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Abstract
Background  This study aimed to evaluate the efficacy and safety of docetaxel plus capecitabine (TX) and docetaxel 
plus epirubicin (TE) in the treatment of human epidermal growth factor 2 (HER2)-negative breast cancer.

Methods  Relevant studies assessing the efficacy and safety of TX versus TE were systematically searched from 
PubMed, Cochrane Library, Embase, and Web of Science databases until February 6, 2025. Progression-free survival 
(PFS), and clinical response, including the overall response rate (ORR), disease control rate (DCR), and grade 3/4 
adverse events were compared.

Results  Four articles with moderate methodological quality were included. The pooled results revealed no significant 
differences in PFS (hazard ratio [HR] (95% confidence interval CI) = 0.86 (0.70, 1.05), P = 0.14), ORR (risk ratio [RR] 
(95%CI) = 1.02 (0.92, 1.14), P = 0.71), or DCR (RR (95%CI) = 1.02 (0.92, 1.14), P = 0.71) between the TX and TE groups. 
For grade 3/4 adverse events, only the combined results for neutropenia (RR (95%CI), 0.71 (0.52, 0.95); P = 0.02) and 
hand-foot syndrome (RR (95%CI) = 14.36 (3.45, 59.84); P = 0.0003) demonstrated significant differences between the 
two groups. No significant differences were observed in other adverse events, including febrile neutropenia, anemia, 
thrombocytopenia, nail/hair toxicity, hepatic toxicity, diarrhea, nausea, vomiting, infection, asthenia, and neuropathy.

Conclusion  In patients with HER2-negative breast cancer, TX and TE have comparable survival benefits and efficacy. 
However, TX exhibits a reduced incidence of neutropenia, but a higher likelihood of hand-foot syndrome than that 
observed in TE.

Highlights
	• Four articles with moderate methodological quality were included.
	• TX and TE have similar efficacy in patients with HER2-negative breast cancer.
	• TX could reduce the risk of neutropenia compared to TE.
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Background
Breast cancer is the most prevalent malignancy in 
women and poses a substantial global health burden. 
Approximately 2.3 million new cases have been reported, 
with an estimated 685,000 deaths attributed to this dis-
ease in 2020 [1]. Currently, treatment alternatives for 
breast cancer, especially metastatic triple-negative 
breast cancer, are limited, with cytotoxic chemotherapy 
being the mainstay approach in clinical practice [2]. The 
use of (neo)adjuvant chemotherapy has a remarkable 
impact on reducing the risk of breast cancer recurrence 
and significantly improving the overall survival rates 
among patients [3]. For individuals with human epi-
dermal growth factor 2 (HER2)-negative breast cancer, 
particularly those with locally advanced breast cancer, 
the combination of taxanes and anthracyclines is widely 
recommended as the preferred treatment approach [4]. 
However, anthracycline-containing chemotherapy is 
associated with multiple adverse events including eme-
sis/vomiting, myelosuppression, heart failure, myelodys-
plasia, and treatment-related leukemia [5–7]. Therefore, 
the toxicity profile of these regimens has become a criti-
cal consideration within the decision-making framework 
for (neo)adjuvant therapy, prompting researchers to 
investigate alternative treatment strategies.

Capecitabine, an oral prodrug of fluorouracil, has been 
demonstrated to exhibit high efficacy in the manage-
ment of breast cancer [8–10]. Several studies have dem-
onstrated that a first-line regimen of docetaxel combined 
with capecitabine (TX) is more effective than docetaxel 
alone, confirming the application of the modality as a 
first-line treatment for advanced breast cancer [11, 12]. 
Several studies have compared the efficacy and safety of 
TX and docetaxel plus epirubicin (TE) for breast cancer 
treatment. However, the sample size of these studies was 
relatively small, and the differences in efficacy between 
the two regimens remain unclear [13–15].

To obtain comprehensive and objective results, we per-
formed a meta-analysis to pool the data from relevant 
clinical studies. The objective of this meta-analysis was to 
compare the efficacy and safety of the TX and TE regi-
mens in the treatment of HER2-negative breast cancer.

Methods
Search strategy
According to the predetermined search strategy, rel-
evant studies were retrieved from the PubMed, 
Cochrane Library, Embase, and Web of Science data-
bases. The search keywords included docetaxel, Taxotere, 
capecitabine, xeloda, epirubicin, farmorubicin, breast 

neoplasms, breast cancer, and breast carcinoma. Key-
words within the same category were combined using 
“OR”, whereas keywords from different categories were 
combined using “AND”. Subject and free words were 
combined for the search, and the search strategy for each 
database was adjusted according to its characteristics 
(Supplementary Tables 1–4). The search was conducted 
until February 6, 2025, without language restrictions. 
Additionally, we manually screened the references of the 
included studies and relevant reviews to obtain addi-
tional studies suitable for meta-analysis.

Study screening
The inclusion criteria for study selection were: (1) 
patients with HER2-negative breast cancer; (2) studies 
comparing the outcomes of TX and TE in the treatment 
of breast cancer; (3) randomized controlled trials (RCTs) 
or non-RCTs; and (4) studies including one or more 
of the following outcomes: progression-free survival 
(PFS), clinical responses including overall response rate 
(ORR) and disease control rate (DCR), as well as grade 
3/4 adverse events. The exclusion criteria were: (1) stud-
ies with the concomitant use of other medications (2) 
reviews, conference abstracts, comments, and other non-
authoritative studies; and (3) repeated publications or 
multiple articles using the same data. These articles were 
excluded except the one with the most complete research 
information. Based on these criteria, two investigators 
independently conducted screening.

Data extraction
Using a predesigned standardized form, two investiga-
tors independently completed the data extraction. The 
information extracted included the first author, publica-
tion year, basic characteristics of the study participants 
(age and sample size), diagnostic criteria and staging of 
breast cancer, study type, treatment history, and out-
comes. After completing the data extraction, the forms 
were exchanged and reviewed, and any inconsistencies 
were resolved through discussion.

Quality assessment
For non-RCTs, the risk of bias in non-randomized stud-
ies of interventions (ROBINS-I) [16] was used to evaluate 
the methodological quality. For RCTs, the Cochrane Col-
laboration’s tool for estimating risk [17] was utilized.

Statistical analysis
The differences in PFS between the TX and TE groups 
were compared using hazard ratios (HR) and 95% 

	• TX increased the risk of hand-foot syndrome compared to that observed with TE.
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confidence intervals (CI) as effect measures. To compare 
other study outcomes, risk ratios (RR) and 95% CI were 
employed as effect measures. Owing to the considerable 
clinical and methodological heterogeneity among the 
included studies, a random-effects model was employed 
for meta-analysis. Heterogeneity was assessed using 
Cochran’s Q and I2 test [18]. If P < 0.1 or I2 > 50%, sig-
nificant heterogeneity was detected. However, if P ≥ 0.1 
and I² ≤ 50%, no significant heterogeneity was observed. 
The statistical analyses described above were performed 
using the RevMan 5.3 software (RevMan, Copenhagen, 
Denmark).

Assessment of the quality of evidence
The quality of evidence was assessed using the Grading 
of Recommendations, Assessment, Development, and 
Evaluation (GRADE) method using the GRADEpro GDT 
online tool. The rating process followed the GRADE 
Handbook and guidelines [19, 20].

Results
Selection of included studies
Following the search strategy, 469 articles were retrieved 
from electronic databases. After removing 151 dupli-
cates, 311 articles were excluded following a review of 
their titles and abstracts. Subsequently, seven articles 
were subjected to full-text reading, meanwhile, three 
were excluded. No additional studies were identified 
through the manual search. Finally, four articles [13–15, 
21] were included. The study search process is illustrated 
in Fig. 1.

Description of included studies
Table 1 presents the characteristics of the included stud-
ies. Among the four included studies, three were RCTs 
and one was a retrospective clinical study. The partici-
pants in all included studies were patients with HER2-
negative breast cancer confirmed by pathology, histology, 
or cytology. Except for the study conducted by Yang et al. 
[15], which included patients with stages 2 and 3 breast 
cancer, the remaining studies included patients with 
advanced-stage breast cancer.

During the recruitment of patients with breast cancer, 
all the included studies excluded those with abnormal 
cardiac, hematological, hepatic, or renal function. Three 
studies focused on first-line treatments, whereas one 
examined neoadjuvant therapy. The dose of capecitabine 
in the study conducted by Mavroudis et al. [13] was 50 
mg/m2 lower than that in other studies (950 vs. 1000 mg/
m2); however, the use of epirubicin and docetaxel (dose, 
frequency, and cycles) was consistent across all included 
studies.

The sample size of the included studies varied from 68 
to 272 cases, totaling 545 patients (269 in the TX group 

and 276 in the TE group). Two groups were comparable 
in terms of age, Eastern Cooperative Oncology Group 
Performance Status score, and history of radiotherapy or 
(neo)neoadjuvant chemotherapy. However, a significant 
difference was noted in the history of adjuvant endocrine 
therapy in the study by Bachelot et al. [21], whereas the 
differences were not significant in the remaining three 
studies.

Assessment of study quality
The results of the quality assessment of the RCTs are dis-
played in Supplementary Fig. 1. The included studies did 
not provide information on the blinding procedures, and 
most did not report specific randomization and alloca-
tion concealment schemes. Therefore, selection, perfor-
mance, and detection had a moderate risk of bias. The 
quality assessment results for the non-RCTs are demon-
strated in Supplementary Table 5. This study exhibited a 
moderate or uncertain level of bias in terms of partici-
pant selection, intervention, and outcome measurements. 
Overall, the included studies were of moderate quality.

Analysis of PFS
Three studies reported PFS in the TX and TE groups, 
and significant heterogeneity was observed (I2 = 41%, P 
= 0.18). The pooled results were HR (95%CI) = 0.86 (0.70, 
1.05) (P = 0.14) (Fig. 2), indicating that the two treatment 
regimens achieved similar PFS in patients with HER2-
negative breast cancer.

Clinical response analysis
Clinical responses, including the ORR and DCR, were 
evaluated to compare the clinical efficacy of the two 
treatment regimens. The pooled results did not demon-
strate a significant difference in ORR (RR (95%CI) = 1.02 
(0.92, 1.14), P = 0.71) and DCR (RR (95%CI) = 1.02 (0.92, 
1.14), P = 0.71) between the TX and TE groups (Fig. 3).

Analysis of grade 3/4 adverse events
Grade 3/4 adverse effects of the two treatment regimens 
were analyzed, including hematological (neutropenia, 
febrile neutropenia, anemia, and thrombocytopenia), 
toxicity (nail/hair toxicity and hepatic toxicity), digestive 
(diarrhea, nausea, and vomiting), and other effects (hand-
foot syndrome, infection, asthenia, and neuropathy).

For hematological indicators, the combined results 
for neutropenia revealed statistical significance, with 
an RR (95%CI) of 0.71 (0.52, 0.95) (P = 0.02). This result 
confirmed that TX reduced the risk of neutropenia 
compared to the risk observed with TE. However, the 
combined results for the other three indicators were not 
statistically significant (P > 0.05) (Fig. 4). Moreover, only 
the studies reporting febrile neutropenia demonstrated 
substantial heterogeneity (I2 = 73%, P = 0.06).



Page 4 of 10Wu et al. BMC Women's Health          (2025) 25:104 

No significant heterogeneity was detected among the 
studies reporting the indicators of toxicity and digestive 
side effects. The pooled results for nail/hair and hepatic 
toxicities were RR (95%CI) = 4.38 (0.76, 25.20) (P = 0.10) 
(Nail/hair toxicity) and RR (95%CI) = 3.04 (0.32, 28.64) (P 
= 0.33), respectively (Fig. 5). The pooled results for diar-
rhea, nausea, and vomiting were RR (95%CI) = 2.70 (0.85, 
8.62) (P = 0.09), RR (95%CI) = 0.79 (0.26, 2.42) (P = 0.68), 
and RR (95%CI) = 1.08 (0.33, 3.51) (P = 0.90), respectively 
(Fig. 6). These results demonstrate that the two treatment 
regimens caused similar toxicity and digestive side effects 
in patients with HER2-negative breast cancer.

We also analyzed differences in hand-foot syndrome, 
infection, asthenia, and neuropathy between the two 
treatment regimens. However, only the pooled results 
for hand-foot were statistically significant (RR (95%CI) 
= 14.36 (3.45, 59.84); P = 0.0003) (Fig.  7). The studies 
included for these four indicators did not demonstrate 
significant heterogeneity (I2 = 0%, P > 0.1).

Certainty of evidence
According to the GRADE assessment, the certainty 
of evidence for febrile neutropenia, nail/hair toxic-
ity, hepatic toxicity, and hand-foot syndrome was low, 

Fig. 1  The study search results and the process of study selection
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Table 1  Characteristics of the included studies in this meta-analysis
Study Location Design Follow-

up, 
months, 
median

Group n Age, years ECOG PS, %, 
0/1/2

Primary therapy
Radiotherapy,% (Neo)adju-

vant chemo-
therapy, %

Adjuvant 
endocrine 
therapy, %

Bachelot, T 
2011

France RCT 41.9 TX 33 57 (32–74) 33/61/6 76 58 70
TE 35 59 (34–71) 32/65/3 63 54 43 *

Mavroudis, M 
2010

Greece RCT 43.8 TX 136 63.0 (31–75) 48.5/48.5/3.0 36.8 51.5 41.2
39.8 TE 136 60.5 (30–75) 55.1/42.6/2.2 38.2 40.4 35.3

Yang, B 2013 China RCS NR TX 46 48.0±7.5 41/5, 0–1/2 47.8 71.7 54.3
TE 46 46.4±10.1 43/3, 0–1/2 52.2 65.2 43.4

Yang, HP 2022 China RCT 69 TX 54 33/21, >50, 
≤50

NR NR NR NR

TE 59 25/34 NR NR NR NR
ECOG PS, Eastern Cooperative Oncology Group performance status; NR, not reported; RCS, retrospective clinical study; RCT, randomized controlled trial; TE, 
docetaxel plus epirubicin; TX, docetaxel plus capecitabine

Fig. 3  Forest plots demonstrate the pooled results for the overall response rate and disease control rate between docetaxel plus capecitabine and 
docetaxel plus epirubicin

 

Fig. 2  Forest plots illustrate the pooled results for progression-free survival between docetaxel plus capecitabine and docetaxel plus epirubicin
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whereas that for the other outcome indicators was mod-
erate (Supplementary Table 6).

Discussion
Clinically, HER2-negative breast cancer is not typically 
managed with HER2-targeted therapy [22, 23]. There-
fore, exploring optimal treatment regimens is crucial for 
improving the outcomes of patients with HER2-negative 
breast cancer. In this meta-analysis, we compared the 
efficacy and safety of the TX and TE regimens in patients 
with HER2-negative breast cancer. Our data did not sup-
port the superior clinical efficacy or survival benefits 
of TX compared to those of TE. However, TX reduced 
the risk of neutropenia and increased that of hand-foot 
syndrome.

Capecitabine is effective and well-tolerated in the treat-
ment of metastatic breast cancer [11, 24]. The previous 
ERASME-4 study revealed that the 6-month non-pro-
gression rates of the TX and TE regimens were 75.8% and 
65.7% (P = 0.36), respectively. Furthermore, the median 
PFS was 12.4 and 6.8 months (P = 0.04), respectively, 
indicating that first-line TX may be an alternative to 
TE. However, since this was a phase 1 clinical study, the 
conclusion lacked sufficient strength [21]. A recent ran-
domized multicenter phase II trial also revealed that TX 
and TE regimens had comparable pathological complete 
response and long-term survival rates. Nevertheless, the 
sample size of this study was small and the statistical 
analysis was insufficient [14]. This meta-analysis aimed 
to provide updated evidence. We discovered that the TX 

Fig. 4  Forest plots reveal the pooled results for neutropenia, febrile neutropenia, anemia, and thrombocytopenia between docetaxel plus capecitabine 
and docetaxel plus epirubicin
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and TE regimens achieved similar PFS rates (HR (95%CI) 
= 0.86 (0.70, 1.05), P = 0.14). The ORR (RR (95%CI) = 
1.02 (0.92, 1.14), P = 0.71) and DCR (RR (95%CI) = 1.02 
(0.92, 1.14), P = 0.71) indicated comparable efficacy 
and survival benefits between the two regimens. The 

dose-dense regimens have been reported to be effective 
for hormone receptor-negative breast cancers [25, 26]. 
The integration of capecitabine into standard agent regi-
mens was effective in addressing HER2-negative breast 
cancer, with daily administration of capecitabine offering 

Fig. 6  Forest plots demonstrate the pooled results for diarrhea, nausea, and vomiting between docetaxel plus capecitabine and docetaxel plus epirubicin

 

Fig. 5  Forest plots illustrate the pooled results for nail/hair toxicity and hepatic toxicity between docetaxel plus capecitabine and docetaxel plus epirubicin
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several potential benefits, including intensifying chemo-
therapy, prolonging cancer exposure to fluorouracil com-
pared with intravenous administration, and increasing 
intratumoral concentrations of fluorouracil [27].

Treatment-related adverse events are common con-
cerns for patients undergoing therapy [28, 29]. From 
a safety perspective, we compared the risk of adverse 
events including neutropenia, febrile neutropenia, ane-
mia, thrombocytopenia, nail/hair toxicity, hepatic tox-
icity, diarrhea, nausea, vomiting, hand-foot syndrome, 
infection, asthenia, and neuropathy. An increased inci-
dence of hand-foot syndrome after TX treatment was 
reported in a previous trial investigating metastatic dis-
ease [24], which is associated with the characteristics 
of capecitabine and is difficult to avoid. Additionally, 
TX caused less grade 4 neutropenia than that reported 
with TE, which is consistent with previous findings 
[21]. Except for neutropenia and hand-foot syndrome, 

no differences were observed in the other indicators 
between the two regimens.

This study has several advantages. First, to the best of 
our knowledge, this is the first meta-analysis to compare 
the outcomes of TX and TE in the treatment of HER2-
negative breast cancer. Second, the methodological qual-
ity of the included studies was assessed as moderate, 
with a low risk of bias for items, such as loss to follow-up 
and reporting bias. Third, the statistical heterogeneity of 
most outcome indicators was relatively low, indicating a 
high consistency in the effect sizes. Finally, the included 
studies displayed minor disparities in the study popula-
tion and intervention protocols, suggesting good gen-
eralizability of the meta-analysis results. Despite these 
advantages, this study has certain limitations. First, due 
to the limited number of included studies, assessing 
the impact of factors such as region, study type, cancer 
stage, and age on the results through a subgroup analysis 

Fig. 7  Forest plots display the pooled results for hand-foot syndrome, infection, asthenia, and neuropathy between docetaxel plus capecitabine and 
docetaxel plus epirubicin
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or meta-regression was not feasible. Second, the small 
sample size may have limited statistical power to detect 
significant differences in outcomes and explain the sta-
tistical variations in the intervention protocols. Finally, 
potential selection, performance, and detection biases 
were present in the included studies, which also affected 
the quality of the pooled results (the GRADE assessment 
results were low and moderate). However, the results of 
the meta-analysis still provide clinical reference values. 
Overall, we recommend that high-quality RCTs be con-
ducted to explore the efficacy and safety of the two treat-
ment regimens.

Conclusion
The findings suggest that TX and TE may provide simi-
lar survival benefits and efficacy in patients with HER2-
negative breast cancer. TX is likely to have a lower risk of 
neutropenia than the risk associated with TE but a higher 
risk of hand-foot syndrome. In clinical practice, an opti-
mal drug regimen can be tailored to the specific needs of 
individual patients.
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