
Vol.:(0123456789)1 3

Breast Cancer Research and Treatment (2019) 174:27–37 
https://doi.org/10.1007/s10549-018-5055-9

REVIEW

Anthracycline and taxane-based chemotherapy versus docetaxel 
and cyclophosphamide in the adjuvant treatment of HER2-negative 
breast cancer patients: a systematic review and meta-analysis 
of randomized controlled trials

Rafael Caparica1 · Marco Bruzzone2 · Francesca Poggio3 · Marcello Ceppi2 · Evandro de Azambuja1 · 
Matteo Lambertini1 

Received: 14 September 2018 / Accepted: 16 November 2018 / Published online: 21 November 2018 
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract
Purpose  Standard adjuvant chemotherapy for HER2-negative breast cancer consists generally in an anthracycline and 
taxane-based regimen (A+T). The TC (docetaxel and cyclophosphamide) regimen arises as a potential alternative, although 
individual randomized controlled trials (RCTs) could not demonstrate the non-inferiority of TC over A+T. This is a sys-
tematic review and meta-analysis of RCTs comparing 6 cycles of TC versus sequential A+T in the adjuvant treatment of 
HER2-negative breast cancer.
Methods  A systematic literature search was performed to identify RCTs comparing TC versus A+T. Disease-free survival 
(DFS) and overall survival (OS) were assessed. Subgroup analyses of DFS according to hormone receptor status, lymph 
node involvement, and menopausal status were performed. Hazard ratios (HRs) and 95% confidence intervals (CI) for DFS 
and OS were extracted from each trial, and a pooled analysis was conducted using the random-effect model. The Higgins’ 
I-Squared Test was used to quantify heterogeneity.
Results  Seven RCTs were included (12,741 patients). Overall, no difference was observed between TC and A+T in DFS 
(HR 1.08, 95% CI 0.96–1.20) and OS (HR 1.05; 95% CI 0.90–1.22). A trend favoring A+T was observed in hormone 
receptor-negative (HR 1.12, 95% CI 0.93–1.34) and N2 patients (HR 1.25; 95% CI 0.82–1.90). Emesis/vomiting, mucositis, 
thrombocytopenia and sensory neuropathy were significantly more frequent with A+T.
Conclusion  As adjuvant treatment of HER2-negative breast cancer, sequential A+T regimen was associated with increased 
risk of toxicities and no clear survival benefit as compared to 6 cycles of TC. Higher-risk patients may benefit the most from 
A+T, whilst TC may be an efficacious and less toxic alternative for lower-risk patients.
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Introduction

Adjuvant chemotherapy significantly reduces the risk of 
recurrence and improves overall survival (OS) of breast can-
cer patients [1]. The sequential administration of a taxane 
with anthracycline and cyclophosphamide-based chemo-
therapy (A+T) is considered the standard adjuvant regi-
men in HER2-negative early breast cancer [2–4]. Although 
anthracyclines represent an important component of adju-
vant chemotherapy, they are associated with several pos-
sible short and long-term adverse events, including myelo-
suppression, emesis/vomiting, heart failure, myelodysplasia, 
and leukemia [4, 5]. In an attempt to avoid these toxicities, 
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alternative chemotherapy regimens have been studied such 
as the combination of docetaxel plus cyclophosphamide 
(TC) for 4 cycles, which demonstrated to be superior to 4 
cycles of doxorubicin plus cyclophosphamide [6]. Based on 
these findings and given the aforementioned safety concerns, 
the percentage of patients receiving a non-anthracycline 
regimen in the adjuvant setting has increased over time [7].

More recently, a next generation of randomized con-
trolled trials (RCTs), most of which were non-inferiority 
studies, compared the standard sequential A+T regimens 
with 6 cycles of TC as adjuvant chemotherapy. No single 
RCT was able to demonstrate the non-inferiority of TC 
versus A+T [8–11]. To provide updated evidence on the 
controversial but crucial topic of adjuvant chemotherapy 
de-escalation, we performed a systematic literature review 
and a meta-analysis of RCTs that compared 6 cycles of TC 
versus sequential A+T in HER2-negative early breast cancer 
patients.

Methods

This study is a systematic review and meta-analysis based 
on published data of RCTs that compared 6 cycles of TC 
versus sequential A+T as adjuvant chemotherapy in HER2-
negative breast cancer patients.

Objectives

Primary objective was to compare the efficacy of TC versus 
A+T in terms of disease-free survival (DFS). Secondary 
endpoints included OS, rates of adverse events grade ≥ 3 
(emesis/vomiting, mucositis, diarrhea, anemia, neutropenia, 
febrile neutropenia, thrombocytopenia, sensory neuropathy, 
and heart failure), treatment-related deaths and treatment 
interruption due to toxicities.

Subgroup analyses of DFS were performed to evaluate if 
treatment effect varied according to hormone receptor sta-
tus (positive and negative), number of positive lymph nodes 
(N1 and N2), and menopausal status (premenopausal and 
postmenopausal).

Data sources and search strategy

A literature search in PubMed, Embase, the Cochrane 
Library, and conference proceedings from major oncology 
conferences (ASCO, ESMO and SABCS) was performed 
with no date restriction up to June 15, 2018. The search 
strategy was developed using the Patient, Intervention, Com-
parator and Outcome (PICO) framework and comprised the 
keywords related to “breast cancer”, “adjuvant”, “chemo-
therapy”, “anthracycline”, and “taxane”. Two reviewers (RC 
and FP) independently evaluated the titles and the abstracts 

of the identified records; a third author (ML) reviewed the 
search results to apply the eligibility criteria. Cross-referenc-
ing from relevant studies and review articles on the topic was 
performed to confirm that all eligible trials were included.

This meta-analysis was conducted and reported accord-
ing to the Preferred Reporting Items for Systematic 
Reviews and Meta-analysis (PRISMA) guidelines for 
systematic reviews [12], and registered before study ini-
tiation in the PROSPERO database (registration number 
CRD42018090962; full protocol available in the website).

Selection of the articles

Eligible studies had to meet the following inclusion crite-
ria: RCTs with published, presented, or otherwise publically 
available data; RCTs that included HER2-negative early 
breast cancer patients; RCTs comparing TC versus A+T; 
information available at least on DFS; and published in Eng-
lish. For RCTs fulfilling these criteria but with multiple arms 
or factorial design, only the results of the arms of interest 
were included.

Excluded studies were RCTs including only HER2-pos-
itive patients, non-randomized studies, studies for which 
insufficient or no results were available at the time of the 
literature search, and studies not published in English.

Statistical analysis

For the efficacy analysis (DFS and OS), HRs were calcu-
lated for the comparison of TC versus A+T. A HR < 1 favors 
TC (i.e., better DFS/OS with TC), whilst a HR > 1 favors 
A+T (i.e., better DFS/OS with A+T). For the safety analy-
sis, the odds ratio (OR) for each adverse event was calcu-
lated by comparing TC versus A+T. An OR < 1 indicates 
that the adverse event was more frequent with TC, whilst an 
OR > 1 indicates that the adverse event was more frequent 
with A+T. For each OR or HR estimates, 95% confidence 
intervals (CIs) were computed.

Pooled ORs or HRs using the random-effects model 
were computed with the method of DerSimonian and Laird. 
The Higgins’ I2 index was computed to obtain a quantita-
tive measure of the degree of inconsistency in the results of 
the included studies. To assess whether the pooled OR/HR 
estimates were stable or strongly dependent on one or few 
studies, sensitivity analyses were conducted by interactively 
recalculating the pooled OR/HR estimates after exclusion 
of each single study. All reported p values were two-sided. 
All statistical analyses and the generation of forest plot 
were conducted using Stata Software Version 13.1 (Stata-
Corp LP). The Cochrane risk of bias assessment tool was 
employed to assess the quality of the data obtained and the 
risk of bias in each study (Supplementary material, Table 1) 
[13].
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Results

From the initial 501 records that were identified, four were 
included (Fig. 1). Among them, two were RCTs (HORG 
and DBCG 07-READ), one was a pooled analysis of three 
RCTs (ABC trials comprising three studies: USOR06-090, 
NSABP B-46-I/USOR07132, and NSABPB-49), and one 
was a conference abstract corresponding to the pooled anal-
ysis of two RCTs (PlanB + SuccessC) [8–11] (Table 1). A 
total of 12,741 patients were included.

The DBCG READ-07 trial allowed the inclusion of 
HER2-positive patients (11% of the study population): 

this was a stratification factor and all these patients 
received standard treatment with trastuzumab combined 
to chemotherapy [10]. The DBCG READ-07 trial included 
only patients without amplifications of topoisomerase 
IIa (TOP2A) because at the time of study conception, 
TOP2A was considered a potential predictor of benefit 
from anthracyclines. However, more recent studies did 
not confirm the role of TOP2A as a predictive biomarker 
[14–16]. Nevertheless, to take into account the inclusion 
of a selected patient population, efficacy results are pre-
sented both overall and after excluding the DBCG READ-
07 trial.

Table 1   Characteristics of the studies included in the meta-analysis

G-CSF, Granulocyte monocyte colony stimulating factor; HER2, human epidermal growth factor receptor type 2; TC, docetaxel + cyclophos-
phamide; FEC, fluorouracil + epirubicin + cyclophosphamide; A+T, anthracycline and taxane-based regimen; TNBC, triple-negative breast can-
cer; AC, doxorubicin + cyclophosphamide; TOP2A, topoisomerase IIa; EC, epirubicin + docetaxel; PAI-1, plasminogen activator inhibitor-1; RS, 
21-gene recurrence score assay; NI, non-inferiority
a This is the objective of the PlanB study

Trial Patients Population Objective Medium follow-up Chemotherapy Prophylatic G-CSF

HORG Mavroudis 
et al. [9]

650 HER2 negative, N 
≥ 1

TC NI to A+T in 
3-year DFS

HR for NI - 1.53

A+T arm—46 
months

TC arm—47 months

TC x6
Versus
FEC x3 + docetaxel 

x3

Mandatory for A+T, 
optional for TC

ABC Trials Blum 
et al. [8]

4.156 HER2 negative, N 
≥ 1

OR
N0 high risk 

(TNBC, T2, grade 
3, Oncotype DX 
≥ 25)

TC NI to A+T in 
iDFS

HR for NI - 1.18

39.6 months TC x6
Versus
AC + docetaxel or 

paclitaxel

Mandatory for A+T, 
optional for TC

DBCG 07-READ 
Ejlertsen et al. [10]

2.012 TOP2A not overex-
pressed, N1

OR
N0 high risk (age ≤ 

39 years, T2, grade 
≥ 2, TNBC, HER2 
positive)

TC superiority to 
A+T in 3-year 
DFS

36% improve in
3-year DFS

69 months TC x6
Versus
EC x3 + docetaxel 

x3

Mandatory for all 
patients

PlanB + SuccessC 
Wolfgang et al. 
[11]

5.923 PlanB
HER2 negative, 

TNBC N1, or 
N0 high risk (T 
≥ 2, grade ≥ 2, 
Hormone receptor-
negative, age ≤ 35 
years, PAI-1 high 
expression)

OR
Hormone receptor-

positive and N ≥ 
2, or N1 with a RS 
> 11

SuccessC
HER2 negative, N 

≥ 1
OR
N0 high risk (T ≥ 2, 

grade 3, age ≤ 35 
years, TNBC)

TC NI to A+T in 
5-year DFS

4.4% absolute NI 
margina

62 months TC x6
Versus
EC x4 + docetaxel 

x4

N/A
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Efficacy analyses

Disease‑free survival

All studies reported DFS results [8–11]. No significant dif-
ference was observed between TC and A+T in the overall 
population (HR 1.08; 95% CI 0.96–1.20; p = 0.193) with 
no significant heterogeneity (I2 = 1.2%, pheterogeneity = 0.386; 
Fig. 2a). At the sensitivity analyses, DFS results did not 
change significantly; after excluding the DBCG READ-07 
study, the pooled HR for DFS was 1.09 (95% CI 0.94–1.27; 
p = 0.240) (Supplementary material, Table 2A).

Three studies reported DFS in hormone receptor-pos-
itive patients (N = 11,143) [8–10]. No significant differ-
ence was observed between TC and A+T (HR 1.05; 95% 
CI 0.86–1.27; p = 0.653) with no significant heterogeneity 
(I2 = 0%, pheterogeneity = 0.664; Fig. 3a). Sensitivity analysis 
is provided as Supplementary material, Table 3A. All stud-
ies reported DFS in hormone receptor-negative patients 
(N = 1598) [8–11]. No significant difference was observed 
between TC and A+T (HR 1.12; 95% CI 0.93–1.34; 
p = 0.237) with no significant heterogeneity (I2 = 9.0%, 
pheterogeneity = 0.348; Fig. 3b). Sensitivity analysis is provided 
as Supplementary material, Table 3B.

Two studies reported DFS according to lymph node 
status (N1 and N2) [8, 9]. In N1 patients (N = 2242), no 
significant difference was observed between TC and A+T 
(HR 1.06; 95% CI 0.65–1.73; p = 0.823; Fig. 4a), with no 
significant heterogeneity (I2 = 49.7%, pheterogeneity = 0.159). In 
N2 patients (N = 678), no significant difference was observed 
between TC and A+T (HR 1.25; 95% CI 0.82–1.90; 
p = 0.300; Fig.  4b), with no significant heterogeneity 
(I2 = 0%, pheterogeneity = 0.400).

Two studies reported DFS according to menopausal 
status [9, 10]. In premenopausal patients  (N = 1251), 
no significant difference was observed between TC and 
A+T (HR 0.78; 95% CI 0.56–1.09; p = 0.140), with no 
significant heterogeneity (I2 = 0%, pheterogeneity = 0.874; 
Fig. 5a). Similarly, in postmenopausal patients (N = 1411), 
no significant difference was observed between TC and 
A+T (HR 1.16; 95% CI 0.83–1.61; p = 0.395), with no 
significant heterogeneity (I2 = 14.1%, pheterogeneity=0.281; 
Fig. 5b).

Overall Survival

All studies reported OS results for the overall population 
[8–11]. No significant difference was observed between 
TC and A+T (HR 1.05; 95% CI 0.90–1.22; p = 0.555) with 
no significant heterogeneity (I2 = 0%, pheterogeneity=0.850; 
Fig. 2b). Sensitivity analysis is reported as Supplementary 
material, Table 2B; after excluding the DBCG READ-07 
study, the pooled HR for OS was 1.02 (95% CI 0.86–1.21; 
p = 0.825).

Safety analyses

For the safety analysis, a total of 9145 patients were 
included. Considering that the latest abstract of the 
PlanB + SuccessC trials included in the efficacy analysis did 
not contain data on toxicities, this information was retrieved 
from a previously presented abstract of the PlanB study [17]. 
All sensitivity analyses for the safety results are reported as 
Supplementary material Table 4.

Fig. 1   PRISMA flow chart 
illustrating the literature search 
and the study selection for the 
meta-analysis. *Pooled efficacy 
data from the PlanB and Suc-
cessC trials presented at ASCO 
2018 were included; for the tox-
icity analysis, we included the 
PlanB study abstract presented 
at  ASCO 2017 (since the 
pooled analysis PlanB + Suc-
cessC presented at ASCO 2018 
did not report data on tox-
icities). Abbreviations: ASCO, 
American Society of Clinical 
Oncology; ESMO, European 
Society for Medical Oncology; 
SABCS, San Antonio Breast 
Cancer Symposium

501 iden�fied and screened records

(MEDLINE, COCHRANE, EMBASE, ASCO, 
ESMO and SABCS websites) 

10 records possible candidates for 
eligibility 

4 records*

Iden�fica�on 
and screening

Eligibility

Included

Excluded

N = 82 duplicates 
N = 409 �tle/abstract not relevant 

Full text ar�cles excluded

N = 2 not in English
N = 2 taxane arm  not TC 
N = 1 taxane was not mandatory in A+T 
arm
N = 1 no efficacy data available
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Emesis/vomiting

Grade ≥ 3 emesis/vomiting was significantly less frequent 
with TC (39 out of 4597 patients [0.8%]) in comparison 
with A+T (129 out of 4548 patients [2.8%]; OR 4.36; 95% 
CI 1.47–12.94; p = 0.008; Fig. 6 and Supplementary mate-
rial Fig. 1A). A significant heterogeneity between stud-
ies was observed (I2 = 81.5%, pheterogeneity = 0.001); this 
appeared to be mainly driven by the ABC trials. After 
excluding this study, the results confirmed the higher risk 
of emesis/vomiting with A+T (Supplementary material 
Table 4A).

Mucositis

Grade ≥ 3 mucositis was significantly less frequent with TC 
(45 out of 4597 patients [1%]) in comparison with A+T (114 
out of 4548 patients [2.5%]; OR 2.57; 95% CI 1.81–3.64; 
p < 0.001; Fig. 6 and Supplementary material Fig. 1B), with 
no significant heterogeneity (I2 = 0, pheterogeneity = 0.776).

Diarrhea

There was no significant difference in grade ≥ 3 diarrhea 
between TC (164 out of 4597 patients [3.5%]) and A+T (169 

Fig. 2   Forest plots and the 
pooled hazard ratios with the 
respective p values for disease-
free survival (a) and overall 
survival (b) in the overall 
population. Abbreviations: 
HR, hazard ratio; CI, confi-
dence intervals; TC, docetaxel 
and cyclophosphamide; A+T, 
anthracycline and taxane-based 
chemotherapy

Random effect: p=0.193

Random effect (I-squared = 1.2%, p = 0.386)

PlanB + Success-C

HORG

Trial name

ABC Trials

DBCG 07-READ

2017

2016

Year

2017

2017

1.08 (0.96, 1.20)

1.04 (0.88, 1.22)

0.87 (0.54, 1.39)

HR (95% CI)

1.23 (1.01, 1.50)

1.00 (0.78, 1.28)

1.08 (0.96, 1.20)

1.04 (0.88, 1.22)

0.87 (0.54, 1.39)

1.23 (1.01, 1.50)

1.00 (0.78, 1.28)

Favors TC  Favors A + T 
1.54 1 1.85

Random effect: p=0.555

Random effect (I-squared = 0.0%, p = 0.850)

ABC Trials

PlanB + Success-C

DBCG 07-READ

Trial name

HORG

2017

2017

2017

Year

2016

1.05 (0.90, 1.22)

1.08 (0.82, 1.41)

0.99 (0.78, 1.24)

1.15 (0.83, 1.59)

HR (95% CI)

0.86 (0.37, 2.04)

1.05 (0.90, 1.22)

1.08 (0.82, 1.41)

0.99 (0.78, 1.24)

1.15 (0.83, 1.59)

0.86 (0.37, 2.04)

Favors TC  Favors A + T 
1.37 1 2.7

A

B
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out of 4548 patients [3.7%]; OR 1.05, 95% CI 0.84–1.30; 
p = 0.682; Fig. 6 and Supplementary material Fig. 1C), with 
no significant heterogeneity (I2 = 0, pheterogeneity = 0.798).

Febrile neutropenia

There was no significant difference in febrile neutropenia 
between TC (274 out of 4597 patients [5.9%]) and A+T (264 
out of 4548 patients [5.8%]; OR 1.02; 95% CI 0.62–1.66; 
p = 0.947; Fig. 6 and Supplementary material Fig. 1D). 
A significant heterogeneity between studies was observed 
(I2 = 81.3%, pheterogeneity = 0.001); this appeared to be mainly 
driven by the DBCG 07-READ study. After excluding 
this study, a higher risk of febrile neutropenia for TC was 

observed (OR 0.78; 95% CI 0.63–0.96; p = 0.019) with no 
significant heterogeneity (I2 = 0, pheterogeneity = 0.682; Sup-
plementary material Table 4D).

Neutropenia

Neutropenia was reported in 3 RCTs [8, 9, 17]. There 
was no significant difference in grade ≥ 3 neutropenia 
between TC (1041 out of 3591 patients [28.9%]) and A+T 
(1044 out of 3554 patients [29.3%]; OR 0.72, 95% CI 
0.38–1.36; p = 0.300; Fig. 6 and Supplementary material 
Fig. 1E). A significant heterogeneity between studies was 
observed (I2 = 96.3%, pheterogeneity < 0.001) but there was 

Fig. 3   Forest plots and the 
pooled hazard ratios with the 
respective p values for disease-
free survival in hormone recep-
tor-positive (a) and negative 
(b) patients. Abbreviations: 
HR, hazard ratio; CI, confi-
dence intervals; TC, docetaxel 
and cyclophosphamide; A+T, 
anthracycline and taxane-based 
chemotherapy

Random effect: p=0.653

Random effect (I-squared = 0.0%, p = 0.664)

HORG

DBCG 07-READ

ABC Trials

Trial name

2016

2017

2017

Year

1.05 (0.86, 1.27)

0.85 (0.48, 1.54)

1.00 (0.72, 1.40)

1.12 (0.86, 1.45)

HR (95% CI)

1.05 (0.86, 1.27)

0.85 (0.48, 1.54)

1.00 (0.72, 1.40)

1.12 (0.86, 1.45)

Favors TC  Favors A + T 
1.48 1 2.08

Random effect: p=0.237

Random effect (I-squared = 9.0%, p = 0.348)

PlanB + Success-C

DBCG 07-READ

ABC Trials

Trial name

HORG

2017

2017

2017

Year

2016

1.12 (0.93, 1.34)

1.01 (0.77, 1.32)

1.01 (0.71, 1.44)

1.42 (1.04, 1.94)

HR (95% CI)

0.94 (0.42, 2.13)

1.12 (0.93, 1.34)

1.01 (0.77, 1.32)

1.01 (0.71, 1.44)

1.42 (1.04, 1.94)

0.94 (0.42, 2.13)

Favors TC  Favors A + T 
1.42 1 2.38

A

B
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no evidence that this was independently driven by a single 
trial (Supplementary material Table 4E).

Anemia

Anemia was reported in 2 RCTs [8, 9]. There was no sig-
nificant difference in grade ≥ 3 anemia between TC (23 
out of 2413 patients [0.9%]) and A+T (32 out of 2387 
patients [1.3%]; OR 1.42; 95% CI 0.83–2.43; p = 0.202; 
Fig. 6 and Supplementary material Fig. 1F), with no sig-
nificant heterogeneity (I2 = 0%, pheterogeneity = 0.365).

Thrombocytopenia

Thrombocytopenia was reported in 2 RCTs [8, 9]. 
Grade ≥ 3 thrombocytopenia was significantly less fre-
quent with TC (10 out of 2413 patients [0.4%]) in compar-
ison to A+T (48 out of 2387 patients [2%]; OR 4.73; 95% 
CI 2.41–9.28; p < 0.001; Fig. 6 and Supplementary mate-
rial Fig. 1G), with no significant heterogeneity (I2 = 0%, 
pheterogeneity = 0.429).

Fig. 4   Forest plots and the 
pooled hazard ratios with the 
respective p values for disease-
free survival in N1 (a) and N2 
(b) patients. Abbreviations: 
HR, hazard ratio; CI, confi-
dence intervals; TC, docetaxel 
and cyclophosphamide; A+T, 
anthracycline and taxane-based 
chemotherapy

Random effect: p=0.823 

Random effect (I-squared = 49.7%, p = 0.159)

ABC Trials

Trial name

HORG

2017

Year

2016

1.06 (0.65, 1.73)

1.27 (0.92, 1.76)

HR (95% CI)

0.75 (0.39, 1.45)

1.06 (0.65, 1.73)

1.27 (0.92, 1.76)

0.75 (0.39, 1.45)

Favors TC  Favors A + T 
1.39 1 2.56

Random effect: p=0.300 

Random effect (I-squared = 0.0%, p = 0.400)

ABC Trials

Trial name

HORG

2017

Year

2016

1.25 (0.82, 1.90)

1.38 (0.85, 2.22)

HR (95% CI)

0.90 (0.38, 2.17)

1.25 (0.82, 1.90)

1.38 (0.85, 2.22)

0.90 (0.38, 2.17)

Favors TC  Favors A + T 
1.38 1 2.63

A

B
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Heart failure

There was no significant difference in grade ≥ 3 heart failure 
between TC (9 out of 4597 patients [0.2%]) and A+T (15 
out of 4548 patients [0.3%]; OR 1.36; 95% CI 0.58–3.15; 
p = 0.477; Fig. 6 and Supplementary material Fig. 1H), with 
no significant heterogeneity (I2 = 0%, pheterogeneity = 0.489).

Sensory neuropathy

Grade ≥ 3 sensory neuropathy was significantly less fre-
quent with TC (121 out of 4597 patients [2.6%]) in com-
parison to A+T (197 out of 4548 patients [4.3%]; OR 

1.71; 95% CI 1.33–2.19; p < 0.001; Fig. 6 and Supplemen-
tary material Fig. 1I), with no significant heterogeneity 
(I2 = 4.1%, pheterogeneity = 0.372).

Treatment‑related deaths

There was no significant difference between TC (7 out of 
4597 patients [0.1%]) and A+T (10 out of 4548 patients 
[0.2%]; OR 1.12; 95% CI 0.20–6.43; p = 0.899), with no 
significant heterogeneity (I2 = 45.3%, pheterogeneity = 0.140; 
Supplementary material Fig. 1J).

Fig. 5   Forest plots and the 
pooled hazard ratios with the 
respective p values for disease-
free survival in premenopausal 
(a) and postmenopausal women 
(b). Abbreviations: HR, hazard 
ratio; CI, confidence intervals; 
TC, docetaxel and cyclophos-
phamide; A+T, anthracycline 
and taxane-based chemotherapy
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Treatment interruption due to toxicities

The frequency of treatment interruption due to toxicities 
was reported in 3 RCTs. There was no significant differ-
ence between TC (194 out of 2508 patients [7.7%]) and 
A+T (177 out of 2487 patients [7.1%]; OR 0.84; 95% CI 
0.40–1.79; p = 0.659). A significant heterogeneity between 
studies was observed (I2 = 89.2%, pheterogeneity < 0.001; Sup-
plementary material Fig. 1K); this appeared to be mainly 
driven by the PlanB study. After excluding this study, more 
treatment interruptions due to toxicities were observed for 
TC than A+T (OR 0.63; 95% CI 0.43–0.92; p = 0.015) with 
no significant heterogeneity (I2 = 21.8%, pheterogeneity = 0.258; 
Supplementary material Table 4I).

Discussion

This meta-analysis reports updated evidence on the feasibil-
ity of chemotherapy de-escalation by using 6 cycles of the 
TC regimen instead of sequential A+T as adjuvant treatment 
of HER2-negative breast cancer patients. By pooling the 
results from 7 RCTs including a total of 12,741 patients, nei-
ther DFS nor OS difference was observed between TC and 
A+T in the overall population. Emesis/vomiting, mucositis, 
thrombocytopenia and sensory neuropathy were more fre-
quent with A+T.

For interpreting these results, it should be highlighted 
that most of the included RCTs were designed to evalu-
ate the non-inferiority of TC as compared to A+T, with 
different non-inferiority margins defined in each study 
[8–11]. Hypothetically, using as a reference the most con-
servative non-inferiority margin applied in the ABC trials 

(HR > 1.18, corresponding to an absolute maximum dif-
ference of 2% in 5-year DFS) [8], the upper limit of the 
HR for DFS of the present meta-analysis (HR 1.08, 95% 
CI 0.96–1.20) would exceed the non-inferiority margin to 
consider TC non-inferior to A+T.

When considering the benefit from adjuvant treat-
ments, an adequate estimation of recurrence risk based 
on a combination of clinical and biological features is 
crucial. Specifically, hormone receptor status is amongst 
the most important predictive and prognostic factors [18]. 
Although the relative risk reduction provided by taxanes 
added to an anthracycline-based regimen is similar in both 
subgroups, the absolute risk reduction is less pronounced 
in patients with hormone receptor-positive (1%) than in 
those with hormone receptor-negative (2.6%) disease con-
sidering their different recurrence risk [19]. Given the 
modest absolute gain obtained from chemotherapy and 
the pronounced benefit of endocrine therapy, patients 
with lower-risk hormone receptor-positive breast can-
cer but candidates to systemic cytotoxic therapy may be 
those who could potentially benefit the most from chemo-
therapy de-escalation strategies [19, 20]. Our subgroup 
analysis demonstrated no clear superiority of A+T versus 
TC in patients with hormone receptor-positive disease, 
supporting the hypothesis that TC may be an adequate 
alternative for this subgroup, although the wide range 
of the HR precludes definitive conclusions. Considering 
that hormone receptor-positive disease comprises a het-
erogeneous group of tumors, the advent of genomic tests 
can help in identifying the subgroup of patients who may 
really benefit from de-escalation strategies [21–23]. Nota-
bly, a trend favoring A+T was observed in patients with 
hormone receptor-negative disease.

Fig. 6   Forest plot of the safety 
analyses, with the OR for the 
evaluated toxicities. Abbrevia-
tions: OR, odds ratio; CI, confi-
dence intervals; TC, docetaxel 
and cyclophosphamide; A+T, 
anthracycline and taxane-based 
chemotherapy
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Chemotherapy-induced amenorrhea is a frequent adverse 
event in premenopausal women [24, 25]. In patients with 
hormone receptor-positive disease, the hormonal deprivation 
induced by chemotherapy can contribute to its anti-tumoral 
effects [24–28]. Although there was no significant difference 
between TC and A+T, we observed a trend favoring TC in 
the premenopausal subgroup. Notably, the RCTs included in 
this analysis used 6 cycles of cyclophosphamide (a highly 
gonadotoxic agent) for TC as compared with 3 to 4 for A+T. 
Although no information is reported on the type of adjuvant 
endocrine therapy used in the RCTs, tamoxifen alone was 
considered standard of care at that time. More recently, the 
benefit of a more potent hormonal suppression in higher-
risk premenopausal patients  has been demonstrated [29]. 
Therefore, although this information was not available in 
the RCTs, it can be speculated that the higher cumulative 
dose of cyclophosphamide with TC may have resulted in 
higher incidence of chemotherapy-induced amenorrhea and 
subsequent ovarian suppression in premenopausal patients, 
which may justify the observed trend favoring TC in this 
subgroup [26].

Lymph node status is also an important prognostic factor 
in breast cancer [30]. We observed a trend favoring A+T 
in the N2 subgroup, suggesting that patients with higher 
recurrence risk may benefit the most from a more intense 
chemotherapy regimen. However, the limited sample size 
and the absence of statistical significance preclude defini-
tive conclusions.

From a safety perspective, we observed that emesis/vom-
iting, mucositis, thrombocytopenia, and sensory neuropathy 
were more frequent with A+T than TC. However, no differ-
ences in the rates of treatment interruptions or treatment-
related deaths were observed between the two regimens. 
In addition, there was no difference in heart failure rate, 
although a longer follow-up is needed to obtain a more pre-
cise estimation of this event. Despite TC is considered a 
high-risk regimen for febrile neutropenia [31–34], no dif-
ference in the frequency of this adverse event was observed 
between the two chemotherapy regimens. Nevertheless, after 
excluding the DBCG 07-READ (the only RCT with manda-
tory prophylactic G-CSF in the TC arm), TC was associated 
with higher rates of febrile neutropenia than A+T. These 
results further reinforce the current recommendations to use 
prophylactic G-CSF when the TC regimen is used [31, 32].

Some limitations to be considered in the interpretation 
of our meta-analysis include the difficulty to perform non-
inferiority assumptions. In addition, data were retrieved 
from published articles or proceedings of major conferences; 
individual-patient level data were not available. The missing 
data in some of the studies limited the sample size for the 
subgroup analyses. No safety data from the pooled analysis 
of the PlanB + SucessC trials were available, and the evalu-
ation of long-term toxicities was not possible considering 

the relatively short follow-up of these RCTs. The lack of 
long-term follow-up and the subsequent limited number 
of events may also limit the interpretation of OS results. 
Nevertheless, despite the aforementioned limitations, this 
meta-analysis included only phase III RCTs, being the first 
to report updated data on the pros and cons about the con-
troversial topic of adjuvant chemotherapy de-escalation in 
HER2-negative breast cancer.

In conclusion, our meta-analysis showed that sequential 
A+T was associated with an increased risk of toxicities 
and no survival benefit when compared to 6 cycles of TC 
as adjuvant chemotherapy in patients with HER2-negative 
early breast cancer. Patients with higher-risk features (e.g., 
those with hormone receptor-negative disease or N2 status) 
may represent the subgroups that benefit the most from more 
intensive chemotherapy regimens (A+T), whilst TC may 
be an efficacious and less toxic alternative for lower-risk 
patients.
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