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Meta-analyses (1) by the Early Breast Cancer Trialists’ Collaborative 
Group have shown that both polychemotherapy and tamoxifen in 
the adjuvant setting are very effective as single modality treatments 
in prolonging patient survival. The combination of both modalities 
results in a better outcome in terms of overall survival (OS) and 
disease-free survival (DFS), with a statistically significant reduction 
in the risk of relapse and death (1).

The rationale for combining the two modalities was based on 
the hypothesis that the side effects and mechanisms of action are 
different (2), but several in vitro investigations on the interaction 
between tamoxifen and chemotherapeutic agents yielded discordant 

results (3–8). In the 1980s, it was reported that an alteration in 
tumor cell kinetics, such as the G1-S blockade induced by tamoxifen, 
antagonizes the antitumor effect of chemotherapy (3–5). In con-
trast, some researchers observed a synergism between tamoxifen 
and 5-fluorouracil (8) or anthracyclines (6) in hormone-responsive 
breast cancer cells.

The two competing hypotheses of antagonism and synergism 
led to the debate on the best timing for chemo- and hormone 
therapy administration, whether sequential or concurrent (9). It 
was thought that the concurrent schedule would avoid the delay in 
delivering endocrine therapy and would exploit the synergistic 
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was equivalent for the two study arms (concurrent arm: 111 patients, 66%, 95% CI = 59% to 72%; sequential 
arm: 114 patients, 65%, 95% CI = 59% to 72%, P = .86). No differences in DFS and toxic effects were evident. 
Four interim analyses were performed, but no alpha error adjustment was necessary because of the largely 
negative results of this final analysis (sequential vs concurrent arm: HR of death = 1.06, 95% CI = 0.78 to 1.44,  
P = .76; HR of relapse = 1.16, 95% CI = 0.88 to 1.52, P = .36).

	Conclusions	 No statistically significant differences in OS, DFS, and toxic effects between concurrent and sequential adjuvant 
chemo- and hormone therapies were observed. Our study does not support the superiority of one schedule of 
chemo- and hormone-therapy administration over the other. However, because of the limited statistical power 
of the study, these results must be considered with caution.
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pharmacological interactions. Alternatively, the sequential schedule 
would avoid the kinetic and dynamic antagonism between tamoxifen 
and chemotherapy.

The trial presented here, which began in 1985, compared  
concurrent with sequential administration of chemotherapy and 
hormone therapy in patients with early breast cancer. To our 
knowledge, this was the first randomized phase III trial that 
addressed the timing of adjuvant chemotherapy and hormone 
therapy in breast cancer patients.

Methods
Patients
Women younger than 65 years with histologically confirmed 
breast cancer who had undergone radical mastectomy or breast-
conserving surgery, in addition to full ipsilateral axillary lymph 
node dissection, were eligible for enrollment if they had at least 
one involved node. Both pre- and postmenopausal patients with-
out clinical or radiological evidence of distant metastases were  
eligible. A performance status of 1.0 or less (Eastern Cooperative 
Oncology Group Scale) and adequate hepatic, renal, bone marrow, 
and cardiac functions were also required inclusion criteria. 
Hormone receptor status, whether positive or negative, was not an 
exclusion criterion. Estrogen receptor and progesterone receptor 
status were defined as positive when 10% or more positive cells 
were revealed by immunohistochemistry, or when 10 fmol/mg or 
more of cytosol proteins were detected by dextran-coated charcoal 
assay.

Study Endpoints
The primary study endpoint was OS as estimated from the date of 
random assignment to the date of last contact or death from any 
cause; DFS and toxic effects, scored by World Health Organization 
criteria (10), were secondary endpoints. The DFS events included 
local relapse, distant relapse, contralateral breast cancer, or death 
from any cause, whichever came first.

Study Design, Treatments, and Allocation Procedures
This open-label randomized phase III trial was conducted at six 
Italian centers in accordance with the Declaration of Helsinki 
(1964) and with the Italian regulatory requirements, which at the 
time mandated only oral informed consent (11). The study was 
approved by the Ethics Committee of the National Cancer 
Research Institute of Genoa (Italy). Eligible and consenting 
patients were randomly assigned via telephone to treatment by the 
Trial Center of the National Cancer Research Institute of Genoa. 
Patients were assigned to their treatment arm according to strati-
fied random lists that were balanced in blocks of various sizes in 
random sequence. Patients were randomly assigned to receive 
chemotherapy and tamoxifen either concurrently or sequentially.

All patients received the same adjuvant chemotherapy consisting 
of alternating regimens of cyclophosphamide 600 mg/m2, epirubicin 
60 mg/m2, and 5-fluorouracil 600 mg/m2 (CEF) and cyclophospha-
mide 600 mg/m2, methotrexate 40 mg/m2, 5-fluorouracil 600 mg/m2 
(CMF) every 21 days for a total of 12 cycles. The first chemo-
therapy cycle was started within 30 days after surgery (12). Patients 
who had been enrolled in our perioperative chemotherapy trial 
were also included in the study, as planned by the original protocol 
(Supplementary Methods, available online). Therefore, they had 
been randomly assigned to receive their first postoperative chemo-
therapy cycle within 3 days after surgery (12). The hormone 
therapy consisted of tamoxifen at 20 mg/d orally for 5 years, admin-
istered concurrently with chemotherapy in the concurrent arm and 
30 days after the last chemotherapy cycle in the sequential arm.

Although the original protocol scheduled reduction of dose 
according to toxicity grades, no drug modifications were per-
formed, but a treatment delay of up to 2 weeks was permitted 
before each cycle to allow for recovery when patients had fewer 
than 3000 leucocytes per microliter and/or 100 000 platelets per 
microliter, according to clinical practice in our institutions at that 
time. Radiation therapy limited to the breast began 1 month after 
the last chemotherapy cycle and was planned only for patients who 
underwent conservative surgery.

Evaluations
Initial staging consisted of a medical history, physical examinations, 
complete blood counts, and blood chemistry analysis. A bone  
scan, chest x-ray, liver ultrasonography, electrocardiography, and 
mammography were also required before random assignment.

During the first 5 years of follow-up, physical examination, 
complete blood counts, and blood chemistry analysis were  
repeated every 3 months. A bone scan, chest x-ray, liver ultrasound, 
and mammography were repeated every 12 months during the first 
5 years of follow-up. Thereafter, patients were annually examined 
with mammography, complete blood counts, and any procedure as 
circumstances required. Patients were asked to report any change 

CONTEXTS AND CAVEATS

Prior knowledge
The combination of tamoxifen and adjuvant chemotherapy has 
been shown to be an effective treatment for early breast cancer. 
However, it is not known whether concurrent or sequential admin-
istration of these treatments is more beneficial.

Study design
In a randomized phase III trial (1985–1992), 431 women with node-
positive primary breast cancer were randomly assigned to receive 
tamoxifen concurrently with or following chemotherapy.

Contribution
After a median 12.3-year follow-up, there was no difference in 
overall survival, disease-free survival, or toxic effects between the 
two study arms.

Implication
Combining tamoxifen with chemotherapy works equally well, 
whether administered concurrently or sequentially.

Limitations
The already low statistical power of the study was exacerbated by 
23 deaths unrelated to breast cancer. Women with negative and 
unknown hormone receptor status were included in the study. 
Therefore, the results could differ if the study arms included only 
women with hormone-responsive tumors.

From the Editors
 



jnci.oxfordjournals.org  	 JNCI | Articles 1531

in their health. The vital status of any patient failing to present for 
examination was investigated by telephoning or consulting the 
municipal office.

Statistical Methods
All randomly assigned subjects were included in the analyses 
according to the intention-to-treat principle. OS was computed 
from the date of random assignment to the date of death or cen-
sored at the date of last information on survival status. DFS was 
estimated from the date of random assignment to the date of event 
occurrence. OS and DFS curves were obtained from the Kaplan–
Meyer product-limit estimator (13). The primary comparison 
between the two study arms was performed with the log-rank test 
(14). To assess the presence of a statistically significant effect on 
treatment efficacy of several factors that have been indicated as 
prognostic and/or effect modifiers of adjuvant treatment, two mul-
tivariable Cox proportional hazards models were fitted to the data; 
one for OS and one for DFS (15). The graphical representation of 
log {log[S(t)]} against log t, where S(t) is the cumulative survival in 
each stratum at time t and t is the follow-up time, was used to 
confirm the assumption of proportionality. The subgroup analysis 
for tumor size, lymph node status, age, menopausal status, and 
hormone receptor status was planned in the original protocol. The 
following covariates were included in each model: treatment arm 
(concurrent vs sequential); tumor size (pT1 vs ≥pT2); number of 
involved nodes (≤3 vs 4–9, vs ≥10); menopausal status (pre- vs 
postmenopausal); age (≤50 vs >50); positive hormone receptor 
status (estrogen receptor positive and/or progesterone receptor 
positive) vs negative hormone receptor status (combined estrogen 
receptor negative and progesterone receptor negative) vs unknown 
status. To evaluate the presence of heterogeneity in the efficacy of 
sequential vs concurrent therapy across strata of the prognostic 
factors, the appropriate treatment by covariate interaction terms 
were included in the model one at a time, which is considered  
appropriate for subgroup analyses (16). The statistical significance 
of each interaction term (test for interaction) was obtained by 
means of a step-down procedure based on the likelihood ratio test, 
starting from the full model, with the five main effects, and the 
interaction term. No correction for the multiple significance test 
was included, and a relaxed (P = .10) significance level was used to 
retain variables in the multivariable model (15). As a consequence, 
these analyses must be considered exploratory, and in their inter-
pretation, the correction for the number of tests (n = 10) must be 
accounted for. Using a classical Bonferroni correction, the critical 
P value required to declare statistical significance with a = .05 is 
P = .005. All statistical tests were two-sided. The results of sub-
group analyses were graphically summarized using Forest plots 
(16). SPSS software (Version 15.0 for Windows, Chicago, IL) was 
used for all statistical analysis.

This study was conducted as part of a multi-trial study that  
included the main trial on perioperative chemotherapy (12). No 
formal sample size projection was included in the original study 
protocol (Supplementary Methods, available online) for this trial. 
The accrual of the study was stopped in 1992 after the conclusion 
of the perioperative trial, which provided more than half of the 
patients enrolled in this study (12), concomitantly with the begin-
ning of our dose-dense randomized trial (17). Posterior statistical 

power estimates, based on the observed number of events  
(170 deaths and 209 DFS events), indicate that the present analysis 
has an 80% statistical power (for a = .05, two-sided) to detect a 
hazard ratio (HR) for OS of 0.64, and a hazard ratio for DFS of 0.68.

Furthermore, no provision for interim analyses was made in  
the original study protocol. However, four interim analyses were 
conducted in 1990 (18), 1991 (19), and 1992 (20) while patient 
accrual was still ongoing, and the last in 2000 (21), when accrual 
had been completed. None of the interim analyses was intended to 
result in stopping the study, and none was considered to be the 
final analysis. The largely negative results of the final analysis make 
it unnecessary to adjust the alpha error for multiple measures. The 
cutoff date for the analysis presented here was June 1, 2001. 
Update of the follow-up after that time was not possible because of 
financial constraints.

Results
Patients
From May 1985 to June 1992, 431 patients were randomly 
assigned. Two patients were found ineligible (because of meta-
static disease) after random assignment but were included in the 
analysis in accordance with the intention-to-treat principle. Of  
431 patients, 214 were randomly assigned to receive concurrent 
treatment and 217 to receive sequential treatment (Figure 1). 
From our perioperative randomized trial, 230 of 431 patients  
(115 of 214 in the concurrent arm and 115 of 217 in the sequential 
arm) were included (12).

The two treatment arms were comparable in terms of patients 
and characteristics (Table 1). Of 431 randomly assigned women, 
220 (51%) were premenopausal. Hormone receptor status was 
unknown in 105 (24%) of 431 patients. Of the remaining patients, 
227 (53%) were hormone receptor positive and 99 (23%) were 
hormone receptor negative.

Treatment Administration and Toxic Effects
Completion of treatment did not differ between the two groups: 
130 (61%) of 214 patients in the concurrent arm and 136 (63%) of 
217 patients in the sequential arm completed the 12 cycles of  
chemotherapy. Seventy-four percent of patients received more 
than 80% (as percentage of planned doses) of CEF and CMF 
doses. The high incidence of G3–G4 nausea and vomiting  
(approximately 60%) was the dose-limiting factor, inducing most 
people to drop off the last two cycles. However, no differences in 
the incidence of side effects between the two arms were detected 
(Table 2). Virtually all patients experienced alopecia (G3–G4 in 
approximately 75% of patients). Leukopenia occurred in 44% of 
patients, but only a very small minority of patients experienced 
G3–G4 toxic effects (1.6% and 3.6% in the concurrent and 
sequential arm, respectively). Thrombocytopenia was rare (<5%). 
No thromboembolic events were reported in this trial, and no death 
attributable to toxic effects occurred in either arm of the study.

Efficacy
After a maximum of 15.4 years of follow-up (median 12.3 years), 
170 deaths were observed, 84 in the concurrent arm and 86 in the 
sequential arm. The two treatments were equivalent in terms of 
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OS and DFS. The estimated actuarial 10-year OS was 66%  
(111 patients, 95% CI = 59% to 72%) in the concurrent arm and 
65% (114 patients, 95% CI = 59% to 72%) in the sequential arm 
(Figure 2, A) (P = .86). There were 209 DFS events recorded, 100 
in the concurrent arm and 109 in the sequential arm (Table 3). 
The estimated actuarial 10-year DFS was 52% (95% CI = 44% to 
59%) in concurrent arm and 51% (95% CI = 44% to 58%) in the 
sequential arm (P = .47) (Figure 2, B). In the multivariable analysis, 
lymph node status was the only variable influencing OS and DFS 
(Table 4). No difference in risk of death (HR of death = 1.06, 95% 
CI = 0.78 to 1.44, P = .76, Figure 3) or relapse (HR of relapse = 
1.16, 95% CI = 0.88 to 1.52, P = .36, Figure 4) was evident between 
the sequential and concurrent arm after adjustment for prognostic 
factors.

In the exploratory subgroup analyses, no heterogeneity in the 
effect of sequential as compared with concurrent therapy was seen 
across the strata of age, menopausal status, and hormone receptor 
status. However, in DFS analyses, an interaction between random 
assignment and both nodal status and tumor size was noted (P = 
.040 and P = .039 for nodal and tumor size status comparisons, 
respectively; not statistically significant with Bonferroni correc-
tion). This interaction suggests that a sequential therapy may be 
associated with an increased risk of relapse in high-risk subgroups, 
namely patients with 10 or more metastatic axillary lymph nodes 
(HR of relapse = 2.04, 95% CI = 1.13 to 3.70) and a pathological 
tumor stage or at least pT2 (HR of relapse = 1.38, 95% CI = 0.99 
to 1.94). The same two associations were also seen in OS analyses 
(without statistical significance).

We also analyzed the hormone receptor–positive patients. In 
these patients, a 40% increase in the probability of relapse was 
observed in the sequential arm (HR = 1.40, 95% CI = 0.96 to 2.04) 

with a similar difference in OS (HR of death = 1.27, 95% CI = 0.83 
to 1.94), but the test for interaction was not statistically significant 
(P = .41 and P = .52 for DFS and OS, respectively).

Discussion
In this study, no differences in OS and DFS between concurrent 
and sequential adjuvant chemo- and hormone therapies in node-
positive breast cancer patients were observed. This trial was con-
ceived on the basis of two contrasting hypotheses underlying the 
concurrent or sequential administration of hormone therapy and 
chemotherapy in the adjuvant treatment of early breast cancer. 
The concurrent modality could avoid any delay in prompting  
synergistic pharmacological interactions; the sequential modality 
could circumvent the expected kinetic antagonism of chemo-
therapy and hormone therapy. The results of this study fail to 
support either hypothesis.

Some limitations of the study must be considered because they 
are, at least in part, a reflection of the assumptions and attitudes of 
the time when the study was designed. First, the size of the study 
is inadequate by today’s standards. In fact, the study had the statis-
tical power (ie, >80%) to detect a 36% reduction in death rate and 
a 32% reduction in recurrence rate, and we now know that an  
effect of this magnitude is a rare event (1,22). As a consequence, 
any negative finding in this study must be interpreted in the light 
of its low statistical power.

The problem of low statistical power in this study is enhanced 
by the occurrence of 23 deaths that were not preceded by a report 
of progression. Deaths unrelated to breast cancer might have  
diluted not only OS but also DFS comparisons. Even though  
the distribution of these 23 deaths was similar in the two groups 

Figure 1.  CONSORT diagram. Patient disposition during the study. Concurrent arm = tamoxifen concurrent with chemotherapy; sequential 
arm = tamoxifen after completion of chemotherapy. DFS = disease-free survival; OS = overall survival.
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(11 and 12 in the concurrent and sequential group, respectively), it 
is possible to speculate that the convergence of the DFS and OS 
curves with increasing follow-up may be due, at least in part, to the 
diluting effect of these deaths. According to standard statistical 
practices, it is not possible to ignore these deaths by censoring 
these patients at the time of death because of the risk of bias and 
because some of these case patients may indeed have suffered an 
unreported relapse. The latter hypothesis is supported by the fact 
that most of these patients were in their early 60s when they died 
(median age at death = 63 years), an age when deaths from com-
peting risks are much less frequent than deaths from breast cancer 
in a high-risk population such as the one in this study (10-year 
DFS approximately 50%).

Second, patients were eligible for this study regardless of their 
hormone receptor status, an understandable omission, considering 
that the study was conceived before the first Early Breast Cancer 
Trialists’ Collaborative Group overview (published in 1988), in 
which tamoxifen was reported effective in women 50 aged years  
or older (23). It was only in 1998 that the Oxford Overview (24) 

definitely attributed true predictive value to estrogen receptor 
status. Therefore, a major weakness of our study is represented by 
the inclusion of one-fourth of patients with negative hormone  
receptor status and one-fourth of patients with unknown hormone 
receptor status.

As a consequence, the hazard ratio of 0.64 and 0.68 (for OS and 
DFS, respectively), which could be detected with a statistical 
power of 80% in the entire study population, should be entirely 
driven by the approximately two-thirds of patients with tumors 
sensitive to hormonal treatments: The reductions in the hazard of 
relapse and of death in this subgroup that were necessary to obtain 
these overall effects were 47% and 53%, respectively, much larger 
than the difference one might reasonably expect when comparing 
sequential and concurrent tamoxifen.

The subgroup analyses were planned in advance and included 
in the original study protocol. However, given the number of tests 
performed (n = 10) and the small size of the study, none of them 
achieved the critical P value required for statistical significance 
after correction for multiplicity (P = .005). When the analysis was 

Table 1. Patient characteristics*

Characteristic

Concurrent arm (n = 214) Sequential arm (n = 217)

No. (%) No. (%)

Age, y
  Median 49 51
  Range 30–65 28–65
Age group, y
  ≤50 111 (51.8) 107 (49.3)
  >50 103 (48.1) 110 (50.7)
Menopausal status
  Premenopausal 113 (52.8) 107 (49.3)
  Postmenopausal 101 (47.2) 110 (50.7)
Surgical treatment
  Conservative 66 (30.8) 65 (30.0)
  Mastectomy 146 (68.2) 149 (68.6)
  Unknown 2 (0.9) —
Pathological tumor stage†
  pT1 85 (39.7) 84 (38.7)
  ≥pT2 127 (59.6) 131 (60.3)
  pTis — 2 (0.9)
  Unknown 2 (0.9) —
No. of metastatic axillary lymph nodes
  1–3 128 (59.8) 120 (55.2)
  4–9 53 (24.7) 58 (26.7)
  ≥10 31 (14.4) 38 (17.5)
  Unknown‡ 2 (0.9) 1 (0.5)
Hormone receptor status
  ER- 68 (31.7) 51 (23.5)
  ER+ 100 (46.7) 105 (48.3)
  ER status unknown 46 (21.4) 61 (28.1)
  PgR2 76 (35.5) 63 (29.0)
  PgR+ 66 (30) 71 (32.7)
  PgR status unknown 72 (33.6) 83 (38.2)
  Hormone negative, ER2 and PgR2 59 (27.5) 40 (18.4)
  Hormone positive, ER+ and/or PgR+ 111 (51.8) 116 (53.4)
  Hormone status unknown 44 (20.5) 61 (28.1)

*	 Concurrent arm, tamoxifen concurrent with chemotherapy; sequential arm, tamoxifen after completion of chemotherapy. ER2 = estrogen receptor negative; 
ER+ = estrogen receptor positive; PgR2 = progesterone receptor negative; PgR+ = progesterone receptor positive.

†	 pT1, 2 = primary tumor stage 1 and 2; pTis = carcinoma in situ, according to the American Joint Committee on Cancer Staging System.

‡	 At least one lymph node.
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restricted to the hormone receptor–positive patients, a 40% 
increase in the risk of relapse was seen in the sequential arm, with 
a similar difference in OS, but the test for interaction was not  
statistically significant (P = .41 and P = .52 for DFS and OS, 
respectively). Although this finding cannot provide evidence to 
support the superiority of one treatment over the other, it suggests 
that concurrent tamoxifen might not be detrimental (sequential vs 
concurrent arm: HR of relapse = 1.40, 95% CI = 0.96 to 2.04 and 
HR of death = 1.27, 95% CI = 0.83 to 1.94). Two other planned 
subgroup analyses, by tumor size and by nodal status, corroborate 
the same interpretation. Indeed, in both analyses, a statistically 
significant treatment–covariate interaction was found for DFS  
(P = .040 and P = .039 for nodal and tumor size status comparisons, 
respectively; not statistically significant with Bonferroni correction), 

suggesting that the sequential regimen may be less effective than 
the concurrent one in at least two high-risk subgroups (HR  
of relapse = 1.38, 95% CI = 0.99 to 1.94 in the pT ≥2 group and 
HR of relapse = 2.04, 95% CI = 1.13 to 3.70 in patients with ≥10 
metastatic axillary lymph nodes). These results are mirrored in OS 
analyses.

Two other randomized studies similarly assessed the adminis-
tration of chemo- and hormone therapy (25–27). In the Spanish 
Breast Cancer Research Group (GEICAM) study (25), a random-
ized trial involving node-positive postmenopausal women not  
selected by hormone receptor status or with unknown status,  
tamoxifen was administered concurrently or sequentially with 
epirubicin–cyclophosphamide adjuvant chemotherapy. After a 
follow-up of 4.6 years, the GEICAM study (25), which started in 

Figure 2. Kaplan–Meier survival curves for all randomly assigned patients. A) Overall survival and B) Disease-free survival. P values from two-sided 
log-rank test. Concurrent arm = tamoxifen concurrent with chemotherapy; sequential arm = tamoxifen after completion of chemotherapy; 
CI = confidence interval; DFS = disease-free survival; N = number of patients at risk; OS = overall survival; Y = year.

Table 2. Toxic effects*

Toxic effect†

Concurrent arm (n = 214), % Sequential arm (n = 217), %

G1–2 G3–4 G1–2 G3–4

Nausea and vomiting 37.8 58.0 35.0 60.9
Alopecia 22.3 74.0 23.3 76.1
Cardiac 4.1 0.5 5.1 1.5
Hepatic 2.1 1.0 7.6 0.5
Renal 0.5 —  —
Leukopenia 46.1 1.6 41.1 3.6
Thrombocytopenia 4.1 — 4.6 0.5
Stomatitis 25.3 2.6 20.3 4.1
Infections 3.6 — 3.5 —
Cystitis 16.5 — 10.6 —
Spotting 5.2 — 3.0 —
Hot flashes 35.7 1.0 27.9 0.5

*	 Concurrent arm, tamoxifen concurrent with chemotherapy; sequential arm, tamoxifen after completion of chemotherapy. G1–4 = toxic effect grades according to 
World Health Organization criteria.

†	 There were no statistically significant differences in any of the toxic effects between the concurrent and sequential arm.
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1995, did not detect any statistically significant difference in 
outcome between concurrent and sequential administration. 
However, considering the number of events detected (52 OS and 
96 DFS events), the statistical power of the GEICAM study is 
very low, and this weakness strongly reduces the relevance of the 
observation.

Conversely, the preliminary analysis of the Southwest Oncology 
Group (SWOG) 8814 trial, presented in 2002, showed a statisti-
cally significant improvement in DFS in the sequential arm over 
the concurrent arm (27). That large trial, started in 1989, com-
pared three arms: chemotherapy (cyclophosphamide, doxorubicin 
and 5-fluorouracil [CAF]) given concurrently or sequentially with 
tamoxifen vs tamoxifen alone. A study of such magnitude (ie, 89% 
statistical power to detect a 33% increase in the HR for concurrent 
vs sequential administration, for a = .05, one-sided) and one that is 
focused on a specific set of node-positive patients (ie, hormone 

receptor positive and postmenopausal) represents the ideal setting 
for assessing the relative role of sequential vs concurrent combina-
tion of chemotherapy and hormone therapy. After the presenta-
tion of the SWOG trial results (27), clinical practice did change, 
and the general consensus among clinical oncologists was to 
administer the two treatments sequentially (28). Furthermore, on 
the basis of the SWOG preliminary results, the 2005 St Gallen 
consensus recommended that patients receiving chemotherapy 
should not start tamoxifen until completion of treatment (29). 
However, the final results of the SWOG trial, with a median  
follow-up of 8.9 years, did not fully support the findings of the 
preliminary SWOG analysis (26). We caution that a longer 
follow-up could eventually reduce the advantage, as happened for 
this study. In fact, the findings of our interim analyses were 
reversed after longer follow-up. Early data suggested that the con-
current arm was better (18–20), whereas this advantage was greatly 

Table 3. Events by treatment arm*

Events Concurrent arm, No. of patients† Sequential arm, No. of patients‡

Contralateral breast cancer 7 6
Local relapse only 5 9
Distant metastasis only 62 62
Local relapse§ and distant metastasis (concurrently) 4 6
Unspecified site of relapse 11 14
Death without report of progression 11 12

*	 Disease-free survival events were local relapse, distant relapse, contralateral breast cancer, or death from any cause, whichever came first. Concurrent arm, 
tamoxifen concurrent with chemotherapy; sequential arm, tamoxifen after completion of chemotherapy.

†	 In the concurrent arm, 100 (46.7%) of 214 patients experienced an event.

‡	 In the sequential arm, 109 (50.2%) of 217 patients experienced an event.

§	 Local relapses were cytologically and/or histologically confirmed and included tumor relapses in the ipsilateral breast, thoracic wall, and axillary and supraclavicular 
nodes.

Table 4. Multivariable analysis of prognostic factors, overall survival, and disease-free survival*

Characteristic

Overall survival Disease-free survival

HR (95% CI) P HR (95% CI) P

Age group, y  .39  .86
  ≤50 1.0 (referent)  1.0 (referent)
  >50 1.22 (0.78 to 1.90)  0.89 (0.60 to 1.32)
Menopausal status  .66  .81
  Premenopausal 1.0 (referent)  1.0 (referent)
  Postmenopausal 0.93 (0.60 to 1.45)  1.11 (0.75 to 1.65)
Pathological tumor stage†  .24  .07
  pT1 1.0 (referent)  1.0 (referent)
  ≥pT2 1.20 (0.86 to 1.69)  1.32 (0.98 to 1.79)
No. of metastatic axillary lymph nodes  <.001  <.001
  1–3 1.0 (referent)  1.0 (referent)
  4–9 1.99 (1.38 to 2.88)  1.90 (1.37 to 2.62)
  ≥10 4.50 (3.15 to 6.54)  3.26 (2.30 to 4.63)
Hormone receptor status  .56  .36
  Hormone negative, ER2, PgR2 1.0 (referent)  1.0 (referent)
  Hormone positive, ER+ and/or PgR+ 0.83 (0.57 to 1.21)  0.86 (0.61 to 1.19)
  Hormone receptor status unknown 0.85 (0.54 to 1.33)  0.73 (0.48 to 1.09)

*	 CI = confidence interval; ER+ = estrogen receptor positive; ER2 = estrogen receptor negative; HR = hazard ratio; PgR+ = progesterone receptor positive; 
PgR2 = progesterone receptor negative. Concurrent arm, tamoxifen concurrent with chemotherapy; sequential arm, tamoxifen after completion of chemo-
therapy. HR and CI were obtained from a Cox model in which all variables were initially included as covariates. Covariates not statistically significantly (P > .10) 
associated with the outcome were excluded from the model by means of a step-down procedure that was based on the likelihood ratio test. All variables were 
categorical and implied established factors associated with prognosis and/or response to chemotherapy and hormone therapy. All statistical tests are two-sided.

†	 pT1,2 = primary tumor stage 1,2 according to the American Joint Committee on Cancer Staging System.
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reduced later (21). Even in the present report, the DFS curves 
progressively diverge until the eighth year of observation and then 
converge at the end of follow-up; a similar trend was observed  
for OS.

Although in the SWOG study the authors championed the use 
of anthracycline-based chemotherapy followed by tamoxifen in 
clinical practice, they failed to prove a clear superiority of the 
sequential treatment over the concurrent one, because the OS and 
DFS analyses did not reach the statistical significance (HR = 0.90, 
95% CI = 0.73 to 1.10, P = .30 and HR = 0.84, 95% CI = 0.70 to 
1.01, P = .06, for OS and DFS, respectively) (26). Nevertheless, the 
combined therapy of CAF and tamoxifen (given either sequentially 
or concurrently) was superior to tamoxifen alone in terms of DFS 
(HR = 0.76, 95% CI = 0.64 to 0.91, P = .002) (26). Therefore, the 
SWOG study upheld the legacy of previous trials with respect to 
the superiority of chemo- and hormone therapy over hormone 
therapy alone, when an anthracycline-containing regimen was 

used, but did not favor any specific modality for administering the 
drugs (30,31).

To date, neither this study nor the GEICAM (25) or SWOG 
(26) studies have been able to clearly indicate the best timing for 
administering the chemotherapy and hormone therapy combination. 
When these three studies were pooled together in the Oxford 
Overview (unpublished data; presented at the 2008 San Antonio 
Breast Cancer Meeting), no difference was seen between the use of 
tamoxifen given concurrently or sequentially after chemotherapy (9).

Recently, the role of concurrent or sequential treatment was 
retrospectively investigated in pre- and post-menopausal hormone 
receptor–positive patients, who were accrued to two more recent 
randomized adjuvant trials at our Institutes (32). Although there 
was no statistically significant difference in either OS or event-free 
survival between patients receiving tamoxifen concurrently with or 
sequentially to chemotherapy, a statistically significant decreasing 
trend in the hazard of death (P = .015) for sequential therapy was 

Figure 3. Forest plot for overall survival of subgroups. Comparison of 
the concurrent vs the sequential arm within strata formed by each prog-
nostic factor. The solid line shows the no effect point, and the dotted 
line shows overall treatment effect for the whole dataset. HR and CI 
were obtained from a Cox model in which all variables were included 
as covariates. All variables were categorical and implied established 
factors associated with prognosis and/or response to chemotherapy 
and hormone therapy. Interaction terms assessing the homogeneity of 
the effect of experimental treatment across strata of each covariate 
were introduced in the model one at a time. P values are from two-sided 

likelihood ratio tests. All P values shown are from tests for interaction, 
except for the last at the bottom, which is the overall comparison of 
sequential arm vs concurrent arm adjusted for all prognostic factors. 
The solid line corresponds to no effect and the dotted line shows overall 
treatment effect for the whole dataset. Concurrent = tamoxifen concurrent 
with chemotherapy; sequential = tamoxifen after completion of chemo-
therapy. CI = confidence interval; ER = estrogen receptor; HR = hazard 
ratio; Neg = negative; PgR = progesterone receptor; Pos = positive; 
pT1,2 = primary tumor stage 1,2, according to the American Joint 
Committee on Cancer staging system staging system.
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associated with increasing age. This finding suggests that concur-
rent therapy might be more effective than sequential therapy in 
younger patients and/or in premenopausal patients. The authors 
speculated that starting tamoxifen as soon as possible together with 
chemotherapy could counterbalance the poor prognosis reported 
in young premenopausal patients with estrogen receptor–positive 
tumors, who are treated with chemotherapy alone (32–34).

To our knowledge, only this study prospectively investigated 
the timing of the two modalities in premenopausal patients,  
but because of its design, this study does not provide sufficient 
evidence to support or reject either aforementioned hypothesis. 
Therefore, we believe that the definition of the best timing of 
chemo- and hormone therapy in premenopausal patients is a 
pending subject, given the concern of many clinicians to delay the 
endocrine treatment.

Both our study and the SWOG study (26) used an anthracycline-
based chemotherapy regimen of longer duration compared with the 
modern chemotherapy standards. In addition, the chemotherapy 

regimen chosen for our trial is not comparable to the current  
standard in terms of schedule, dosage, and drugs. These variables 
probably affected the survival of the study population, even if  
the overall poor outcomes observed in trials started in the 1980s 
were also affected by the less than adequate staging available at the 
time.

In our report, nausea and vomiting (G3–G4 in approximately 
60% of subjects) represented the dose-limiting factors. This is  
not surprising considering the high emetogenic activity of 
anthracycline-based regimens in the absence of premedication 
with modern antiemetic drugs (5-HT3 antagonists), which were 
unavailable at the time of this trial. It is noteworthy that although 
an increased risk of thromboembolic complications with concur-
rent tamoxifen and chemotherapy was reported by others (35,36), 
no differences in toxic effects were seen in this trial or in the 
GEICAM (25) and SWOG (26) trials. Even if we were aware of 
the cardiovascular risks (36,37) no relevant toxic effect was associ-
ated with the concurrent treatment either in this study or in our 

Figure 4. Forest plot for disease-free survival of subgroups. Comparison 
of the concurrent vs the sequential arm within strata formed by each 
prognostic factor. The solid line shows the no effect point, and the 
dotted line shows overall treatment effect for the whole dataset. HR and 
CI were obtained from a Cox model in which all variables were included 
as covariates. All variables were categorical and implied established 
factors associated with prognosis and/or response to chemotherapy 
and hormone therapy. Interaction terms assessing the homogeneity of 
the effect of experimental treatment across strata of each covariate 

were introduced in the model one at a time. P values are from two-sided 
likelihood ratio tests. All P values shown are from tests for interaction, 
except for the last at the bottom, which is the overall comparison of 
sequential arm vs concurrent arm adjusted for all prognostic factors. 
Concurrent = tamoxifen concurrent with chemotherapy; sequential = 
tamoxifen after completion of chemotherapy. CI = confidence interval; 
ER = estrogen-receptor; HR = hazard ratio; Neg = negative; PgR =  
progesterone receptor; Pos = positive; pT1,2 = primary tumor stage 1,2, 
according to the American Joint Committee on Cancer Staging System.
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dose-density phase III trials, in which patients were similarly 
treated with concomitant or sequential tamoxifen (17).

No data are available so far about the best timing of administra-
tion of chemotherapy and aromatase inhibitors in early breast 
cancer. These drugs represent the other major form of adjuvant 
endocrine therapy. In view of their different pharmacodynamics 
and pharmacokinetics compared with tamoxifen, the results of 
studies evaluating the timing of chemotherapy and tamoxifen 
cannot be applied to aromatase inhibitors (26). Because aromatase 
inhibitors are particularly active in switching off the proliferation 
and taxanes are particularly active in highly proliferating cancers, 
concerns about their concurrent administration exist. However, in 
vivo synergism between these drugs could not be excluded. 
Intriguingly, Watanabe et al. (38) recently observed that the rate 
of pathological complete response obtained by neoadjuvant con-
current administration of an aromatase inhibitor (anastrozole) and 
chemotherapy (CEF followed by paclitaxel) was not lower than 
those of previous chemotherapy only trials. The antagonism of 
these clashing hypotheses (ie, antagonism or synergism) recapitu-
lates the same rationale behind this study.

In conclusion, the debate about the best timing for adjuvant 
chemo- and hormone therapy is far from resolved, even consid-
ering that new chemotherapeutic, biological, and endocrine agents 
are presently available.
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