemotherapy regimen; (7)
response to second-line chemotherapy assessed according
to RECIST ver. 1.1; (8) date of subsequent radiologic relapse or
progression; (9) date of death or last contact; and (10) cause of
death.

4, Statistical analysis

The survival curves were determined by using the Kaplan-
Meier method. Factors influencing survival were analyzed
using the log-rank test (univariate) and Cox's proportional
hazard regression analysis (univariate and multivariate). These
analyses were performed using Dr. SPSS Il (SPSS Inc., Chicago,
IL, USA) statistical software. Contingency table analysis was
performed using the chi-square test.

RESULTS

1. Patient characteristics
During the study period, 49 patients were identified with
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recurrent cervical cancer and were treated with second-line
platinum-based chemotherapy. Table 1 shows the patient
characteristics. The median age was 53 years (range, 26 to 79
years). Thirty-four patients had SCC and 15 had AC or ASC.
At initial treatment, most patients (n=36, 73.5%) underwent
CCRT with weekly cisplatin. For second-line chemotherapy,
23 patients (46.9%) received cisplatin-based chemotherapy
and 26 patients (53.1%) received cisplatin analogue-based
(carboplatin or nedaplatin) chemotherapy. The site of recur-
rence was in the pelvis in 14 patients (28.6%), at distant site
in 29 patients (59.2%), and in both in six patients (12.2%). In

Table 1. Patient characteristics
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31 patients, the maximum recurrent tumor size was within 30
mm, whereas it was more than 30 mm in the remaining 18
patients. The median PFl was 8.2 months (range, 1.4 to 55.8
months).

2. Response to second-line platinum-based chemotherapy
The response rate of all patients was assessed every two or
three cycles and the overall response rate was 18.3% (three
patients [6.1%)] achieved a complete response and six patients
[12.2%] achieved a partial response). By univariate analysis of
factors related to the response to second-line chemotherapy,

Characteristic No. (%)
Age (yr), median (range) 53 (26-79)
Histology
Squamous cell carcinoma 34 (69.4)
Adenocarcinoma/adenosquamous cell carcinoma 15 (30.6)
Stage at initial diagnosis
Il 20 (40.8)
-1V 29(59.2)
Initial treatment with platinum based chemotherapy
Weekly CDDP (definitive CCRT) 36 (73.5)
5FU+CDDP (postoperative CCRT) 10 (20.4)
Irinotecan + CDDP (postoperative systemic chemotherapy) 3(6.1)
Second-line chemotherapy
CDDP based 23 (46.9)
CDDP 7 (143)
Irinotecan + CDDP 9(18.4)
Paclitaxel + CDDP 5(10.2)
Oral fluoropyrimidine* + CDDP 2(4.1)
CDDP analogue (carboplatin or nedaplatin) based 26 (53.1)
Paclitaxel + carboplatin 25(51.0)
Nedaplatin 1(2.1)
Disease site
Pelvic 14 (28.6)
Distant 29 (59.2)
Both 6(12.2)
Tumor diameter (mm)
<30 31(63.3)
>30 18 (36.7)
Platinum free interval (mo), median (range) 8.2 (1.4-55.8)
0-5 17 (34.7)
6-11 18 (36.7)
>12 14 (28.6)

5FU, 5-fluorouracil; CCRT, concurrent chemoradiotherapy; CDDP, cisplatin.
*S-1.
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a PFl of 12 months (p=0.047) and prior radiotherapy (yes vs.
no, p=0.026) were determined to be statistically significant
factors. However, both of these factors did not reach statistical
significance in multivariate analysis for the association with
the rate of response to second-line chemotherapy (p=0.055
and p=0.057, respectively) (Table 2).

3. Survival

The median follow-up period for OS after second-line
platinum chemotherapy was 12.6 months (range, 2.9 to 94.5
months). Upon multivariate analysis of PFS and OS, a PFI of
12 months (hazard ratio [HR], 0.349; 95% confidence interval
[Cl], 0.140 to 0.871; p=0.024) and tumor diameter (HR, 3.725;
95% Cl, 1.724 to 8.047; p=0.001) significantly influenced PFS
and a PFl of more than 12 months was significantly associated
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with an improvement in OS (HR, 0.322; 95% Cl, 0.123 to 0.842;
p=0.021) (Table 3).

Fig. 1 displays the OS as estimated by the Kaplan-Meier
method for patients with a PFl of more than or less than
12 months; the median values were 27.0 and 12.6 months,
respectively (p=0.053, log-rank test).

4. Re-administration of cisplatin

Table 4 shows the relationship between the rate of response
to second-line chemotherapy and various factors in the 23
patients with re-administration of cisplatin and the 26 patients
with the administration of cisplatin analogue. In the patients
re-administered cisplatin, the response rates of those with a
PFI of less than 12 months (p=0.006), stages Il to IV (p=0.022)
and a history of prior radiotherapy (p=0.026) were significantly

Table 2. Univariate and multivariate analysis for response to second platinum-based chemotherapy

Univariate analysis

Multivariate analysis

Variable
RR (%) p-value OR 95% Cl p-value

Age (yr) 0.915

<50 19.0 - - -

>50 17.9 - - -
Histology 0.845

Squamous cell carcinoma 17.6 - - -

Adenocarcinoma/adenosquamous cell carcinoma 20.0 - - -
Stage at initial diagnosis 0.081

-l 30.0 1 - -

-1V 10.3 0.42 0.07-2.33 0.323
Second-line chemotherapy 0.868

CDDP based 174 - - -

CDDP analogue based 19.2 - - -
Prior radiotherapy 0.026

Yes 15.2 1

No 66.7 8.47 0.50-142.92 0.138
Pelvic disease 0.440

Yes 13.6 - - -

No 222 - - -
Tumor diameter (mm) 0.318

<30 226 - - -

>30 11.1 - - -
PFl<émonths 0.924

Yes 17.6 - - -

No 18.8 - - -
PFI<12months 0.047

Yes 114 1 = =

No 35.7 4.58 0.88-23.81 0.070

CDDRP, cisplatin; Cl, confidence interval; OR, odds ratio; PFI, platinum free interval; RR, response rate.
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Table 3. Cox proportional hazard analysis on progression-free survival and overall survival

Progression-free survival

Overall survival

Variable
HR 95% Cl p-value HR 95% Cl p-value

Age (yn)

<50 1 1

>50 1.436 0.751-2.747 0.274 1.093 0.513-2.331 0.819
Histology

Squamous cell carcinoma 1 1

AC/ASC 1.719 0.837-3.530 0.140 2332 1.021-5.326 0.044
Stage at initial diagnosis

-l 1 1

-1V 0.884 0.420-1.863 0.747 1.228 0.555-2.717 0.612
Second-line chemotherapy

CDDP based 1 1

CDDP analogue based 0.763 0.388-1.501 0.433 1.218 0.596-2.488 0.589
Prior radiotherapy

Yes 1 1

No 1.020 0.265-3.925 0.977 0.744 0.091-6.102 0.783
Pelvic disease

Yes 1 1

No 0.486 0.222-1.064 0.071 0.704 0.310-1.602 0.403
Tumor diameter (mm)

<30 1 1

>30 3.800 1.789-8.070 0.001 1.529 0.708-3.304 0.280
PFI<12months

Yes 1 1

No 0.336 0.141-0.802 0.014 0.365 0.146-0.917 0.032

AC/ASC, adenocarcinoma/adenosquamous cell carcinoma; CDDP, cisplatin; Cl, confidence interval; HR, hazard ratio; PFl, platinum free interval.
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Fig. 1. Kaplan-Meier curves of overall survival (OS): a platinum free
interval (PFI) more than 12 mo vs. less than 12 mo. The median OS:
27.0 mo vs. 12.6 mo, respectively (log-rank test).
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poor. On the other hand, in the patients administered cisplatin
analogue, there were no factors that significantly influenced
the response rate. Fig. 2 shows the PFS for patients with a PFI
of less than 6 or 12 months who were treated with cisplatin
or a cisplatin analogue as second-line chemotherapy. In the
patients with a PFI of less than 6 months, the median PFS
in patients with the re-administration of cisplatin was 3.0
months, while, in patients with the administration of cisplatin
analogue, it was 7.2 months (Fig. 2A). This difference was
statistically significant (p=0.049, log-rank test). However, in the
patients with a PFl of less than 12 months, there was no dif-
ference between the patients with re-administered cisplatin
and those administered cisplatin analogue (median PFS: 3.7
months vs. 5.1 months, p=0.531, log-rank test) (Fig. 2B).
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Table 4. The response rate to second-line CDDP based chemotherapy and second-line CDDP analogue based chemotherapy

Variable CDDP based (n=23) CDDP analogue based (n=26)
RR (%) p-value RR (%) p-value
Age (yr) 0.772 0.907
<50 20.0 18.2
>50 15.4 20.0
Histology 0.191 0.184
Squamous cell carcinoma 235 11.8
AC/ASC 0 333
Stage at initial diagnosis 0.022 0.778
[l 36.4 22.2
-1V 0 17.6
Prior radiotherapy 0.026 0.25
Yes 100 50.0
No 13.6 16.7
Pelvic disease 0.315 0.907
Yes 9.1 18.2
No 25.0 20.0
Tumor diameter (mm) 0.412 0.562
<30 23.1 222
>30 10.0 21.5
PFI<émonths 0.191 0.373
Yes 0 27.3
No 23.5 133
PFl<12months 0.006 0.961
Yes 0 19.0
No 444 20.0

AC/ASC, adenocarcinoma/adenosquamous cell carcinoma; CDDP, cisplatin; Cl, confidence interval; HR, hazard ratio; PFI, platinum free interval;
RR, response rate.

A B
109 i PFI 26 mo 107 Administration of CDDP analogue
e T PFI <6 mo B Re-administration of CDDP
0.8 - 084 !
» 0.6 : ® 064
o : - :
i L o
0.4 0.4 1
0=0.049 : p=0.531
0.2 : 0.2 I
0 3 6 9 12 0 6 12 18 24 30 36

Months Months

Fig. 2. Kaplan-Meier curves of platinum free interval (PFl) of a PFI of less than 6 mo: administration of cisplatin (CDDP) analogue vs. re-

administration of CDDP. (A) The median progression-free survival (PFS) of a PFI of less than 6 mo: 7.2 mo vs. 3.0 mo, respectively (log-rank test).
(B) The median PFS of a PFl of less than 12 mo: 5.1 mo vs. 3.7 mo, respectively (log-rank test).
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DISCUSSION

The results of this study suggest that the concept of platinum
sensitivity could be applied to recurrent cervical cancer and
there might be possibility of non-cross-resistance of cisplatin
analogue with cisplatin. With regard to the first of these
issues, the rate of response to second-line platinum-based
chemotherapy was higher in patients with a PFl of more than
12 months than in those with one of less than 12 months
(Table 2) and, upon multivariate analysis of PFS and OS, a PFl
of more than 12 months was associated with a significant im-
provement (Table 3). Thus, a PFI of 12 months was suggested
as a predictor of response rate and survival after second-line
chemotherapy in patients with recurrent cervical cancer initially
treated with cisplatin.

Moore et al. [10] reported a retrospective study in which
428 patients with cervical cancer who received a cisplatin-
containing chemotherapy combination in previous GOG stud-
ies were evaluated to identify prognostic factors for response
to cisplatin-based chemotherapy; they showed that a time to
recurrence of less than 1 year was one of four adverse param-
eters. This might imply the validity of the concept of platinum
sensitivity.

Tanioka et al. [11] reported the predictive and prognostic
value of the PFI for responses to second-line platinum therapy
in 65 patients with recurrent cervical cancer; they showed
that a PFI of 12 months is an independent predictive factor
of tumor response, and a PFl of 6 months is an independent
prognostic factor of survival. Matoda et al. [12] retrospectively
studied whether the PFl was a predictive indicator of response
to second-line platinum-based chemotherapy in recurrent
cervical cancer. They reported that a PFl of more than 24
months is the discriminating point between platinum-
sensitive and platinum-resistant cervical cancer. In the
current study, we showed that a PFI of 12 months might be
a predictive and prognostic factor for second-line therapy in
this patient population. The reason why each study proposed
a different threshold could be their various biases and limited
study population.

In the current study, we showed that there is a possibility of
non-cross-resistance of cisplatin analogue with cisplatin. The
difference of PFS in patients with a PFl of less than 6 months
between re-administered cisplatin and those administered
cisplatin analogue was significant (Fig. 2).

The difference in the response rate between the re-
administration of cisplatin and the administration of cisplatin
analogue in second-line chemotherapy was not significant
(Table 2). However, the response rate upon the re-administra-
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tion of cisplatin was poorer in patients with a PFl of less than 6
months than in those with one of more than 6 months, as well
as in patients with a PFI of less than 12 months than in those
with one of more than 12 months; in addition, the response
rate upon the administration of cisplatin analogue was not
affected by the PFI (Table 4).

This result would suggest that there might be non-cross-
resistance of cisplatin analogue with cisplatin and that
patients with recurrent cervical cancer and a history of
cisplatin administration, especially those with shorter PFI,
should be given cisplatin analogue-based chemotherapy as
second-line chemotherapy. Kitagawa et al. [9] conducted a
randomized phase Il trial for the patients with advanced and
recurrent cervical cancer, and they reported that carboplatin/
paclitaxel is equally effective as cisplatin/paclitaxel in terms of
PFS and OS. However, among patients who were not previ-
ously treated with cisplatin, carboplatin/paclitaxel therapy
resulted in worse OS than cisplatin/paclitaxel treatment (13
months vs. 23 months; HR, 1.57; 95% Cl, 1.06 to 2.32), while,
among patients previously treated with cisplatin, carboplatin/
paclitaxel was superior to cisplatin/paclitaxel in terms of OS (19
months vs. 16 months; HR, 0.69; 95% Cl, 0.47 to 1.02). These
results suggest that the significant difference in the efficacies
of cisplatin and cisplatin analogues for second-line therapy
might be caused by previous treatment.

There was a limitations in the current study. This was
retrospective study in only one institution, so the number of
patients was limited and there was a selection bias.

Despite this limitation, the current study provides further
insight into the concept of platinum sensitivity and the
possibility of non-cross-resistance of cisplatin analogue with
cisplatin. If these concepts are applied to recurrent cervical
cancer, patients who were previously treated with cisplatin
could obtain useful information about which treatment
should be chosen for second-line therapy depending on their
PFI and their history of prior platinum administration. In ad-
dition, the design of future clinical trials could be influenced
by these factors. We advocate that further analyses based
on a prospective study should be initiated to confirm these
concept of platinum sensitivity and non-cross-resistant of
cisplatin analogue with cisplatin.
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