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Anthracycline-containing and taxane-containing chemotherapy 
for early-stage operable breast cancer: a patient-level meta-
analysis of 100 000 women from 86 randomised trials

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)*

Summary

Background—Anthracycline–taxane chemotherapy for early-stage breast cancer substantially 

improves survival compared with no chemotherapy. However, concerns about short-term and 

long-term side-effects of anthracyclines have led to increased use of taxane chemotherapy without 

anthracycline, which could compromise efficacy. We aimed to better characterise the benefits and 

risks of including anthracycline, and the comparative benefits of different anthracycline–taxane 

regimens.

Methods—We did an individual patient-level meta-analysis of randomised trials comparing 

taxane regimens with versus without anthracycline, and updated our previous meta-analysis of 

anthracycline regimens with versus without taxane, as well as analysing 44 trials in six related 

comparisons. We searched databases, including MEDLINE, Embase, the Cochrane Library, and 

meeting abstracts to identify trials assessing anthracycline and taxane chemotherapy. Adjuvant or 

neoadjuvant trials were eligible if they began before Jan 1, 2012. Primary outcomes were breast 

cancer recurrence and cause-specific mortality. Log-rank analyses yielded first-event rate ratios 

(RRs) and CIs.

Findings—28 trials of taxane regimens with or without anthracycline were identified, of which 

23 were deemed eligible, and 15 provided data on 18 103 women. Across all 15 trials that 

provided individual data, recurrence rates were 14% lower on average (RR 0·86, 95% CI 0·79–

0·93; p=0·0004) with taxane regimens including anthracycline than those without. Non-breast 

cancer deaths were not increased but there was one additional acute myeloid leukaemia case per 

700 women treated. The clearest reductions in recurrence were found when anthracycline was 

added concurrently to docetaxel plus cyclophosphamide versus the same dose of docetaxel plus 

cyclophosphamide (10-year recurrence risk 12·3% vs 21·0%; risk difference 8·7%, 95% CI 4·5–

12·9; RR 0·58, 0·47–0·73; p<0·0001). 10-year breast cancer mortality in this group was reduced 

by 4·2% (0·4–8·1; p=0·0034). No significant reduction in recurrence risk was found for sequential 

schedules of taxane plus anthracycline when compared with docetaxel plus cyclophosphamide 

(RR 0·94, 0·83–1·06; p=0·30). For the analysis of anthracycline regimens with versus without 

taxane, 35 trials (n=52 976) provided individual patient data. Larger recurrence reductions were 

seen from adding taxane to anthracycline regimens when the cumulative dose of anthracycline was 

the same in each group (RR 0·87, 0·82–0·93; p<0·0001; n=11 167) than in trials with two-fold 

higher cumulative doses of non-taxane (mostly anthracycline) in the control group than in the 

taxane group (RR 0·96, 0·90–1·03; p=0·27; n=14 620). Direct comparisons between anthracycline 

and taxane regimens showed that a higher cumulative dose and more dose-intense schedules were 

more efficacious. The proportional reductions in recurrence for taxane plus anthracycline were 
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similar in oestrogen receptor-positive and oestrogen receptor-negative disease, and did not differ 

by age, nodal status, or tumour size or grade.

Interpretation—Anthracycline plus taxane regimens are most efficacious at reducing breast 

cancer recurrence and death. Regimens with higher cumulative doses of anthracycline plus taxane 

provide the greatest benefits, challenging the current trend in clinical practice and guidelines 

towards non-anthracycline chemotherapy, particularly shorter regimens, such as four cycles of 

docetaxel–cyclophosphamide. By bringing together data from almost all relevant trials, this 

meta-analysis provides a reliable evidence base to inform individual treatment decisions, clinical 

guidelines, and the design of future clinical trials.

Funding—Cancer Research UK, UK Medical Research Council.

Introduction

Cytotoxic chemotherapy for early-stage, operable breast cancer substantially reduces 

the risk of recurrence and death. Meta-analyses by the Early Breast Cancer Trialists’ 

Collaborative Group (EBCTCG) have shown 20–25% proportional reductions in breast 

cancer mortality with cyclophosphamide plus methotrexate plus fluorouracil, or with four 

cycles of anthracycline plus cyclophosphamide, compared with no chemotherapy.1,2 Adding 

taxane (docetaxel or paclitaxel) to anthracycline-containing chemotherapy, or substantially 

increasing the cumulative dose of anthracycline, reduces breast cancer mortality by a 

further 10–15%.3 An additional benefit can be achieved by increasing the dose intensity 

of chemotherapy.4 The results from these meta-analyses indicate that, compared with no 

chemotherapy, anthracycline plus taxane chemotherapy can reduce breast cancer mortality 

rates by about 40% during the first decade after diagnosis, with similar proportional 

reductions irrespective of patient age or tumour characteristics, including size, grade, nodal 

involvement, hormone receptor status, and expression of HER2.

However, the optimal use of chemotherapy is uncertain. Anthracyclines increase the long-

term risk of cardiovascular disease and acute myeloid leukaemia,5–7 and dose-dependent 

peripheral neuropathy is problematic with taxanes.8 Hence, particularly for women with 

low-risk tumours treated with optimal surgery or radiotherapy (and endocrine or anti-HER2 

therapy when appropriate), the benefits of anthracycline plus taxane chemotherapy might be 

insufficient to outweigh the risks compared with less intensive or no chemotherapy. This 

patient-level meta-analysis aimed to better characterise the benefits and risks of different 

taxane and anthracycline chemotherapy regimens for early-stage breast cancer.

Methods

Search strategy and selection criteria

Methods of identifying trials, data collection, checking, analysis, and presentation for 

this patient-level meta-analysis are as described in previous EBCTCG reports,2,3,9,10 and 

conform to PRISMA guidelines (individual patient data).11

Briefly, we searched databases, including MEDLINE, Embase, the Cochrane Library, 

and meeting abstracts, to identify trials in any language assessing anthracycline and 
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taxane chemotherapy (appendix pp 92–94). Randomised trials of adjuvant or neoadjuvant 

chemotherapy were eligible if they had mature follow-up data (ie, began before Jan 1, 

2012). The last search was done in September, 2022. We focused on trials comparing 

taxane-based regimens with versus without anthracycline, which had not previously been 

subject to EBCTCG meta-analysis. We also updated the EBCTCG meta-analysis of 

anthracycline-based chemotherapy with versus without taxane.3 Further meta-analyses 

compared anthracycline versus taxane chemotherapy, paclitaxel versus docetaxel (trials of 

nab-paclitaxel were not included as most started after 2012), taxane-dose fractionation 

(eg, giving drugs once-weekly at approximately a third of the dose used in a 3-weekly 

regimen), the sequence of administration of taxanes and anthracyclines, longer versus 

shorter anthracycline regimens, and higher-dose versus lower-dose anthracycline-based 

chemotherapy. The EBCTCG secretariat did the searches; the eligibility of each study 

for a particular meta-analysis was initially determined by RB, RG, RKH, and JBr, and 

finalised through presentation and discussion of the findings with the writing committee, 

the EBCTCG steering committee, and the broader membership of the EBCTCG. There 

was no data extraction; instead, individual patient data were provided. Individual patient 

data were sought from trial groups during 2018–21 and included randomisation date, 

allocated treatment, age, menopausal status, BMI, tumour diameter, grade, histology, spread 

to locoregional lymph nodes, oestrogen receptor (ER) status, progesterone receptor status, 

HER2 status, cell proliferation (Ki-67), dates and sites of any breast cancer recurrence 

or other second primary cancer, and the date and underlying cause of any death. The 

trials in these meta-analyses were mostly conducted before genomic profiles were routinely 

available; therefore, no data were available to collect from trialists. The statistical analysis 

plan is provided in the appendix (pp 61–91).

Data analysis

The primary outcomes were recurrence of invasive breast cancer (distant, locoregional, or 

new primary in the contralateral breast), breast cancer mortality, death without recurrence, 

and all-cause mortality. Prespecified primary subgroup investigations were by follow-up 

period (years 0–1, 2–4, 5–9, ≥10), site of recurrence, age, BMI, ER and progesterone 

receptor status, nodal status, tumour diameter, tumour grade, tumour histology (ductal, 

lobular), HER2 status, and cell proliferation index (Ki-67 <10%, 10% to <20%, 20% to 

<50%, ≥50%).

Statistical methods (stratified log-rank analyses and Kaplan-Meier graphs) are as described 

in previous EBCTCG reports,2,3,9,10 and in the statistical analysis plan (appendix pp 61–91). 

Time-to-event analyses were stratified by age, ER status, nodal status (unless neoadjuvant 

chemotherapy was administered), year of follow-up, and trial. Analyses included all women, 

regardless of treatment compliance (intention-to-treat analyses). Log-rank analyses were 

used to estimate the first-event rate ratio (RR); 95% CIs were used for meta-analyses, and 

99% CIs for individual trials or subgroups. Breast cancer mortality RRs were estimated 

by subtracting log-rank analyses of mortality without recurrence from those of overall 

mortality, avoiding the need to determine which deaths after recurrence were from breast 

cancer.2 For each comparison, forest plots and Kaplan-Meier graphs describe the separate 

trials and their results, and subgroup analyses used χ2 tests for heterogeneity or trend to 

Page 4

Lancet. Author manuscript; available in PMC 2024 April 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



explore whether proportional reductions varied by trial, or by patient or tumour-related 

characteristics. Statistical analyses used in-house Fortran programs.

Role of the funding source

The funders of the study had no role in the study design, data collection, data analysis, data 

interpretation, or writing of the report.

Results

28 trials of taxane regimens with anthracycline versus without anthracycline were identified, 

of which five were deemed ineligible (appendix p 3). Patient-level data were provided for 

15 of the 23 eligible trials, including 18 103 (93·2%) of 19 434 women receiving taxane 

regimens with anthracycline or without anthracycline (appendix pp 4–5). In trials providing 

data, the median participant age was 53 years (IQR 46–60), and of 18 103 women, 9731 

(53%) had cancers with lymph node involvement, 12 244 (67%) had ER-positive tumours, 

and 2577 (14%) had HER2-positive tumours. Almost all women with HER2-positive disease 

were scheduled to receive trastuzumab as allocated treatment,12,13 or as the local standard of 

care.14–16 Median follow-up was 5·4 years (IQR 4·5–6·9).

The non-anthracycline comparator in 11 of the 15 eligible trials for which patient data were 

provided (13 855 [76·5%] of 18 103 women; appendix pp 61–91) was docetaxel 75 mg/m2 

plus cyclophosphamide 600 mg/m2, administered once every 3 weeks for six cycles. Three 

of these 11 trials (n=2469) assessed administration of anthracycline given concurrently with 

docetaxel and cyclophosphamide; the only difference between the treatment groups was the 

addition of anthracycline (generally doxorubicin, cumulative dose 300 mg/m2) in each of 

the six cycles. The other eight (n=11 386) administered anthracycline and taxane cycles 

sequentially, mostly every 3 weeks for six or eight complete cycles. These regimens allowed 

a higher taxane dose to be administered per cycle. However, because only half of the cycles 

included taxane, the cumulative taxane dose was lower with sequential anthracycline plus 

taxane than with six cycles of docetaxel plus cyclophosphamide (cumulative docetaxel dose 

was typically 300 mg/m2 vs 450 mg/m2). For the same reason, the cumulative dose of 

anthracycline was also a third lower with sequential treatment than concurrent treatment, 

with most trials of sequential anthracycline plus taxane administering a cumulative dose 

of 300 mg/m2 epirubicin, which is considered biologically equivalent to 200 mg/m2 

doxorubicin.17 The National Surgical Adjuvant Breast and Bowel Project B-4918 permitted 

investigators a choice of anthracycline-containing schedules, including doxorubicin plus 

docetaxel and cyclophosphamide, but was included in the sequential group because only 

112 (12%) of 932 participants received six cycles of anthracycline plus docetaxel plus 

cyclophosphamide.

Two eligible trials15,19 (n=1452) compared sequential anthracycline plus taxane with taxane-

based schedules other than six cycles of docetaxel plus cyclophosphamide, either single-

agent docetaxel or paclitaxel, or docetaxel plus capecitabine. Another two eligible trials12,20 

compared sequential anthracycline plus taxane with concurrent taxane plus carboplatin 

in specific tumour subtypes: HER2-positive tumours in the BCIRG-006 trial (n=2149)12 

and triple-negative tumours in the PATTERN trial (n=647).20 Again, with sequential 
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administration, cumulative taxane doses were lower with anthracycline plus taxane than 

with the non-anthracycline comparator, and cumulative anthracycline doses were lower than 

with concurrent anthracycline plus taxane (doses for each trial are provided in figure 1). The 

eight small trials that have not provided data (appendix pp 64–67), including 1331 (6·8%) 

of all 19 434 women randomly assigned, compared taxane plus anthracycline with taxane 

regimens other than six cycles of docetaxel plus cyclophosphamide, four as a neoadjuvant 

treatment.

Results for recurrence of any first invasive breast cancer are shown in figure 1. For each 

trial contributing to this meta-analysis, the information included the year recruitment started, 

trial name, chemotherapy schedules, cumulative doses of taxane and anthracycline, log-rank 

statistics, and the ratio of annual event rates. Similar plots for distant, locoregional, and 

contralateral recurrence, breast cancer mortality, death without recurrence (in year 0 and 

overall), and all-cause mortality are shown in the appendix (pp 7–13). Kaplan Meier plots 

of pooled analyses for invasive recurrence, breast cancer mortality, death without recurrence, 

and any death are shown in figure 2. Across all eligible trials that provided data, patients 

assigned to anthracycline plus taxane had a 14% lower rate of breast cancer recurrence than 

did patients assigned to taxane without anthracycline; the 10-year absolute risk reduction 

was 2·6% ([95% CI 0·9–4·2] 16·4% vs 18·9%). The annual rate of breast cancer death 

was reduced by 12%. The 10-year absolute risk reduction was 1·6% ([0·1–3·1] 10·4% 

anthracycline plus taxane vs 12·0% taxane) with no increase in deaths without recurrence. 

All-cause mortality was also reduced but not significantly.

There was heterogeneity (p=0·0009) in recurrence reductions between the four sets of trial 

comparisons, with the additional benefit of anthracycline most clearly seen in three trials 

comparing anthracycline plus docetaxel plus cyclophosphamide versus the same dose of 

docetaxel plus cyclophosphamide, both administered every 3 weeks for six cycles. With the 

addition of concurrent anthracycline, the 10-year recurrence risk was substantially reduced 

(8·7%, 95% CI 4·5–12·9) as was 10-year breast cancer mortality (4·2%, 0·4–8·1; figure 3A, 

B).

In eight trials comparing regimens of sequential anthracycline plus taxane versus six cycles 

of the same dose docetaxel and cyclophosphamide,13,14,18,21–24 there was no significant 

difference in recurrence risk (figure 3C) or breast cancer mortality (figure 3D). Similarly, 

less benefit from anthracycline was seen in trials that compared sequential anthracycline–

taxane chemotherapy with single-agent taxane or docetaxel–capecitabine-based schedules 

(figure 1C). No overall difference was apparent in trials comparing taxane plus anthracycline 

with taxane plus carboplatin (figure 1D); a modest reduction in recurrence in the BCIRG-06 

trial was negated by an increase in recurrence with anthracycline in the PATTERN trial.20 

This difference might be explained by the two-fold higher cumulative taxane dose and the 

inclusion of carboplatin in the non-anthracycline group.

The subgroup analyses for first invasive recurrence from the three trials that administered 

concurrent anthracycline with docetaxel and cyclophosphamide, which showed the clearest 

benefit of all treatment comparisons, are presented in figure 4. Similar subgroup analyses 

of distant recurrence and breast cancer mortality, and subgroup analyses for pooled data 
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from all comparisons in figure 1, are shown in the appendix (pp 14–18). Most recurrences 

were distant metastases, which occurred at a lower rate in patients allocated to concurrent 

anthracycline with docetaxel and cyclophosphamide. Isolated locoregional recurrence was 

similarly reduced; there were too few new contralateral primary cancers for meaningful 

comparison (figure 4). The proportional reduction in recurrence persisted in years 0–1, 2–4, 

and 5–9 with little data beyond year 10. Rate reductions did not differ substantially by 

patient age (but few patients older than 65 years were included) or by pathological risk 

characteristics, such as tumour size, grade, and histological subtype, and nodal status. There 

was no significant difference (p=0·25) in recurrence rate reductions between ER-negative 

and ER-positive cancers. However, patients with ER-negative cancer had a higher risk of 

early recurrence than patients with ER-positive tumours (figure 5A, B). Figures 5C and 5D 

show similar proportional reductions in risk of recurrence by nodal status, with significant 

benefit in node-negative and node-positive cancer. As a higher proportion of node-negative 

tumours than node-positive tumours were ER-negative (541 [61%] of 885 vs 295 [19%] 

of 1584), 10-year recurrence rates and absolute benefits were similar. Too few patients 

had HER2-positive cancers for meaningful comparison of anthracycline efficacy in trials 

of anthracycline plus docetaxel plus cyclophosphamide versus the same dose of docetaxel 

plus cyclophosphamide. Just five14,16,21,22,25 of the 15 eligible trials with individual data 

collected included HER2-negative and HER2-positive tumours, thus allowing within-trial 

subgroup comparisons of efficacy by HER2 status. In these trials (n=267), there was no 

indication of differential efficacy by HER2 status (appendix pp 16–18). There was also no 

indication of differential efficacy by HER2 status in indirect comparisons between trials 

restricted to HER2-negative18,20 or HER2-positive tumours,12,13 although such comparisons 

are potentially misleading because of differences in chemotherapy regimens between trials 

(appendix pp 16–18). Information was insufficient for subgroup analysis of Ki-67 or 

TOP2A, or by genomic profiles.

For the combined analysis of all trials, there was no significant difference between treatment 

groups for death without recurrence (figure 2C), including from cardiovascular disease or 

other primary cancers. Deaths from non-breast cancer causes were only weakly related to 

tumour size or nodal status, suggesting few mortalities were misclassified as breast cancer 

deaths (appendix p 23). The overall incidence of new, non-breast primary cancers was also 

similar with and without anthracycline, although the incidence of acute myeloid leukaemia 

was increased with anthracycline. In trials with data, 12 (0·18%) of 6768 patients had 

acute myeloid leukaemia after anthracycline administration versus two (0·03%) of 6783 

who did not receive anthracycline (p=0·013; appendix pp 21–22), equating to about one 

additional case of acute myeloid leukaemia per 700 women treated. Patient-level data on 

non-fatal toxicity were available for just two trials; these and selected toxicity data from 

trial publications are described in the appendix (pp 55–57). Few non-fatal cardiac events 

were reported, but in trials that included systematic investigations for asymptomatic disease 

more cardiac abnormalities were detected among women treated with anthracyclines than in 

those who did not have anthracyclines. In two trials (USOR 06–090 and NSABP B-46-I)18 

of docetaxel plus cyclophosphamide with or without concurrent anthracycline reporting 

treatment toxicity, adverse events of grade 3 or worse were similar with and without 

anthracycline (580 [50·1%] of 1148 participants vs 581 [49·7%] of 1170 participants for 
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any toxicity, 289 [25·2%] vs 320 [27·4%] for neutropenia, and 84 [7·3%] vs 77 [6·6%] 

for neutropenic sepsis; granulocyte colony stimulating factor prophylaxis was mandated in 

the anthracycline group only). Fatigue was more frequent with anthracycline than without 

anthracycline (80 [7·0%] vs 42 [3·6%]) and neuropathy of grade 2 or worse was less 

frequent (71 [6·2%] vs 87 [7·4%]).

In an updated separate EBCTCG meta-analysis of trials, we assessed anthracycline-based 

regimens with versus without taxane (figure 6; appendix pp 24–25, 32–34).3 We identified 

44 eligible trials, of which 35 provided patient-level data including 52 976 women. Nine 

trials did not have data. In trials assessing four cycles of taxane (paclitaxel or docetaxel) 

following a standard anthracycline regimen (11 167 participants in five trials; figure 6A), 

recurrence proportionally reduced by 13% with the addition of a taxane, translating to an 

absolute reduction of 3·3% (95% CI 1·3–5·3) in 10-year risk. With longer follow-up than 

in the previous meta-analysis, persistent reductions in breast cancer mortality were apparent 

in years 5–9, and the absolute reduction in 10-year breast cancer mortality was 3·6% (1·8–

5·4; figure 6B). Less absolute benefit was seen for recurrence and breast cancer mortality 

when the cumulative dose of non-taxane in the comparator group was higher, but less than 

double that in the taxane group (figure 6C, D). When the cumulative dose of non-taxane 

chemotherapy was doubled in the control group (figure 6E, F), there was no significant 

difference in the rate of recurrence between groups.

In a separate meta-analysis of taxane regimens without anthracycline versus anthracycline 

regimens without taxane, we identified six eligible trials. Data were available from four 

of these six randomised trials (6019 [98·8%] of 6095 patients) comparing a taxane-based 

versus an anthracycline-based regimen (appendix pp 26, 35–37). The docetaxel trials 

compared regimens of treatment administered once every 3 weeks—either four cycles of 

docetaxel plus cyclophosphamide versus four cycles of doxorubicin plus cyclophosphamide 

or six cycles of docetaxel plus capecitabine versus six cycles of fluorouracil, epirubicin, 

and cyclophosphamide or fluorouracil, doxorubicin, and cyclophosphamide. A borderline 

significant reduction in recurrence favouring docetaxel was observed (RR 0·73, 95% CI 

0·55–0·96; p=0·025). By contrast, recurrence rates were higher with paclitaxel, administered 

once a week as a single agent, than with doxorubicin plus cyclophosphamide or epirubicin 

administered every 2 weeks or 3 weeks (RR 1·30, 1·09–1·56; p=0·0041). This difference 

between the proportional reductions in trials of docetaxel plus cyclophosphamide or 

docetaxel plus capecitabine versus anthracycline, compared with that in trials of single-agent 

paclitaxel versus anthracycline regimen, was highly significant (p=0·0005).

A meta-analysis of trials directly comparing docetaxel with paclitaxel was performed with 

data provided from four of six trials (7257 [97·2%] of 7467 randomly assigned patients). 

Forest plots with trials divided by frequency of docetaxel and paclitaxel administration are 

shown in the appendix (pp 27, 38–40). Administration once every 2 weeks or 3 weeks 

was dominated by two trials (ECOG EST119926 and N-SAS-BC 02, Japan19), which both 

administered four cycles of doxorubicin plus cyclophosphamide to each group followed 

by docetaxel 75–100 mg/m2 or paclitaxel 175 mg/m2 administered once every 3 weeks 

for four cycles. N-SAS-BC 02 included two additional groups that compared single-agent 

docetaxel versus paclitaxel administered once every 3 weeks for eight cycles. There was 
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a significant reduction in recurrence (RR 0·74, 95% CI 0·66–0·84; p<0·0001) and breast 

cancer mortality (0·80, 0·69–0·93; p=0·0037) favouring docetaxel. However, there was no 

significant difference between 9 cycles or 12 cycles of weekly docetaxel 35 mg/m2 versus 

paclitaxel 80 mg/m2 (1·13, 0·98–1·31, p=0·085). The difference in proportional reductions 

in trials with schedules of once every 2 weeks or 3 weeks compared with once-per-week 

schedules was highly significant (p<0·0001). Overall, irrespective of schedule, there were 

significantly fewer recurrences with docetaxel than paclitaxel (0·89, 0·81–0·97; p=0·011).

In a further meta-analysis of taxane dose fractionation, we identified ten eligible trials. Data 

obtained from eight of the ten trials (9516 [97·2%] of 9787 women) comparing more versus 

less frequent scheduling of about the same taxane dose (appendix pp 28, 41–43, 59–60) 

showed no overall difference in recurrence rates (RR 0·97, 95% CI 0·89–1·05; p=0·42). 

However, there were significantly fewer recurrences (0·86, 0·78–0·96; p=0·0064), but not 

breast cancer deaths (0·90, 0·79–1·02; p=0·10), with paclitaxel administered once a week 

compared with less frequent paclitaxel treatment. The greatest difference was seen in the 

ECOG EST119926 comparison of paclitaxel 80 mg/m2 administered once a week versus the 

less dose-intense 175 mg/m2 administered once every 3 weeks. In the SWOG S0221 trial27 

little difference was seen when the same paclitaxel 80 mg/m2 once a week was compared 

with paclitaxel 175 mg/m2 administered once every 2 weeks; the groups had similar dose 

intensities. Trials of docetaxel fractionation mostly administered treatment at about the same 

dose intensity, (ie, 35 mg/m2 once a week versus 100 mg/m2 once every 3 weeks), but found 

more recurrences with weekly dosing (1·22, 1·05–1·42; p=0·011). Toxicity, in particular 

neutropenia, was higher with 3-weekly than with once-weekly or twice-weekly docetaxel, or 

with paclitaxel (appendix pp 58–60).

Our analysis of trials comparing the order of administration of anthracycline and 

taxane chemotherapy identified 16 trials that compared the sequence of administration: 

anthracycline then taxane versus the same drug regimens in the opposite order. Data from 

ten of these trials (2046 [78·8%] of 2598 patients) are shown in the appendix (pp 29, 44–46). 

No significant difference in recurrence was seen between the anthracycline then taxane and 

taxane then anthracycline sequences (RR 1·09, 95% CI 0·91–1·30; p=0·34).

For our analysis of duration of anthracycline chemotherapy, data were available from 

seven of eight trials comparing longer versus shorter duration of anthracycline-based 

chemotherapy and one of three trials of longer versus shorter anthracycline plus taxane 

regimens (8239 [89·5%] of 9203 patients; appendix pp 30, 47–49, 53). Most trials compared 

six versus four cycles, with GeparTrio28 comparing eight versus six cycles of docetaxel plus 

doxorubicin plus cyclophosphamide administered once every 3 weeks. Across all trials there 

was a 13% average reduction in recurrence favouring longer duration treatment (RR 0·87, 

95% CI 0·78–0·96; p=0·0083).

A further meta-analysis assessed available data from 11 of 16 trials comparing higher versus 

lower doses of anthracycline chemotherapy (7988 [95·8%] of 8336 patients; appendix pp 31, 

50–52, 54). The average reduction in recurrence across all trials was 14% (RR 0·86, 95% CI 

0·80–0·92; p<0·0001). However, a significantly (p=0·023) greater benefit was seen in trials 

in which the difference in cumulative anthracycline dose exceeded 100 mg of doxorubicin 

Page 9

Lancet. Author manuscript; available in PMC 2024 April 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(or 150 mg epirubicin) than in trials with smaller differences in cumulative doses (0·77, 

0·63–0·93 vs 0·99, 0·89–1·11). The benefits were similarly large in trials that increased the 

cumulative doses of other drugs as well as anthracycline (0·74, 0·66–0·84; p<0·0001).

Discussion

A combination of anthracycline and taxane has, for more than a decade, been considered 

optimal chemotherapy for women with early-stage breast cancer who are deemed to be 

at high enough risk, and fit enough, to benefit from such treatment. However, concerns 

about the short-term and long-term toxicity of anthracyclines, and consequent desires to de-

escalate or optimise treatment, have increased the use of non-anthracycline chemotherapy. 

This treatment often comprises four or six cycles of docetaxel plus cyclophosphamide, 

an approach endorsed in editorials and current clinical guidelines (European Society for 

Medical Oncology, St Gallen International Consensus Guidelines).29–31

This meta-analysis of patient-level data from trials comparing taxane-based chemotherapy 

with and without anthracycline shows that, across all trials, recurrence rates were 14% 

lower on average with anthracycline. Recurrence reductions were seen in years 0–4 and 

5–9, leading to an absolute improvement of 2·6% in 10-year recurrence risk, and 1·6% 

in 10-year breast cancer mortality. Although meta-analyses should include all relevant 

randomised trials, variations in trial design and eligibility criteria can complicate analyses. 

Some trials added anthracycline concurrently with docetaxel plus cyclophosphamide, others 

compared sequential anthracycline and taxane administered every 3 weeks versus six cycles 

of docetaxel plus cyclophosphamide, or similar regimens, and some compared taxane with 

anthracycline versus taxane with carboplatin. By far the largest improvement of 8·7% (95% 

CI 4·5–12·9) in the 10-year absolute risk of recurrence was seen in the three concurrent 

administration trials, in which the only difference between the treatment groups was the 

addition of doxorubicin in each cycle of docetaxel plus cyclophosphamide. Although CIs 

do not exclude a benefit half this size, even at the lower confidence limit of 4·5%, the 

benefit is larger than the upper limit for benefit in the sequential administration trials. The 

substitution of anthracycline cycles for three of the docetaxel plus cyclophosphamide cycles, 

which resulted in cumulative doses of anthracycline and taxane that were a third lower in the 

sequential administration than in the concurrent administration trials, probably explains the 

reduced benefit. Other explanations, such as the use of epirubicin in place of doxorubicin, 

seem less plausible.3,17

The larger benefit observed with concurrent than with sequential anthracycline plus taxane 

appears discordant with a previous EBCTCG meta-analysis, which showed a greater 

proportional reduction in recurrence with sequential than concurrent treatment.4 Sequential 

administration allows drugs to be safely administered at a higher dose per cycle than 

when administered concurrently,32 but benefits also depend on the number of cycles and 

cumulative dose administered. For example, in the NSABP B-30 study,33 four cycles 

of anthracycline then four cycles of taxane were superior to four cycles of doxorubicin 

plus docetaxel plus cyclophosphamide, a lower cumulative dose regimen. However, in the 

BCIRG-005 trial,34 the same sequential anthracycline plus taxane regimen was no more 

efficacious than six cycles of doxorubicin plus docetaxel plus cyclophosphamide, a higher 
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cumulative dose comparator. This finding suggests that the cumulative dose is at least as 

important as the dose intensity.

Sequential taxane plus anthracycline can also be delivered once every 2 weeks, which has 

higher efficacy than administering the same chemotherapy once every 3 weeks,4 as did most 

trials in this meta-analysis. Such dose-dense regimens, with adequate cumulative doses, 

should be of similar efficacy to concurrent dosing once every 3 weeks. In the NSABP B-38 

study, sequential anthracycline plus paclitaxel administered once every 2 weeks for eight 

cycles showed similar efficacy to the marginally higher cumulative dose of doxorubicin plus 

docetaxel plus cyclophosphamide administered once every 3 weeks for six cycles.35

The importance of cumulative dose was also apparent in the updated meta-analysis of 

trials comparing anthracycline regimens with and without taxane. The largest proportional 

reductions in recurrence and breast cancer mortality were achieved when taxane cycles were 

added after anthracycline cycles, and the cumulative dose of anthracycline was the same 

in both groups. With longer follow-up, the updated results now show that reductions in 

breast cancer mortality persist in years 5–9, so the 10-year absolute benefit is larger than the 

previously reported 5-year benefit. The benefits seen with longer versus shorter treatment, 

and higher anthracycline dose per cycle, provide further evidence of the importance of the 

cumulative dose. No trials were identified that compared six versus four cycles of docetaxel 

plus cyclophosphamide, but these results indicate that the widely used four-cycle regimen 

might be less efficacious than six cycles of docetaxel plus cyclophosphamide used as a 

comparator in many trials in this meta-analysis.

Comparisons between the two different taxane agents were complicated by differences 

in doses, frequency of administration, and use of concomitant drugs. Across all direct 

randomised comparisons, fewer recurrences were seen with docetaxel than paclitaxel. 

Indirect comparisons between trials comparing docetaxel versus anthracycline and paclitaxel 

versus anthracycline regimens also favoured docetaxel. However, docetaxel was only 

superior to paclitaxel when administered once every 3 weeks, with fewer recurrences 

with paclitaxel administered once a week than docetaxel administered once a week. The 

paclitaxel administered weekly delivers a larger cumulative dose and higher dose intensity 

than every 3 weeks, which might partly explain why it appears more efficacious. By 

contrast, in the EST1199 trial, docetaxel administered once a week appeared to be less 

efficacious than administration every 3 weeks despite similar cumulative doses.26 However, 

four other trials comparing docetaxel administered once a week versus every 3 weeks 

provided no support, so this might have been a chance finding.

Consistent with many previous EBCTCG meta-analyses, subgroup comparisons showed 

similar proportional reductions irrespective of recorded patient and tumour characteristics, 

including age, hormone receptor status, tumour size, tumour grade, histological type, and 

nodal status. Women with ER-negative cancers are at greater risk of earlier recurrence than 

those with ER-positive disease and thus gain greater absolute benefits in years 0–4 despite 

the proportional reductions in recurrence being similar in ER-negative and ER-positive 

disease. Despite reports suggesting reduced benefits from chemotherapy in postmenopausal 

rather than premenopausal women with ER-positive cancers,36,37 there was no indication 
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of reduced benefit in women aged older than 55 years irrespective of ER status. We 

found no indication that proportional reductions in recurrence with anthracycline were 

any different in HER2-positive and HER2-negative disease, as previously suggested.38 

However, too few trials included HER2-negative and HER2-positive tumours for meaningful 

subgroup investigation of differential efficacy of anthracycline or taxane according to HER2 

amplification, and too few participants had data on Ki-67, TOP2A, or gene expression for 

subgroup analysis.

Benefits from more efficacious chemotherapy regimens need to outweigh any additional 

short-term and long-term side-effects. Long-term dose-dependent risks of acute myeloid 

leukaemia and heart failure with anthracyclines are well established.5–7 This meta-analysis 

suggests that treating 1000 women with anthracycline would cause one or two cases of 

acute myeloid leukaemia, which is fewer than previous reports suggest.7 This finding might 

be because doses of cyclophosphamide, which is also leukaemogenic, were generally the 

same or lower in the anthracycline group than the comparator group, whereas previous 

studies often report the incidence of acute myeloid leukaemia following anthracycline plus 

cyclophosphamide.7

Despite individual studies having reported increases in cardiac abnormalities with 

anthracyclines, no increase was apparent in cardiovascular death, or overall rates of death 

without recurrence in those who received an anthracycline. However, patients with elevated 

cardiovascular risk were often excluded, and the median follow-up for trials of taxane with 

or without anthracycline was only 5·4 years (IQR 4·5–6·9). Longer-term follow-up and 

more detailed investigation of subclinical changes in cardiac function are needed to fully 

evaluate cardiovascular risks. The available data on short-term toxicity, most extracted from 

trial reports, showed no consistent differences in grade 3 or worse toxic effects with and 

without anthracycline. Notably, despite a lower cumulative taxane dose, neuropathy was not 

reduced with sequential anthracycline plus taxane compared with six cycles of docetaxel 

plus cyclophosphamide.18 Quality-of-life data were not available from most trials and so this 

outcome could not be assessed.

Discussions of the potential benefits and risks of different chemotherapy regimens should 

be informed by the best available evidence, which this study and previous EBCTCG 

meta-analyses provide. This meta-analysis shows that larger benefits can be achieved by 

adding anthracycline to a taxane regimen than with a taxane regimen without anthracycline. 

Regimens with higher cumulative doses of anthracycline and taxane provide the greatest 

benefits, challenging the current trend in clinical practice and international guidelines 

towards non-anthracycline chemotherapy, particularly shorter regimens such as four cycles 

of docetaxel–cyclophosphamide. Absolute benefits for an individual patient, unlike harms,5–

8 increase with increasing risk of recurrence. Thus, the long-term risk of recurrence, 

considering any endocrine therapy or anti-HER2 drugs, is a key factor in determining the 

desirability and type of chemotherapy.
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Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

Regimens containing anthracycline and taxane are considered to be the most effective 

adjuvant chemotherapy for early-stage breast cancer, reducing the annual risk of 

death by at least a third compared with no chemotherapy. However, uncertainty 

persists about optimal regimens, with concerns that the absolute benefits for some 

patients might be insufficient to justify the short-term toxicity and longer-term risks 

of cardiovascular disease and leukaemia. Despite conflicting evidence from individual 

randomised trials, non-anthracycline-based schedules, such as four or six cycles of 

docetaxel and cyclophosphamide, are being increasingly used in clinical practice.

Added value of this study

This collaborative meta-analysis, including individual patient-level data from more 

than 100 000 women in 86 trials of anthracycline and taxane-based chemotherapy, by 

including all available evidence, provides more accurate and balanced estimates of the 

comparative benefits and risks of different chemotherapy regimens than do the individual 

trials. The large number of available trials makes this the first study to reliably show 

that anthracycline and taxane significantly reduces breast cancer recurrence and mortality 

compared with taxane regimens without anthracycline. This meta-analysis also shows 

the importance of increased cumulative doses and that the proportional reductions in 

recurrence were not significantly different in women older than 55 years, or those with 

hormone receptor-positive, or node-negative tumours, for whom there are more concerns 

about the added value of chemotherapy.

Implications of all the available evidence

This study confirms that for women with early-stage breast cancer, at sufficient risk 

of recurrence and fit enough to be offered chemotherapy, combination anthracycline 

and taxane chemotherapy provides larger benefit than either drug alone. The finding 

that regimens with higher cumulative doses of anthracycline and taxane provide the 

greatest benefits, which challenges the current trend in clinical practice towards non-

anthracycline chemotherapy, particularly shorter regimens, such as four cycles of 

docetaxel–cyclophosphamide. This and previous meta-analyses by the Early Breast 

Cancer Trialists’ Collaborative Group provide a reliable evidence base to inform 

individual treatment decisions, clinical guidelines, and the design of future clinical trials.
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Figure 1: Recurrence of breast cancer (first invasive local, distant, or new contralateral primary) 
in the 15 trials with patient-level data comparing taxane plus anthracycline versus taxane 
without anthracycline
24 trials in total. One trial (N-SAS-BC 02) is shown on two lines as it was a 2 X 2 trial. 

Eight trials did not provide data. Taxanes were D and P. Anthracyclines were A and E. Other 

agents were C, F, M, Trz, Vrb, Cap, Cpt, and Ptz. 99% CIs are provided for individual trial 

data; 95% CIs are provided for subtotal and total data. A=doxorubicin. AUC=area under 

the curve. C=cyclophosphamide. Cap=capecitabine. Cpt=carboplatin. D=docetaxel. d=day 

of cycle. E=epirubicin. F=fluorouracil. M=methotrexate. O–E=observed minus expected. 

P=paclitaxel. Ptz=pertuzumab. q1=weekly. q2=every 2 weeks. q3=every 3 weeks. q4=every 

4 weeks. Trz=trastuzumab. Vrb=vinorelbine. v.v=vice versa. yr=year. 2p=two-sided p value. 

*Any unstated doses are the same as for the non-anthracycline comparator. The regimens 

being compared in each study are described by the number of cycles, the drug abbreviation 

and dose in mg/m², and the frequency of the doses; a solidus (/) indicates or; a semicolon 
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indicates then (sequential treatment). †For balance, control patients in three-way trials or 

trial strata count half or twice in subtotal(s) and in the final total of events and patients. 

‡Pre-operative chemotherapy.
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Figure 2: 10-year cumulative risk of outcomes with taxane plus anthracycline versus taxane 
without anthracycline
All analyses included 18 103 participants (9076 in taxane plus anthracycline group, 9027 

in taxane only group). 10-year cumulative risk of any invasive recurrence (A), breast 

cancer mortality (B), death without recurrence (C)*, and any death (D)*. Error bars show 

95% CI. O–E=observed minus expected. RR=rate ratio. V=variance. 2p=two-sided p value. 

*Smoothed after 5 years (denoted by dotted line).
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Figure 3: 10-year cumulative risk of any recurrence and breast cancer mortality in patients on 
taxane-based regimens with anthracycline versus without anthracycline
Risk of recurrence (A) or breast cancer mortality (B) in 2469 patients on concurrent 

anthracycline plus docetaxel plus cyclophosphamide (n=1236) versus same cumulative dose 

docetaxel plus cyclophosphamide (n=1233), and risk of recurrence (C) or breast cancer 

mortality (D) in 11 386 patients on sequential anthracycline and taxane (n=5722) versus 

higher cumulative dose docetaxel plus cyclophosphamide (n=5664), smoothed after 5 years 

(denoted by dotted line). Error bars show 95% CI. O–E=observed minus expected. RR=rate 

ratio. V=variance. 2p=two-sided p value.
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Figure 4: Subgroup analyses of recurrence with concurrent anthracycline plus docetaxel plus 
cyclophosphamide versus same dose docetaxel plus cyclophosphamide
Subgroup analyses of first invasive recurrence of breast cancer. O–E=observed minus 

expected. ER=oestrogen receptor. NS=not significant. N0=node-negative. N+=node-

positive. PR=progesterone receptor. 2p=two-sided p value.*99% CIs are provided for 

individual subgroup data; 95% CI is provided for the total data.
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Figure 5: 10-year cumulative risk of recurrence with concurrent anthracycline plus docetaxel 
plus cyclophosphamide versus same dose docetaxel plus cyclophosphamide, by oestrogen 
receptor and nodal status
10-year risk of any recurrence in 836 patients on concurrent anthracycline plus docetaxel 

plus cyclophosphamide (n=417) versus same dose docetaxel plus cyclophosphamide 

(n=419) who were ER-negative (A) and 1633 patients (819 vs 814) who were ER-positive 

(B), both smoothed after 5 years (dotted line), and in 885 patients (432 vs 453) with 

node-negative cancer (C) and 1584 patients (804 vs 780) with node-positive cancer (D), 

both smoothed after 4 years (dotted line). Error bars show 95% CI. ER=oestrogen receptor. 

O–E=observed minus expected. RR=rate ratio. V=variance. 2p=two-sided p value.
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Figure 6: 10-year cumulative risk of any recurrence and breast cancer mortality with 
anthracycline-based regimens with taxane versus without taxane
Risk of recurrence (A) or breast cancer mortality (B) in 11 167 patients with anthracycline 

plus taxane (n=5590) versus the same chemotherapy without taxane (n=5577), risk of 

recurrence (C) or breast cancer mortality (D) in 27 089 patients with anthracycline plus 

taxane (n=13 528) versus a higher (but less than double) dose of non-taxane chemotherapy 

(n=13 561), and risk of recurrence (E) or breast cancer mortality (F) in 14 620 patients with 

taxane plus anthracycline (n=7322) versus double the dose of non-taxane chemotherapy 

(n=7298) . Error bars show 95% CI. O–E=observed minus expected. RR=rate ratio. 

V=variance. 2p=two-sided p value.
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