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Background/Aims: Sequential monotherapy is recommended for anthracycline-
and taxane-resistant metastatic breast cancer (MBC), but combination chemother-
apy is considered in patients with visceral crisis. Cisplatin-doublet chemotherapy
is a combination regimen for MBC, but prolonged treatment is challenging be-
cause of toxicity. We analyzed the role of single-agent maintenance chemotherapy
after cisplatin-doublet chemotherapy for MBC.

Methods: From January 2011 to December 2017, 96 anthracycline- and tax-
ane-resistant MBC patients were retrospectively reviewed, and 49 patients with a
sustained clinical benefit during the initial 6 cycles of cisplatin-doublet chemo-
therapy were enrolled for study. Patients were treated with gemcitabine-cisplatin
(gemcitabine, 1,250 mg/m?, intravenously [IV], days 1 to 8; cisplatin 60 mg/m?, IV,
day 1) or capecitabine-cisplatin (capecitabine 2,500 mg/m?, orally, days 1 to 14; cis-
platin 60 mg/m?, IV, day 1) during the induction period. After 6 cycles, 16 patients
were switched to single-maintenance treatment (gemcitabine or capecitabine) and
the doublet regimen was continued in 24 patients. Survival outcomes (progres-
sion-free survival [PFS] and overall survival [OS]) were analyzed.

Results: Among the 49 patients who showed a clinical benefit during cispla-
tin-doublet therapy, 24 were maintained on the doublet regimen, 16 were switched
to single-maintenance treatment, and chemotherapy was suspended until dis-
ease progression in nine patients. The single-maintenance chemotherapy group
showed superior survival than the chemotherapy holiday and doublet regimen
groups (median PFS 15.43 months vs. 8.37 and 10.67 months, respectively, p = 0.008;
median OS 43.67 months vs. 22.17 and 22.33 months, respectively, p = o.014).
Conclusions: Patients showing a clinical benefit during 6 cisplatin-doublet che-
motherapy cycles may have a sustained survival benefit from single-maintenance
chemotherapy.
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INTRODUCTION

Metastatic breast cancer (MBC) is considered an incur-
able disease [1]. For life prolongation and symptom pal-
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liation of MBC patients, sequential systemic treatment
and supportive care is required. Recently, the survival
duration of MBC patients has markedly improved and
thus maintaining the quality of life during system-
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ic treatment is becoming more important [1]. Further,
as pronged survival has made MBC a chronic disease
among cancer patients, its management is an ongoing
clinical challenge.

Chemotherapy is recommended in triple-negative
breast cancer, luminal-type breast cancer with endo-
crine resistance, human epidermal growth factor 2
(HER-2)-positive breast cancer with anti-HER-2 treat-
ment, and in patients presenting with visceral crisis. A
standard chemotherapy sequence following anthracy-
cline and taxane failure has not yet been established in
MBC. Monotherapy is preferred during treatment, but
for patients who show rapid progression, with massive
tumor burden or symptomatic disease, combination
chemotherapy can be considered [2]. Among diverse che-
motherapeutic agents, cisplatin is one of the candidates
for a combination regimen. Cisplatin has low activity
as a single agent for previously-treated MBC, but com-
bination with other chemotherapeutic agents appears
to enhance its activity [3]. A cisplatin-doublet regimen
showed clinical activity in triple-negative breast cancer
[4], and clinical response was also proven in other sub-
types of breast cancer [5-7]. Cisplatin can be combined
with several other agents including vinorelbine, pacli-
taxel, docetaxel, gemcitabine, and capecitabine [3-9].

Among patients showing a clinical response during
cisplatin-doublet treatment, most eventually show intol-
erance to cisplatin because of its cumulative toxicities,
such peripheral neuropathy, hearing difficulties, electro-
Iyte imbalance, delayed bone marrow recovery, and nau-
sea. Considering its toxicities, some clinical trials were
designed to administer cisplatin up to a maximum of 6
to 8 cycles [4,10,11]. At present, most clinicians determine
the administration duration of cisplatin-doublet che-
motherapy on the basis of their clinical experience. In
patients showing clinical benefit during cisplatin-dou-
blet treatment, there is no consensus about the role of
prolonged doublet-maintenance chemotherapy or treat-
ment holiday. There is a positive role of maintenance
chemotherapy in breast cancer [12], but the toxicity of
chemotherapy makes doublet-maintenance chemother-
apy challenging. In the case of non-small cell lung can-
cer, the benefit of single-agent maintenance chemother-
apy was established after induction platinum-doublet
chemotherapy, according to the PARAMOUNT trial [13].
Single-agent maintenance chemotherapy after induction
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cisplatin-doublet chemotherapy can also be considered
in breast cancer, but there are no randomized clinical
trials for confirmation of the optimal duration of cis-
platin-doublet induction treatment and the role of sin-
gle-agent maintenance treatment thereafter.

To determine the appropriate duration of cispla-
tin-doublet administration and to verify the role of sin-
gle-agent maintenance chemotherapy, the authors an-
alyzed the clinical outcomes and toxicities for patients
who were treated with cisplatin-doublet chemotherapy,
that is, a gemcitabine-cisplatin (GP) or capecitabine-cis-
platin (XP) regimen. The primary aim of the study was
to determine the optimal duration of cisplatin-doublet
chemotherapy and the role played by single-agent main-
tenance chemotherapy after induction cisplatin-doublet
chemotherapy in MBC patients resistant to anthracy-
cline and taxane.

METHODS

Patients

From January 2011 to December 2017, the medical re-
cords of patients who were diagnosed with recurrent
or metastatic breast cancer at Seoul St. Mary’s Hospi-
tal were retrospectively reviewed. Ninety-six patients
treated with cisplatin-doublet chemotherapy (GP or
XP) after anthracycline and taxane treatment failure
were selected. Among the selected patients, 49 patients
showing sustained clinical response (complete re-
sponse, partial response) or stable disease during the
initial 6 cycles of cisplatin-doublet chemotherapy were
enrolled for analysis. Other inclusion criteria were as
follows: (1) pathologically proven invasive ductal or
lobular carcinoma in surgical or biopsy specimens; (2)
an Eastern Cooperative Oncology Group (ECOG) per-
formance status of o to 2; (3) evaluable lesions based
on Response Evaluation Criteria in Solid Tumors (RE-
CIST) version 1.1; and (4) adequate bone marrow func-
tion, renal function, and hepatic function. This study
was approved by the Institutional Review Board (IRB)
of Seoul St. Mary’s Hospital, Catholic University of Ko-
rea (KC17RESIo273). The requirement for written in-
formed consent was waived according to the decision
of IRB.
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47 PD
withdrawn from study

96 Patients with MBC with
previous anthracycline and
taxane treatment

6 Cycles of cisplatin-doublet regimen
-GP or XP

24 Doublet-maintenance

49 CR/PR/SD

Enrolled for study 16 Single-maintenance

9 Chemotherapy holiday

Primary selection
96 Patients treated with cisplat

in-doublet regimen

47 Reason for drop-out
progression during initial 6 cycles or cisplatin-doublet regimen
11 Progression after 2 cycles
9 Progression after 3 cycles
14 Progression after 4 cycles
13 Progression after 6 cycles

49 Enrollment

30 Partial response
19 Stable disease

Completion of 6 cycles of cisplati

in-doublet regimen

24 Doublet-maintenance 16 Single-maintenance 9 Chemotherapy holiday
- Treated with cisplatin-doublet regimen - Treated with single agent - Observation without any medical/surgical intervention
19 GP 7 Gemcitabine
5XP 9 Capecitabine /
E Treatment until progression or unacceptable toxicity

Figure 1. Treatment scheme (A) and consort diagram (B) of patients. MBC, metastatic breast cancer; GP, gemcitabine-cisplatin;

XP, capecitabine cisplatin; PD, progressive disease; CR, complete r

Treatment schedule and response evaluation

All patients were treated with a combination of either
gemcitabine and cisplatin (GP: gemcitabine 1,250 mg/
m?, intravenous [IV], days 1 and 8; cisplatin 60 mg/m?,
IV, day 1) or capecitabine and cisplatin (XP: capecitabine
1,000 mg/m? twice a day, oral administration, 14 days of
treatment followed by 7 days of rest; cisplatin 60 mg/m?,
IV, day 1) every 3 weeks. One liter of half'saline was deliv-
ered before and after cisplatin administration.

Response evaluation was performed using computed
tomography (CT) scans obtained after every two cycles of
chemotherapy, using RECIST criteria version 1.1. Toxici-
ty was assessed based on National Cancer Institute Com-
mon Terminology Criteria for Adverse Events,version 4.0,
during each cycle of chemotherapy. Chemotherapy was

184  www.kjim.org

esponse; PR, partial response; SD, stable disease.

administered until progressive disease or unacceptable
toxicity was observed.

Definition of doublet-maintenance chemotherapy,
single-maintenance chemotherapy, and
chemotherapy holiday

Patients were initially treated with a cisplatin-doublet
regimen. Among the patient population, those who
showed a sustained clinical response (complete re-
sponse, partial response) or stable disease during the
initial 6 cycles of cisplatin doublet chemotherapy were
selected for analysis (Fig. 1A). We defined 6 cycles as the
timepoint for minimal cisplatin administration, ac-
cording to previous studies limiting the cisplatin-dou-
blet regimen to up to 6 cycles considering the toxicity
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associated with cisplatin accumulation [10-12]. Patients
who received persistent cisplatin-doublet chemother-
apy for more than 6 cycles were defined as the dou-
blet-maintenance group. Patients who received a single
agent (gemcitabine or capecitabine) after 6 cycles of cis-
platin-doublet were defined as the single-maintenance
group. Patients in whom chemotherapy was suspended
without any medical or surgical intervention after 6 cy-
cles of doublet chemotherapy were defined as the che-
motherapy holiday group. The doublet-maintenance
and single-maintenance chemotherapy groups received
cisplatin-doublet chemotherapy or single-maintenance
chemotherapy, respectively, until progressive disease or
unacceptable toxicity was observed (Fig. 1B).

Statistical analysis
Progression-free survival (PFS) was calculated from the
first date of cisplatin-based doublet chemotherapy (XP
or GP) to the date of disease progression, as shown by CT
scans or patient death. Overall survival (OS) was calculat-
ed from the first date of cisplatin-based doublet chemo-
therapy to patient death or the last follow-up date. PES
after 6 cycles of cisplatin-doublet therapy was calculated
from the first date of the 7th cycle of chemotherapy to
the date of disease progression, as shown by CT scans or
patient death. OS after 6 cycles of cisplatin-doublet was
calculated from the first date of the 7th cycle of chemo-
therapy to patient death or last follow-up date. Response
rate (RR) was defined as the patient proportion showing
complete response (CR) or partial response (PR) over to-
tal patient population, based on RECIST version 1.1. Dis-
ease control rate (DCR) was defined as the proportion of
patients with CR, PR, or stable disease (SD) over the total
patient population, based on RECIST version 1.1.
Continuous variables were presented as median val-
ues, and categorical variables were presented as per-
centages. Continuous variables were compared using
the Kruskal-Wallis test, whereas categorical variables
were compared using chi-square tests and Fisher’s ex-
act tests. Survival analyses were performed using the
Kaplan-Meier method, and the results were compared
using a log-rank test. The prognostic factors were an-
alyzed using the multivariate Cox regression method,
including those that were statistically significant in the
univariate analysis. A p values < 0.05 were considered sta-
tistically significant. The results were reported as odds
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ratios (OR) with 95% confidence intervals (CI). SPSS ver-
sion 24.0 for Windows (IBM Co., Armonk, NY, USA) was
used for all statistical analyses in this study.

RESULTS

Baseline patient characteristics

From January 2011 to December 2017, 96 patients who
were treated with a cisplatin-doublet regimen (GP, XP)
were screened for eligibility. All patients were previous-
ly treated with anthracycline- and taxane-based chemo-
therapy (Supplementary Table 1). After 6 cycles of cis-
platin-doublet chemotherapy, 49 patients who showed a
clinical response or stable disease during treatment were
enrolled for study. The baseline patient characteristics
are described in Table 1. Among the total patient pop-
ulation, 24 patients (48.9%) received continued cispla-
tin-doublet maintenance (doublet-maintenance group),
16 patients (32.6%) received single-agent maintenance
after 6 cycles of cisplatin-doublet therapy (single-main-
tenance group), and chemotherapy was suspended after
6 cycles of cisplatin-doublet therapy in nine patients
(18:5%) (chemotherapy holiday group) (Supplementary
Table 1). The median age of the patients was 53 years in
the doublet-maintenance group and 48 years in the sin-
gle-maintenance group. There were relatively fewer tri-
ple-negative breast cancer patients in the single-main-
tenance group (three patients, 18.8%) compared with the
doublet-maintenance group (six patients, 25%), but there
were no statistically significant differences between the

two groups (p = 0.717).

Administration of doublet- and maintenance-
chemotherapy

Among the continuation-treatment groups, a median of’
three cycles of cisplatin-doublet therapy was delivered
to the doublet-maintenance group, and a median of 10
cycles of a single-maintenance regimen was delivered to
the single-maintenance group. In the doublet-mainte-
nance group, gemcitabine was the preferred combina-
tion regimen with cisplatin (19 patients, 79.2%). How-
ever, in the single-maintenance chemotherapy group,
more patients received capecitabine maintenance (nine
patients, 56.3%) as compared with gemcitabine mainte-
nance (seven patients, 43.8%) (Table 2).

www.Kkjim.org 185


www.kjim.org

KJ I MQ‘ The Korean Journal of Internal Medicine Vol. 36, No. 1, January 2021

Table 1. Baseline patient characteristics

Characteristic Doublet-maintenance (n=24) Single-maintenance (n=16)  pvalue
Age, yr 53 (39-69) 49 (30-70) 1.000
<65 23(95.8) 15(93.8)
= 65 1(4.2) 1(6.3)
ECOG 0.262
o-1 21 (87.5) 16 (100.0)
2 3 (12.5) o
Hormone receptor status 0.717
Positive 18 (75.0) 13 (81.2)
Negative 6 (25.0) 3(18.8)
HER2 positive 4(16.7) 3(18.8) 1.000
Triple negative 6 (25.0) 3(18.8) 0.717
Disease status 0.439
Metastatic breast cancer 18 (75.0) 14 (87.5)
Recurrent breast cancer 6 (25.0) 2 (12.5)
Neoadjuvant chemotherapy
Anthracycline 2(83) 2 (12.5) 1.000
Taxane 2(83) o 0.496
Adjuvant chemotherapy
Anthracycline 11 (45.8) 9(56.3) 1.000
Taxane 5(20.8) 5(313) 0.707
Previous lines of palliative chemotherapy 0.360
Naive 1(4.2) 1(6.3)
1st 6 (25.0) 6 (37.5)
and 6 (25.0) 4(25.0)
3rd 3(12.5) 3(18.8)
= 4th 8(33.3) 2 (12.5)
Previous chemotherapy agents
Gemcitabine 4(16.7) 1(63) 0.631
Vinorelbine 8(333) 3(18.8) 0.473
CMF 5(20.8) 3(18.8) 1.000
Capecitabine 18 (75.0) 10 (62.5) 0.272
Previous palliative endocrine treatment 8(333) 6 (37.5) 1.000
Previous palliative HER2 treatment 5(20.8) 1(6.3) 0373
No. of metastatic sites 0.236
1 6 (25.0) 3(18.8)
2 7(29.2) 10 (62.5)
=3 11 (45.8) 3(18.8)
Metastatic sites
Distant lymph nodes 13 (54.2) 3(18.8) 0.047
Lung 9(37:5) 8 (50.0) 0.433
Liver 8(333) 7(43-8) 0.505
Bone 11 (45.8) 8(50.0) 0.796
Pleura 6 (25.0) 3(18.8) 0.717
Brain 5(20.8) 3(28.8) 1.000
Visceral metastases 18 (75.0) 15 (93.8) 0.210

Values are presented as median (range) or number (%).
ECOG, Eastern Cooperative Oncology Group; HER2, human epidermal growth factor 2; CMF, cyclophosphamide (oral) +
methotrexate + 5-fluorouracil.
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Table 2. Administered chemotherapy agents and relative dose intensity

Variable Doublet-maintenance (n=24) Single-maintenance (n=16)  pvalue
Total cycle after 6 cycles of cisplatin 3(2-9) 10 (2—51) 0.001
Combination agent 0.022
Gemcitabine 19 (79.2) 7(43.8)
Capecitabine 5(20.8) 9(56.3)

Relative dose intensity
Cisplatin
Gemcitabine

Capecitabine

79.0 (66.7-100.0)
80 (70-85)

78.0 (60.0-100.0) -

73.3 (60.0-80.0)

80.0(80.0-100.0)

Values are presented as median (range) or number (%).

Table 3. Clinical outcomes during maintenance treatment

Doublet-maintenance (n = 24)

Single-maintenance (n = 16)

GP XP Total Gemcitabine Capecitabine Total
Maintenance of response 8(333) 2(8.4) 10 (41.7) 6(37.5) 9(56.3) 15(93.8)
Progression 11 (45.8) 3(12.5) 14 (58.3) 1(6.2) o 1(6.2)

Values are presented as number (%).
GP, gemcitabine cisplatin; XP, capecitabine cisplatin.

The median relative dose intensity of cisplatin in the
doublet-maintenance group was 77.8% (range, 66.7%
to 90%). In the single-maintenance group, the median
relative dose intensity of gemcitabine was slightly lower
(73.3%) as compared to that in the doublet-maintenance
group (79%), but there was no difference in the relative
dose intensity of capecitabine (Table 2).

Survival and treatment response in total patient
population

The median progression-free survival (PFS) and over-
all survival (OS) in the primary patient population (96
patients) was 5.5 months (range, 0.83 to 55.1) and 20.8
months (range, 3.03 to 73.3), respectively. During the
initial 6 cycles of cisplatin-doublet chemotherapy,
there were no statistically significant differences in
PES between the gemcitabine and capecitabine com-
binations (median 5.13 months vs. 4.23 months, respec-
tively; p = 0.108). The overall response rate and disease
control rate during the initial 6 cycles of cisplatin-dou-
blet therapy were 37.5% and 81.3%, respectively (Supple-
mentary Table 2).

https://doi.org/10.3904/kjim.2019.129

Treatment response and survival outcomes
according to duration of cisplatin administration,
single-agent maintenance, or chemotherapy holiday
The single-maintenance chemotherapy group showed
superior PFS than the chemotherapy holiday and dou-
blet-maintenance chemotherapy groups (median 15.43
months, compared to 8.37 and 10.67 months, respective-
ly; p = 0.008) (Fig. 2A). The results for OS were similar,
with superior OS in the single-maintenance group than
in the chemotherapy holiday and doublet-maintenance
chemotherapy groups (median 43.67 months compared
to 22.17 and 22.33 months, respectively; p = o.014) (Fig.
2B). The single-maintenance chemotherapy group still
showed superior PFS and OS after 6 cycles of cispla-
tin-doublet treatment compared to the doublet-main-
tenance or chemotherapy holiday groups ([median
PES after 6 cycles of cisplatin 9.57 months vs. 5.70 and
3.37 months, respectively; p = 0.005], [median OS after
six cycles of cisplatin 37.08 months vs. 17.90 and 17.07
months], respectively; p = 0.007) (Fig. 3). Among the con-
tinuation-treatment groups, 15 patients (93.7%) in the
single-maintenance group maintained prior clinical
response during follow-up. However, relatively fewer
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Figure 2. Survival outcomes of the patients who showed clinical response or stable disease after 6 cycles of cisplatin (CD-
DP)-doublet chemotherapy. (A) Progression-free survival. (B) Overall survival.
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Figure 3. Survival outcomes after 6 cycles of cisplatin (CDDP)-doublet chemotherapy. (A) Progression-free survival (PES). (B)
Overall survival (OS).
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Figure 4. Survival outcomes of patients according to number of cisplatin-doublet administration. (A) Progression-free surviv-
al. (B) Overall survival.
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Table 4. Univariate and multivariate analysis of survival outcomes in doublet or single- maintenance group

Progression free survival Overall survival
Characteristic Univariate analysis ~ Multivariate analysis =~ Univariate analysis =~ Multivariate analysis
HR(95%CI) pvalue HR(95%CI) pvalue HR(95%CI) pvalue HR(95%CI) pvalue

Age

<05Vs.>05 3.07(0.92-10.19)  0.067 1.44(034—6.16)  0.622
ECOG

0-1VS.2 0.91(032-2.61)  0.865 1.81(055-5.98) 0333
Subtype

HR positive vs. HER2 positive 1.12(0.52—239) 0778  133(050-3.52) 0729 0.97(039-239) 0.943  135(0.41-4.43) 0.624

HR positive vs. TNBC 156(075-3.28)  0.237  178(079—4.02) 0.422 1.94(0.84-4.49) 0.121  2.04(079-5.24) 0138
Visceral metastasis

No vs. Yes 134(056-3.19) 0506 1.08(0.44-2.66) 0.874 0.48(0.21-1.09) ©0.082  1.43(054-379)  ©0.476
Chemotherapy regimen

GPvs. XP 1.87(0.98-3.56)  0.056 2.14(0.99—458)  0.051
Maintenance treatment

Doublet vs. Single 051(0.26-0.99) 0.047 ©0.49(0.24-1.00) ©0.049 036(0.15-0.86) 0.021  037(0.15-0.95)  0.038

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hormone receptor; HER2, human
epidermal growth factor 2; TNBC, triple negative breast cancer; GP, gemcitabine cisplatin; XP, capecitabine cisplatin.

Table 5. Chemotherapy toxicities

Initial 6 cycles of

. . Continuation-treatment
cisplatin-doublet (n = 96)

Variable Doublet-maintenance (n = 24) Single-maintenance (n = 16)
Any Grade 3—4
Any Grade 3—4 Any Grade 3—4
Hematologic
Anemia 86 (89.6) 7(73) 13(54-2) 4(16) 14(87.5) 2(12.5)
Neutropenia 79 (82.3) 52 (54.2) 10 (41.7) 5(20.8) 10 (62.5) 2 (12.5)
Thrombocytopenia 60 (62.5) 14 (14.6) 7(29.1) 1(4.2) 10 (62.5) 1(63)
Non-hematologic
Neuropathy 37 (38.5) 17 (17.7) 3(12.5) 0 5(313) o
Nausea 9(9.4) 1(2) 1(4.2) o o o
Vomiting 5(5.2) 1(2) 1(4.2) o o )
Asthenia 13 (13.5) o o o o o
Stomatitis (o o o (o} o
Diarrhea 1(2) o 1(4.2) o o o
Hand-foot syndrome 1(2) 1(1) o o o o
Values are presented as number (%).
patients (10 patients, 41.6%) maintained prior clinical re- 0.793) according to 6 cycles of cisplatin-doublet admin-
sponse in the doublet-maintenance group (Table 3). istration (Fig. 4).

In addition to treatment regimen, patients were sub- In the continuation-treatment groups, COX regres-
grouped according to number of cisplatin administra- sion was performed for an in-depth analysis of the
tion cycles. There were no statistically significant differ- relationship between clinicopathologic parameters,
ences in PFS (median 4.10 months vs. 6.27 months, p = administration of maintenance chemotherapy, and sur-
0.758) or OS (median 23.90 months vs. 24.97 months, p = vival outcomes. Administration of single-maintenance
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Table 6. Systemic treatment after progression

The Korean Journal of Internal Medicine Vol. 36, No. 1, January 2021

Variable Doublet-maintenance (n=24) Single-maintenance (m=16)  pvalue
Subsequent chemotherapy regimens 0.433
Total 41 30
1 18 11
2 14 10
=3 9 9
Median 2 3
No. of total cycles 196 205
Type of chemotherapy regimens
Capecitabine 7 4
Gemcitabine 3 5
Eribulin 10 8
Vinorelbine 6 1
T-DM1 1 1
Paclitaxel 2 2
Docetaxel 2 4
Nab-paclitaxel 1
CMF 10 6
Subsequent endocrine regimens 0.441
Total 21 19
1 13 9
2 7 6
>3 1 4
Type of endocrine therapy
Tamoxifen 3 2
Letrozole 6 6
Exemestane 4 3
Exemestane + everolimus 4 4
Fulvestrant 4 6

T-DM3, trastuzumab emtansine; CMF, cyclophosphamide (oral) + methotrexate + 5-fluorouracil.

chemotherapy was associated with superior PES and OS
compared with doublet-maintenance ([for PES, hazard
ratio [HR], 0.51; 95% confidence interval [CI], 0.26 to
0.99; p = 0.047], [for OS, HR, 0.36; 95% CI, 0.15 to 0.86; p
= 0.021]). The type of chemotherapy regimen showed a
borderline association with PFS and OS ([for PFS, HR,
1.87; 95% CI, 0.98 to 3.56; p = 0.056], [for OS, HR, 2.14;
95% CI, 0.99 to 4.58; p = 0.051]). When adjusted for tu-
mor subtypes and the presence of visceral metastasis,
administration of single-maintenance chemotherapy
still showed a statistical association with prolongation
of PFS and OS ([for PFS, HR, 0.49; 95% CI, 0.24 to 1.00; p
= 0.049)], [for OS, HR, 0.37; 95% CI, 0.15 to 0.95; p = 0.038))
(Table 4).
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Safety

A total of 473 cycles of chemotherapy were administered
in the total patient population. In the single-mainte-
nance group, 225 cycles of chemotherapy were delivered
after omission of cisplatin. In the doublet-maintenance
group, 92 cycles of chemotherapy were delivered after
the initial 6 cycles of cisplatin. There were no treat-
ment-related deaths during chemotherapy. The hema-
tologic and non-hematologic toxicities are summarized
in Table 5. During the initial 6 cycles of chemotherapy,
the most common grade 3 to 4 non-hematologic toxic-
ity was peripheral neuropathy (17 patients, 17.7%), and
the most common grade 3 to 4 hematologic toxicity
was neutropenia (52 patients, 54.2%). Among the con-
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tinuation-treatment groups, any grade of peripheral
neuropathy was slightly more frequently reported in
the single-maintenance group (five patients, 31.3%) as
compared with the doublet-maintenance group (three
patients, 12.5%). However, the rates of gastrointestinal
toxicities were higher in patients with doublet-main-
tenance chemotherapy (three patients, 21.3%) than in
patient with single-maintenance chemotherapy. In the
single-maintenance group, the severity of peripheral
neuropathy gradually decreased after the omission of
cisplatin. Grade 3 to 4 hematologic toxicities were more
frequently reported in the doublet-maintenance group.

Systemic treatment after progression

Details of systemic treatment after progression are list-
ed in Table 6. Thirty-five patients (71.4%) received sys-
temic chemotherapy after progression. One hundred
ninety-six cycles of chemotherapy were administered
to the doublet-maintenance group, and 205 cycles of
chemotherapy were administered to the single-main-
tenance group. Cisplatin was not administered to any
patients after disease progression. Among hormone
receptor-positive breast cancer patients, 77.4% patients
received hormonal treatment after disease progression.
Details of systemic treatment after disease progression
in the chemotherapy holiday group are listed in Supple-
mentary Table 3.

DISCUSSION

In metastatic breast cancer (MBC), systemic treatment
is designated according to pathologic subtypes. The
mainstay of treatment in hormone receptor-positive
breast cancer is based on endocrine treatment and cy-
clin-dependent kinase 4/6 (CDK4/6) inhibitors [1]. In
the case of human epidermal growth factor receptor-2
(HER2)-positive breast cancer, anti-HER2 treatments
such as trastuzumab and pertuzumab are the backbone
of systemic therapy [14]. Eventually, however, all patients
receive cytotoxic systemic chemotherapy in the event of
visceral crisis, resistance to hormonal treatment, or re-
sistance to anti-HER2 treatment. Guidelines suggest the
use of systemic monotherapy after anthracycline and
taxane failure. However, under certain circumstances,
combination chemotherapy can be considered [2]. If pa-
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tients show a clinical benefit during combination che-
motherapy, chemotherapy is generally maintained until
disease progression; however, patients can sufter from
complications of cytotoxic chemotherapy during pro-
longed treatment. To maximize the treatment effect and
minimize the toxicity of chemotherapy during treat-
ment, the concept of maintenance chemotherapy is in-
troduced in various solid cancers, and this strategy has
been well-established in non-small cell lung cancer (NS-
CLC) [15]. After four cycles of cisplatin-doublet chemo-
therapy, continuation maintenance chemotherapy with
pemetrexed is the standard for NSCLC [13]. In the case
of MBC, maintenance chemotherapy has definite clin-
ical benefits [12], but there are no established concepts
of continuation maintenance with single chemotherapy
agents to minimize chemotherapy-induced toxicities.
In this study, we evaluated the role of single-main-
tenance chemotherapy after cisplatin-doublet chemo-
therapy in anthracycline- and taxane-pretreated MBC
patients. Among patients who showed clinical benefit to
cisplatin-doublet treatment, single-maintenance chemo-
therapy showed the greatest survival benefit compared
with doublet-maintenance or chemotherapy holiday.
When considering the duration of cisplatin adminis-
tration, there was no survival benefit in patients who
received more than 6 cycles of cisplatin-doublet combi-
nation therapy. On the basis of our analysis, we hypoth-
esized that maintenance chemotherapy after induction
with cisplatin doublet chemotherapy may have a role in
the treatment of MBC. Furthermore, our study provides a
rationale for not administering cisplatin for more than 6
cycles when designing cisplatin-based chemotherapy in
breast cancer. Until now, there have not been any guide-
lines for the duration of cisplatin administration during
chemotherapy in breast cancer. Administration cycles of
cisplatin-doublet therapy were variable among previous
clinical trials, ranging from 6 cycles to maintenance of’
therapy until unacceptable toxicity [6,10,16,17]. Consider-
ing the results of our analysis, we can rationalize the use
of cisplatin for a certain amount of cycles, followed by
a transition into maintenance chemotherapy with a less
toxic single agent to improve survival outcomes. In our
analysis, all patients received at least 6 cycles of cispla-
tin-doublet treatment with clinical benefit. On the basis
of other solid malignancies, such as NSCLC [13], four cy-
cles of the cisplatin-doublet treatment and continuation
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of maintenance treatment after clinical response can also
be considered, but further investigations through clini-
cal trials are needed.

The overall response rate of cisplatin-doublet ther-
apy in our analysis was 37.5% of the prescreened pa-
tient population, which was relatively lower than that
recently reported in the literature, wherein cispla-
tin-based chemotherapy was administered at earlier
timepoints [4,5,10], but was comparable to that in other
reports in which cisplatin was administered in heavi-
ly pre-treated MBC patients [6,16]. In our analysis, all
patients were anthracycline- and taxane-resistant, and
about 40% of the patient population received more
than three lines of palliative chemotherapy before en-
rollment in the study. Furthermore, 42.7% of patients
had more than three sites of metastasis, and about 80%
of patients had visceral metastases. As patients in our
analysis were heavily pretreated and had significant
disease burden, cisplatin-doublet chemotherapy may
have arole as palliative treatment in patients with MBC.
Among patients who showed a beneficial response
during cisplatin-doublet chemotherapy and received
at least 6 cycles of cisplatin-doublet chemotherapy,
our analysis showed a survival benefit in patients re-
ceiving single-maintenance chemotherapy, along with
tolerable toxicity profiles. On the basis of this analysis,
we can conclude that cisplatin-doublet chemotherapy
may have a benefit in anthracycline- and taxane-re-
sistant patients with relatively heavy disease burden.
Among patients who show clinical response during
cisplatin-doublet treatment, single-maintenance che-
motherapy may lead to long-term disease control with
favorably less toxicity.

There are some limitations that prompt careful in-
terpretation of the study results. This study was a ret-
rospective study, with a small sample size; thus the
study results require careful interpretation. Systemic
monotherapy is considered the standard therapy in
treatment of MBC, and relatively small portions of
the patient population received combination chemo-
therapy during analysis. As cisplatin-doublet regimen
is considered to be one of the treatment options of
combination chemotherapy and is not established as
the standard doublet regimen, only a small number of
patients were eligible for the study. The rarity of the
cisplatin-doublet regimen has influenced the hetero-
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geneous distribution of single-maintenance chemo-
therapy within the study. Furthermore, the time point
and rationale for interrupting the administration of
cisplatin were variable during the study. The hetero-
geneous patient population may have influenced the
results by selection bias. However, our study holds its
clinical value by suggesting the optimal duration of the
cisplatin-doublet regimen to maximize survival out-
comes and minimize the toxicity of the chemotherapy
regimen. Although the cisplatin-doublet regimen is
not the mainstay for treatment of MBC, there is a pro-
portion of patients that does receive the cisplatin-dou-
blet regimen during treatment. Presently, clinicians
usually suggest a maximal tolerance of the cisplatin
administration cycle on the basis of their clinical ex-
perience. Although our study is based on a retrospec-
tive analysis, our analysis suggests that 6 cycles of
the cisplatin-doublet regimen maximize the clinical
outcome. Furthermore, we have also shown that sin-
gle-maintenance chemotherapy after cisplatin-doublet
regimen may have a significant clinical benefit. Until
now, there have been relatively few studies evaluating
the role of maintenance chemotherapy in MBC. On the
basis of this study, we are planning a prospective trial
to evaluate the role of single-maintenance chemother-
apy after six cycles of cisplatin-doublet chemotherapy.
Furthermore, we can also consider shortening the du-
ration of cisplatin-doublet regimen in patients with
good clinical response in the future, with detailed clin-
ical trials being warranted for complete understanding
of the clinical outcomes.

KEY MESSAGE

1. Single-maintenance chemotherapy after a
minimum of six cycles of cisplatin-doublet
chemotherapy may have survival benefits,
while minimizing chemotherapy-related tox-
icity in patients who show response during
cisplatin-doublet chemotherapy.

2. Cisplatin-based chemotherapy, such as gemcit-
abine-cisplatin or capecitabine-cisplatin, may
have a role in the treatment of pretreated met-
astatic breast cancer, particularly in patients
with heavy disease burden.
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Supplementary Table 1. Patient characteristics

- Patients treated with cisplatin-doublet Chemotherapy holiday
Characteristic .
regime (n = 96) (m=09)

Age, yr 52 (30-70) 57 (34-65)

<65 90(93.8) 8(88.9)

= 05 6(6.2) 1(11.2)
ECOG

0-1 82 (85.4) 8(88.9)

2 14 (14.6) 1(11.2)
Hormone receptor status

Positive 66 (68.8) 7(77.8)

Negative 30 (31.2) 2(22.2)
HER2 positive 17 (17.7) 3(333)
Triple negative 21 (21.9) 1(11.2)
Disease status

Metastatic breast cancer 77 (80.2) 8(88.9)

Recurrent breast cancer 19 (19.8) 1(11.2)
Neoadjuvant chemotherapy

Anthracycline 14 (14.6) 3(333)

Taxane 7(7.3) 2(22.2)
Adjuvant chemotherapy

Anthracycline 48 (50.0) 4(44-4)

Taxane 22 (22.9) 1(11.1)
Previous lines of palliative chemotherapy

Naive 7(73) 1(11.2)

1st 30(313) 3(333)

and 19 (19.7) 1(11.1)

3rd 14 (14.6) o

= 4th 26 (27.1) 4(44.4)
Previous chemotherapy agents

Gemcitabine 8(83) o

Vinorelbine 21 (21.9) 1(11.1)

Eribulin 3(3.1) o

CMF 28 (29.2) 3(333)

Capecitabine 22 (22.9) 8(88.9)
Previous palliative endocrine treatment 36 (37.5) 6(66.7)
Previous palliative HER2 treatment 13 (13.5) 2(22.2)
No. of metastatic sites

1 28 (29.2) 1(11.2)

2 27(28.1) 1(11.2)

>3 41 (42.7) 7(77-8)
Metastatic sites

Distant lymph nodes 39 (40.6) 5(55.6)

Lung 40 (41.7) 5(55-0)

Liver 29 (30.2) 1(11.2)

Bone 45 (46.9) 6(66.7)

Pleura 17 (17.7) 2 (22.2)

Brain 15 (15.6) 4(44-4)
Visceral metastases 74 (77.1) 8(88.9)

Values are presented as median (range) or number (%).
ECOG, Eastern Cooperative Oncology Group; HER2, human epidermal growth factor 2; CMF, cyclophosphamide (oral) +
methotrexate + 5-fluorouracil.
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Supplementary Table 2. Clinical outcomes during initial 6 cycles of cisplatin-doublet chemotherapy

Variable Gemcitabine cisplatin Capecitabine cisplatin
Best response

Partial response 15 (15.6) 21 (21.9)

Stable disease 8(8.3) 34(35.4)
Overall response rate 36 (37.5)
Disease control rate 78 (81.3)
Survival outcome

Median PFS during initial 6 cycles 5.13 (4.51-5.74) 4-23 (3.41-5.05)

Values are presented as number (%) or 95% confidence interval.
PES, progression-free survival.
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Supplementary Table 3. Systemic treatment after progression

Variable Chemotherapy holiday (n = 9)
Subsequent chemotherapy
regimens
Total 17
1 6
2 4
23
Median 3
No. of total cycles 89
Type of chemotherapy
regimens
Capecitabine 5
Gemcitabine
Eribulin 4
Vinorelbine
T-DM1 1
Paclitaxel
Docetaxel 3
Nab-paclitaxel 1
CMF 2
Subsequent endocrine
regimens
Total 5
1 2
2 2
>3 1

Type of endocrine therapy

Tamoxifen

Letrozole 2
Exemestane 1
Exemestane + everolimus 1
Fulvestrant 1

T-DM31, trastuzumab emtansine; CMF, cyclophosphamide
(oral) + methotrexate + 5-fluorouracil.
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