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Background: Platinum-based chemotherapy (PBCT) has gained an important position as a first-line 
treatment for metastatic triple-negative breast cancer (mTNBC). We assessed whether maintenance 
chemotherapy maintenance was superior to observation after first-line PBCT in patients with mTNBC.
Methods: A total of 265 patients with mTNBC who had exhibited non-PD after 4–6 cycles of first-
line PBCT at the Fudan University Shanghai Cancer Center from January 2008 to April 2019 were 
retrospectively analyzed. 107 patients who did not receive additional treatment were defined as the control 
observation group, and the remaining 158 patients who continued to receive maintenance therapy were 
defined as the maintenance treatment group.
Results: The median progression-free survival (PFS) time in the maintenance group was 9.63 months, 
which was significantly longer than the PFS time of 7.47 months in the observation group (HR 0.49, 95% CI: 
0.37–0.67, P<0.0001). The median overall survival (OS) of the observation group and the maintenance group 
was 25.37 months and 31.27 months, respectively (HR 0.65, 95% CI: 0.44–0.95, P=0.019). The survival 
benefit was still present after adjusting baseline characteristics. Moreover, multivariate analyses suggested 
that maintenance chemotherapy is an independent predictive factor for both PFS and OS. Interaction and 
stratified analyses showed no difference in the PFS with between the single-drug maintenance strategy, single 
agent or doublet group and the doublet-drug maintenance group. The most common adverse event in this 
study was hematologic toxicity. Except for hand-foot syndrome (0 vs. 7.6%, P=0.004), the incidence of other 
adverse events was not significantly different between the observation and maintenance groups.
Conclusions: After achieving non-PD with the first-line PBCT in mTNBC patients, chemotherapy 
maintenance may provide OS benefit prior to the era of biologicals.
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Introduction

Triple-negative breast cancer (TNBC), which lacks 
expression of the estrogen receptor (ER), progesterone 
receptor (PR) and human epidermal growth factor 
receptor-2 (HER-2), accounts for ~12–17% of all breast 
cancers (1). TNBC is associated with a high rate of 
recurrence, distant metastasis and visceral metastasis (2-4).  
The median survival for metastatic TNBC (mTNBC) 
is only approximately 1 year (5,6). Due to insufficient 
therapeutic targets, the treatment of TNBC is a major 
clinical challenge. The main treatment option for mTNBC 
is chemotherapy, and platinum-based chemotherapy 
(PBCT) plays an important role in first-line chemotherapy 
for mTNBC.

Over the past decade, the development of PBCT has 
led to a gradual increase in the survival of patients with 
mTNBC. In 2007, when platinums were not used as the 
first-line chemotherapy for mTNBC, the median survival 
of mTNBC was only 9 months (3). After 7 years, a phase 
III clinical study by O’Shaughnessy et al. showed that 
gemcitabine plus carboplatin (GC) extended the median 
progression-free survival (PFS) and overall survival (OS) of 
mTNBC patients to 4.1 and 11.1 months, respectively (7).  
In another randomized phase III study, the CBCSG006 
trial, which indicated that cisplatin plus gemcitabine (GP) 
could be an alternative, or even the preferred, first-line 
chemotherapy strategy for patients with mTNBC, the 
median PFS in the GP group reached 7.73 months [95% 
confidence interval (CI): 6.16–9.30] (8). With these two 
studies, the important role of platinums in the treatment of 
mTNBC has been gradually accepted.

Ma in tenance  chemotherapy  i s  chemotherapy 
administered to patients who have achieved complete 
remission (CR), partial remission (PR), or disease 
stabil ization (SD) after an init ial  treatment with 
chemotherapy with a standard duration (6–8 courses) (9). 
Some clinical studies have found that patients with HER2-
positive and hormone-positive disease can achieve a clinical 
benefit from maintenance therapy (10,11). However, 
currently, there has been no prospective clinical study that 
focused on maintenance chemotherapy after first-line PBCT 
in mTNBC. In 2013, the phase III clinical study KCSG-
BR-0702 evaluated whether maintenance chemotherapy 
with paclitaxel plus gemcitabine (PG) was superior to 
observation in patients with metastatic breast cancer (MBC) 
who achieved disease control with an initial six cycles of PG 
as their first-line treatment. This study observed a longer 

PFS (7.5 vs. 3.8 months, respectively; P=0.026) and OS (32.3 
vs. 23.5 months, respectively; P=0.047) in the maintenance 
group than in the observation group (12). The subgroup 
analysis in this study showed that the PFS benefits of 
maintenance chemotherapy were observed in patients with 
hormone receptor-negative disease (95% CI: 0.30 to 0.90; 
P=0.019). Moreover, some retrospective studies affirmed 
the positive role of maintenance chemotherapy in mTNBC 
(13,14). To determine whether maintenance chemotherapy 
is a reasonable strategy to prolong PFS and OS in patients 
with mTNBC who achieved disease control with first-
line PBCT, we retrospectively reviewed a large cohort of 
mTNBC patients at the Fudan University Shanghai Cancer 
Center (FUSCC) to evaluate the efficacy and safety of the 
maintenance chemotherapy. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/apm-20-578).

Methods

Eligibility criteria

The major inclusion criteria were as follows: female sex; 
age ≥18 years; TNBC that was histologically confirmed 
using the primary tumor (ER-negative and PR-negative 
statuses were defined as <1% according to the new 
College of American Pathologists guidelines at that 
time; HER2-negative status was defined as a score of 
0 or 1 by immunohistochemistry or as the absence of 
HER2 amplification (ratio <2.2) by fluorescence in situ 
hybridization analysis); at least one measurable lesion 
by MRI or CT according to the Response Evaluation 
Criteria in Solid Tumors (RECIST) guideline version 1.1; 
histopathology that confirmed the presence of unresectable 
recurrent metastases, including newly diagnosed stage IV 
breast cancer; an Eastern Cooperative Oncology Group 
score ≤1; completion of 4–6 cycles of first-line PBCT; and 
disease control (CR, PR, or SD).

Patients were excluded if the primary tumor receptor 
status data were incomplete or if a subsequent relapse was 
known to be positive for ER, PR or HER2. Other exclusion 
criteria included pregnant or lactating women; evidence of 
CNS metastasis; history of another malignancy within the 
last five years, except cured basal cell carcinoma of the skin, 
carcinoma in situ of the uterine cervix or contralateral breast 
cancer; serious, uncontrolled, intercurrent infection; serious 
cardiovascular, liver and kidney disease, severe bone marrow 
dysfunction or endocrine dysfunction. We also excluded 
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cases with missing data. The number of cases in FUSCC 
during the study period determined the sample size.

Therapy methods

Patients received a 21-day cycle first-line doublet-drug 
regimen, which included GP, GC, and albumin-paclitaxel 
plus cisplatin (AP). Cisplatin was administered at a dose of 
75 mg/m2 on day 1 in GP/AP. Carboplatin was administered 
at a dose of AUC 2 on day 1 in GC. Gemcitabine 
was administered at a dose of 1,250 mg/m2 in GP and  
1,000 mg/m2 in GC on days 1 and 8. Albumin-paclitaxel 
was administered at a dose of 125 mg/m2 on days 1 and 8.  
The original doublet-drug maintenance chemotherapy 
regimen included GP and AP. The single-drug maintenance 
chemotherapy regimen included capecitabine and 
gemcitabine. Capecitabine was administered at a dose of  
1.5 g twice daily on days 1–14, followed by a 7-d rest period. 
Gemcitabine was administered at a dose of 1,250 mg/m2 on 
days 1 and 8.

Efficacy and safety assessments

The primary endpoint of this study was PFS, defined as 
the time from the start of the first-line treatment until 
disease progression or death. The secondary endpoints 
included OS and safety. OS was defined as the time from 
the start of the first-line treatment to death by any cause or 
was censored at the last date the patient was known to be 
alive. Adverse events were recorded before every cycle and 
graded according to the Common Terminology Criteria for 
Adverse Events (Version 4.0). The target lesion was assessed 
every 2 cycles using the RECIST guidelines (RECIST 1.1).

Statistical methods

PFS and OS were estimated using the Kaplan-Meier 
method, and comparisons between the two groups were 
performed using log-rank tests. Analyses of the treatment 
effects were adjusted with a multifactor Cox proportional 
hazard regression model. Baseline characteristics and 
incidence of adverse events were compared using Pearson’s 
chi-square test and a t-test. All P values were calculated 
using a two-sided test and were considered statistically 
significant when P<0.05. Interaction and stratified 
analyses were performed with EmpowerStats (http://www.
empowerstats.com, X&Y Solutions, Inc., Boston, MA, 

USA). All statistical analyses and data calculations were 
conducted using SPSS software (version 22.0).

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This 
retrospective study was approved by Fudan University 
Shanghai Cancer Center Medical Ethics Committee (No. 
1412142-14) and informed consent was taken from all the 
patients.

Results

Patient characteristics

A total of 265 patients treated at the FUSCC from 
January 2008 to April 2019 were enrolled in this study. 
After achieving disease control with 4–6 cycles of first-
line PBCT, 107 patients who continued without additional 
treatment were defined as the control observation group 
for this study. In observation group, 84 (78.5%) patients 
rested chemotherapy due to physicians’ preference, 12 
(11.2%) patients due to patient’s preference, and 11 (10.3%) 
patients due to intolerant toxicity. The remaining 158 
patients continued to receive maintenance therapy after 
completing 6 courses of first-line PBCT and were defined 
as the maintenance treatment group for this study. The 
doublet-drug regimens included in observation group were 
GP (n=81, 75.7%), GC (n=8, 7.5%), and AP (n=18, 16.8%). 
18 (11.4%) and 33 (20.9%) patients received capecitabine 
and gemcitabine maintenance therapy, respectively. 
The baseline characteristics of the patients were similar 
between the two groups (Table 1). Among all the patients, 
the oldest was 78 years old, the youngest was 29 years 
old, and the average age was 49.26 years. The numbers of 
patients aged >40 years in the observation and maintenance 
groups were 83 (77.6%) and 125 (79.1%), respectively, and 
approximately half of patients were premenopausal women. 
The numbers of patients who had achieved CR or PR after 
first-line chemotherapy were 66 (61.7%) and 109 (69.0%) 
in the observation and maintenance groups, respectively. 
The most common site of metastasis was the lymph node, 
and pleural metastasis was the least common event. More 
than half of patients had visceral metastasis.

Efficacy analysis

By April 15, 2019, a total of 217 (81.9%) patients were 
documented to have disease progression or death. Among 
them, 91 patients (85.0%) were in the observation group, 

http://www.empowerstats.com
http://www.empowerstats.com
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and 126 patients (79.7%) were in the maintenance group. 
The median PFS time in the maintenance group was  
9.63 months, which was significantly longer than the 
median PFS time of 7.47 months in the observation group. 

There was a significant difference between the PFS of the 
two groups [hazard ratio (HR) 0.49, 95% CI: 0.37–0.67, 
P<0.0001; Figure 1A]. The median OS time was also shorter 
in the observation group than in the maintenance group 

Table 1 Patient characteristics in maintenance group and observation group

Characteristics
Observation (n=107) Maintenance (n=158)

P value
No. of pts % No. of pts %

Age 0.764

≤40 years 24 22.4 33 20.9

>40 years 83 77.6 125 79.1

ECOG PS 0.462

0 35 32.7 45 28.5

1 72 67.3 113 71.5

Menopausal status 0.933

Premenopausal 57 53.3 85 53.8

Postmenopausal 50 46.7 73 46.2

DFI 0.450

<1 year/primary IV 33 30.8 42 26.6

≥1 year 74 69.2 116 73.4

No. of metastatic sites 0.955

1 45 42.0 67 42.4

≥2 62 58.0 91 57.6

Metastatic sites

Lymph nodes 62 57.9 98 62.0 0.505

Lung 46 43.0 69 43.7 0.913

Liver 24 22.4 28 17.7 0.344

Bone 26 24.3 38 24.1 0.963

Pleura 12 11.2 11 7.0 0.228

Soft tissue 36 33.6 53 33.5 0.986

Visceral metastases 63 58.9 92 58.2 0.916

Prior adjuvant chemotherapy

Anthracycline 74 69.2 105 66.5 0.645

Taxane 59 55.1 84 53.2 0.752

First-line chemotherapy 0.218

CR/PR 66 61.7 109 69.0

SD 41 38.3 49 31.0

ECOG, Eastern Cooperative Oncology Group; PS, performance status; DFI, disease free interval; CR, complete remission; PR, partial 
remission; SD, disease stabilization.
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(25.37 vs. 31.27 months, respectively; HR 0.65, 95% CI: 
0.44–0.95, P=0.019; Figure 1B).

To determine whether maintenance treatment was an 
independent factor for predicting PFS and OS, we evaluated 
several clinical features of patients using univariate analysis. 
The factors that significantly influenced PFS and OS in 
the univariate analysis included menstrual status, number 
of metastatic lesions, efficacy of first-line chemotherapy, 
visceral metastases, and maintenance treatment. Breast 
cancer in young women (≤40 years) has greater morbidity 
and fatality than in older women, so we divided the patients 
into two groups at the age of 40 (15). We calculated the 
HRs of these factors using a multivariate Cox proportional-
hazards regression model. The results showed that 
maintenance chemotherapy was an independent predictive 
factor for PFS (HR, 0.48; 95% CI: 0.36–0.63; P<0.001; 

Table 2) and OS (HR, 0.68; 95% CI: 0.47–0.99; P=0.044; 
Table 3).

Exploratory analyses of PFS across the main clinical 
subgroups showed that all the subgroups favored the 
maintenance group (Figure 2). The single-drug (n=47) and 
doublet-drug maintenance regimens (n=111) showed no 
difference in effect on PFS, and this was consistent across 
subgroups (Figure 3).

Toxicity analysis

Table 4 presents the drug-related toxicities (according to 
the National Cancer Institute Common Terminology 
Criteria for Adverse Events) per patient that were observed. 
The calculation of adverse events started with first-line 
chemotherapy. The most common adverse event in the 

Figure 1 (A) Progression-free survival (PFS) and (B) overall survival in the maintenance and observation groups.
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Table 2 Univariate and multivariate cox regression analysis of median PFS

Characteristics
Univariate cox regression Multivariate cox regression

HR 95% CI P value HR 95% CI P value

Age (≤40 years, >40 years) 0.97 0.70–1.34 0.841

ECOG PS (0,1) 1.22 0.86–1.73 0.260

Menopausal status (postmenopausal, premenopausal) 1.26 0.97–1.65 0.090

Disease free interval (<1 year or primary IV, ≥1year) 0.94 0.87–1.01 0.078

Metastatic sites (1, ≥2) 1.48 1.26–1.75 <0.001 1.42 1.12–1.69 <0.001

Visceral metastases 1.33 1.01–1.75 0.042 1.10 0.83–1.46 0.502

First-line chemotherapy (CR/PR, SD) 1.85 1.40–2.44 <0.001 1.86 1.40–2.46 <0.001

Observation/maintenance 0.49 0.37–0.64 <0.001 0.48 0.36–0.63 <0.001

ECOG, Eastern Cooperative Oncology Group; PS, performance status; HR, hazard ratio; CI, confidence interval; CR, complete remission; 
PR, partial remission; SD, disease stabilization.
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observation and maintenance groups was neutropenia 
(82.2% vs. 83.5%). Other adverse events with high 
incidence were thrombocytopenia (62.6% vs. 58.2%), 
anemia (71.0% vs. 75.9%), nausea (72.9% vs. 79.1%), and 
vomiting (61.7% vs. 67.7%). Except for hand-foot syndrome 
(0 vs. 7.6%, P=0.004), there was no statistically significant 

difference in the incidence of other adverse events between 
the two groups.

Discussion

Although PBCT has shown advantages as the first-line 

Table 3 Univariate and multivariate cox regression analysis of median OS

Characteristics
Univariate Cox regression Multivariate Cox regression

HR 95% CI P value HR 95% CI P value

Age (≤40 years, >40 years) 0.87 0.57–1.32 0.500

ECOG PS (0,1) 1.11 0.67–1.83 0.684

Menopausal status (premenopausal, postmenopausal) 1.55 1.07–2.25 0.021 1.48 1.01–2.15 0.042

Disease free interval (<1 year or primary IV, ≥1 year) 1.15 0.96–1.37 0.136

Metastatic sites (1, ≥2) 1.60 1.10–2.33 0.014 1.47 1.00–2.14 0.048

Visceral metastases 0.96 0.68–1.42 0.918

First-line chemotherapy (CR/PR, SD) 1.59 1.09–2.32 0.015 1.47 1.01–2.15 0.045

Observation, maintenance 0.65 0.45–0.94 0.020 0.68 0.47–0.99 0.044

ECOG, Eastern Cooperative Oncology Group; PS, performance status; HR, hazard ratio; CI, confidence interval; CR, complete remission; 
PR, partial remission; SD, disease stabilization.
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Figure 2 Forest plots (PFS analysis between observation and maintenance). PFS, progression-free survival; HR, hazard ratio; CI, confidence 
interval; ECOG, Eastern Cooperative Oncology Group; PS, performance status; DFI, disease free interval.
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Table 4 Toxicity

Adverse event
Any grade Grade 3–4

Observation, n (%) Maintenance, n (%) Observation, n (%) Maintenance, n (%)

Neutropenia 88 (82.2%) 132 (83.5%) 55 (51.4%) 92 (58.2%)

Thrombocytopenia 67 (62.6%) 92 (58.2%) 31 (28.9%) 50 (31.6%)

Anemia 76 (71.0%) 120 (75.9%) 30 (28.0%) 48 (30.4%)

Nausea 78 (72.9%) 125 (79.1%) 8 (7.5%) 12 (7.6%)

Vomiting 66 (61.7%) 107 (67.7%) 14 (13.1%) 26 (16.5%)

Rash 14 (13.1%) 18 (11.4%) 0 0

AST/ALT 20 (18.7%) 31 (19.6%) 0 1 (0.6%)

Constipation 20 (18.7%) 34 (21.5%) 0 0

Hand-foot syndrome 0 12 (7.6%) 0 3 (1.9%)

Peripheral neuropathy 15 (14.0%) 31 (19.6%) 0 0

Figure 3 Forest plots (PFS analysis between two and single drug maintenance). PFS, progression-free survival; HR, hazard ratio; CI, 
confidence interval; ECOG, Eastern Cooperative Oncology Group; PS, performance status; DFI, disease free interval.
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chemotherapy for mTNBC, it is still worth exploring 
how to further prolong the PFS and OS of patients based 
on the advantages of PBCT. In this study, we suggest 

that maintenance chemotherapy can prolong the PFS 
and OS of mTNBC patients who have achieved non-PD 
after first-line PBCT. Additionally, two- and single-drug 
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maintenance chemotherapy strategies showed no difference 
in prolonging PFS. We also observed that there was no 
statistically significant difference in the incidence of adverse 
events between the two groups except hand-foot syndrome.

There is only one phase III clinical study, KCSG-
BR-0702, which has examined the use of maintenance 
treatment after first-line chemotherapy in the treatment 
of mTNBC (12). The maintenance treatment regimen 
in this trial was GP, which was identical to the first-line 
chemotherapy regimen. This study included not only 
patients with mTNBC but also HR-positive and HER2-
positive patients. This trial concluded that maintenance 
therapy resulted in better PFS and OS compared with 
observation, including that in the mTNBC subgroup. 
However, this study did not include the specific survival 
benefit data of the mTNBC subgroup, and the number of 
patients in this subgroup was small (n=31). Although this 
trial could not provide direct evidence for the gemcitabine-
cisplatin regimen involved in our study, it confirmed the 
efficacy of doublet drug maintenance therapy in patients 
with mTNBC. Furthermore, a number of retrospective 
clinical studies have explored the value of different regimens 
of maintenance therapy for mTNBC. A retrospective clinical 
study established by the Peking University Cancer Institute 
in 2014 suggested that capecitabine maintenance therapy 
after initial capecitabine plus docetaxel chemotherapy in 
patients with mTNBC could significantly prolong the 
PFS with a favorable safety profile (10.1 vs. 6.7 months,  
P=0.032) (14). Another retrospective study in 2016 by 
Ferrero et al. (13) found that patients with mTNBC who 
received first-line treatment with a three-drug regimen 
of paclitaxel, capecitabine, and bevacizumab followed by 
maintenance therapy with capecitabine and bevacizumab had 
a median PFS of 7.6 months (95% CI: 6.3–9.0 months) and 
median OS of 19.2 months (95% CI: 17.4–20.9 months).

Our study was the first to explore the relevance of 
maintenance therapy on patients’ prognosis after first-line 
chemotherapy with PBCT in mTNBC. Compared with 
previous studies, we enrolled a larger number of patients 
and had a longer follow-up period. We also included various 
maintenance treatment regimens. Our study also had some 
limitations. Retrospective studies have poorer control over 
baseline characteristics and treatment standardization. 
To resolve this problem, we used a multivariate Cox 
proportional-hazards model to adjust for the treatment 
effects, eliminating the effects of other prognostic factors 
as much as possible, which led to relatively reliable 

conclusions. Our institution routinely used the original 
doublet-drug maintenance chemotherapy, and the number 
of patients in the single-drug maintenance group was 
relatively small. Due to the uneven distribution of the 
patients enrolled in each maintenance treatment regimen, 
we did not compare the specific maintenance treatment 
regimens. The results of this study only suggested that 
two- and single-drug maintenance chemotherapy strategies 
showed no difference in effect on prolonging PFS. This 
part will be further refined in our subsequent research.

Moreover, breast cancer is a highly heterogeneous  
disease (16), and the prognosis of breast cancers with 
different molecular subtypes is also quite different (17-19).  
There are several phase III clinical studies comparing 
different maintenance regimens in patients with HR-positive 
and HER2-positive advanced breast cancer (11,20-22).  
However, such clinical trials are still lacking for the 
population with mTNBC. In previous phase III clinical 
studies of first-line PBCT, the median PFS of the GP 
group in the CBCSG006 study was 7.73 months (8), and 
the median OS of the gemcitabine plus carboplatin group 
was 11.1 months (7). Compared with these studies, the 
survival benefits for our subjects have increased. Therefore, 
maintenance treatment for mTNBC will be a worthwhile 
research direction, and it may contribute to the precise 
treatment of mTNBC.

Besides chemotherapy, targeted therapy and immunotherapy 
are also two kinds of promising therapies for mTNBC (23). 
For example, PARP inhibitors and PD-1/PD-L1 inhibitors 
have achieved much progress in this field (24,25). However, 
the hyperprogressors after immunotherapy, immature 
administration, and low response rate limit their roles in 
clinical application (26,27). Thus, many clinical trials about 
PARP inhibitors and PD-1/PD-L1 inhibitors have been 
designed based on heavily pretreated mTNBC patients (28). 
Although the immunotherapy is the trend in tumor therapy, 
whether it could be the first-line therapy or even replace 
the chemotherapy is still unknown. At least chemotherapy 
will be the main treatment of mTNBC for a long period, 
and our study can provide a choice before new therapies are 
optimised.

Therefore, our results suggest that based on the 
advantages of PBCT, maintenance chemotherapy can 
significantly improve PFS and OS in patients with mTNBC 
after achieving disease control with first-line PBCT. There 
was no significant difference in the results on PFS of single 
and doublet-drug maintenance chemotherapies. This finding 
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may play an important role in the management of mTNBC 
treatment and development of subsequent clinical trials.
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