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ABSTRACT

Background. Taxanes usually follow anthracyclines in breast
cancer neo/adjuvant treatment, likely because of their later
introduction into clinical practice. However, there is no biolog-
ical rationale that justifies this current standard of care. We
compared a taxane followed by an anthracycline-based regi-
men with the reverse sequence in the neoadjuvant setting.
Patients and Methods. In a randomized, open-label, single-
center phase II trial, women with inoperable, locally advanced,
HER2-negative breast cancer were stratified by hormone recep-
tor status and randomized to three cycles of docetaxel
(T) followed by three cycles of fluorouracil, doxorubicin, and
cyclophosphamide (FAC) versus three cycles of FAC followed
by three cycles of docetaxel. Surgery, radiotherapy, and
adjuvant hormonal therapy were administered as per local
guidelines. The primary endpoint was pathological complete
response (pCR), and secondary endpoints included toxicity,
event-free survival (EFS), and overall survival (OS).

Results. Treatment sequence did not improve pCR, which
was 7% with T-FAC and 3% with FAC-T. However, after a
median follow-up of 79 months, the 5-year EFS rate was
75.7% (95% confidence interval [CI], 65.4%–87.7%) with T-
FAC and 48.2% (95% CI, 37.0%–62.7%) with FAC-T (hazard
ratio [HR], 0.46; 95% CI, 0.26–0.81; log-rank p = .0054), and
the 5-year OS rate was 89.7% (95% CI, 82.2%–97.8%) with
T-FAC and 64.7% (95% CI, 53.6%–78.1%) with FAC-T (HR,
0.41; 95% CI, 0.22–0.78; p = .0052). There were no unex-
pected toxicities.
Conclusion. We showed for the first time an improvement in
EFS and OS with taxane-first compared with anthracycline-first
sequencing chemotherapy in HER2-negative, locally advanced
breast cancer. Confirmation of these results may have implica-
tions for clinical practice.

This trial was registered with Clinicatrials.gov identifier
NCT01270373. The Oncologist 2020;25:758–764

Implications for Practice: The NeoSAMBA trial showed a benefit for taxane-first sequencing chemotherapy consistent with
the systematic review of the literature as well as the larger Neo-tAnGo study. Many recent and current ongoing clinical trials
have already followed this treatment strategy. As a taxane-before-anthracycline sequence carries neither an incremental
cost nor an increased toxicity, and given the available literature on this issue, reinforced that taxane-first regimen can be
easily incorporated into daily clinical practice while awaiting confirmation of these findings from larger trials.

INTRODUCTION

It has been more than 40 years since a pivotal trial showed that
12 months of postoperative chemotherapy consisting of cyclo-
phosphamide, methotrexate, and fluorouracil (CMF) decreased
the risk of recurrence of breast cancer in women with positive
axillary lymph nodes [1]. Breast cancer adjuvant chemotherapy
evolved over the years to incorporate anthracyclines, taxane-

containing regimens, and a combination of chemotherapy with
targeted therapy for the HER2-positive subset [2, 3]. We have
also learned that administering neoadjuvant chemotherapy does
not compromise distant recurrence, breast cancer survival, or
overall survival (OS) rates [4]. Dose intensification with chemo-
therapy drugs given at a shorter treatment interval provided
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further improvement [5]. Taking all these advances over
the last decades, breast cancer adjuvant chemotherapy
reduced mortality by almost half when compared with no
adjuvant chemotherapy. Recent efforts have focused on
tailoring adjuvant chemotherapy to the women most likely
to benefit from it, potentially sparing toxicity and cost
through gene-expression assays [6, 7].

Despite these remarkable achievements, little attention has
been paid to the sequence of chemotherapy agents. The deliv-
ery of doxorubicin followed by CMF significantly reduced the
risk of disease relapse and death when compared with an alter-
nating regimen of doxorubicin and CMF, despite the fact that
both regimens included the same drugs, at the same doses, with
identical treatment duration and dose intensity [8]. Currently,
anthracyclines and taxanes represent the main chemotherapy
drugs for breast cancer adjuvant treatment. Taxanes usually fol-
low anthracyclines in breast cancer neo/adjuvant treatment,
likely because of their later introduction into clinical practice.
However, there is no biological rationale that justifies this cur-
rent standard of care. A systematic review of the published data
descriptively summarized the results from 15 mainly non-
randomized studies (eight in the neoadjuvant setting and seven
in the adjuvant setting) totaling almost 5,000 patients with no
disadvantages in terms of efficacy or toxicity for sequences in
which the taxane was administered first [9]. A recent meta-
analysis showed that there was considerable variation in the
level of evidence supporting equivalent outcomes for the order
in which taxanes are delivered in the neoadjuvant setting [10].

We prospectively compared an anthracycline-based reg-
imen followed by a taxane neoadjuvant chemotherapy with
the reverse sequence in patients with locally advanced,
HER2-negative invasive breast cancer.

MATERIALS AND METHODS

Study Design and Treatment
This randomized, parallel, open-label, phase II trial
was performed at a single center, the Instituto Nacional de

Câncer, in Brazil. The NeoSAMBA trial (Neoadjuvant: Does
the Sequence of Anthracycline and Taxane Matter: Before or
After?) was approved by the local ethics committee on July
21, 2010. This trial was registered with Clinicatrials.gov iden-
tifier NCT01270373.

We enrolled women aged older than 18 years with a his-
tological diagnosis of invasive HER2-negative breast cancer
(defined according to the American Society of Clinical Oncol-
ogy/College of American Pathologists guidelines) and a clinical
tumor size of more than 50 mm (T3) or a clinically N2 axillary
involvement [11]. Other eligibility criteria were adequate car-
diac, bone marrow, hepatic, and renal function and appropri-
ate Eastern Cooperative Oncology Group performance status
(0–2). No previous exposure to chemotherapy, radiotherapy,
or endocrine therapy and no uncontrolled diabetes or periph-
eral neuropathy were allowed. All patients provided written
informed consent.

After stratification by hormone receptor status, women
were randomly assigned via a computerized system on a
1:1 ratio to the two treatment groups. Hormone receptor
was considered as positive when >1% of tumor cell nuclei
were immunoreactive. Neither patients nor investigators
were masked to treatment allocation.

Baseline studies included tumor biopsy, routine blood
tests, chest x-ray, abdominal ultrasound, bone scintigraphy,
electrocardiogram, and echocardiogram. Tumor and blood
samples were collected for translational analyses at three
time points and will be reported elsewhere. All patients
were scheduled to receive six cycles of a 21-day regimen of
neoadjuvant intravenous chemotherapy. The experimental
arm consisted of three cycles of docetaxel 100 mg/m2

(T) followed by three cycles of fluorouracil 500 mg/m2,
doxorubicin 50 mg/m2, and cyclophosphamide 500 mg/m2

(T-FAC), and the control arm consisted of the identical
doses of FAC followed by docetaxel (FAC-T). Primary pro-
phylaxis with granulocyte colony-stimulating factor was not
provided. Surgery was performed no later than 10 weeks
after the end of the last chemotherapy cycle. Radiotherapy
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Figure 1. Trial profile.
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and adjuvant hormonal therapy were administered as per
local guidelines.

Patients were followed up every 21 days during the che-
motherapy period with physical examination and blood tests
and on average every 6 months postsurgery, according to
the local clinical practice.

Outcomes
The primary endpoint was pathological complete response
(pCR), defined as absence of residual invasive disease in the
breast and axillary lymph nodes. Secondary endpoints included
toxicity, relative dose intensity, event-free survival (EFS), and
OS. Event-free survival was defined as the time from randomi-
zation to disease progression, recurrence (either local or dis-
tant), or death from any cause. Overall survival was the time
elapsed between the date of randomization to death from any
cause. We assessed adverse events after each chemotherapy
cycle using Common Terminology Criteria for Adverse Events,
version 3.0. We also recorded use of growth factor support
and red blood cell transfusion.

Statistical Analysis
A pathological response rate of less than 10% was expected
as anticipated in patients treated with neoadjuvant chemo-
therapy locally. Considering a type I error of 0.1 and a type II
error of 0.1, a total of 56 evaluable patients per arm should
be included. A 5% dropout rate was awaited.

R-project packages “survival” and “survminer” were used
for analyses [12–14]. Two-sided p values less than .05 were
considered statistically significant.

All patients who received any treatment were included
in the safety, primary endpoint, EFS, and OS analyses, which
were performed on an intent-to-treat basis.

Table 3. Rates of pathologic complete response and
residual cancer burden according to breast cancer subtype
and treatment sequence

Subtype/
Treatment

(n = 118),
n

pCR
(n = 6),
n (%)

RCB 0–I
(n = 12),
n (%)

Subtype

Triple negative 31 6 (19.4) 9 (29.0)

Hormone
receptor
positive

87 0 (0) 3 (3.4)

Treatment
sequence

T-FAC 58 4 (6.9) 6 (10.3)

FAC-T 60 2 (3.3) 6 (10)

Abbreviations: FAC, fluorouracil, doxorubicin, and cyclophosphamide;
pCR, pathologic complete response; RCB, residual cancer burden;
T, docetaxel.

Table 1. Baseline characteristics of the intention-to-treat
population

Characteristics
T-FAC (n = 58),
n (%)

FAC-T (n = 60),
n (%)

Age groups, years

<40 10 (17) 18 (30)

41–64 44 (76) 33 (55)

>64 4 (7) 9 (15)

Age, median (IQR),
years

50 (44–59) 50 (38–60)

ECOG performance
statusa

0 43 (75) 42 (71)

1 14 (25) 17 (29)

Histology

IDC 51 (88) 54 (90)

ILC 5 (9) 3 (5)

Other 2 (3) 3 (5)

Stage

IIB 14 (24) 10 (17)

IIIA 19 (33) 21 (35)

IIIB 25 (43) 29 (48)

Subtype

Hormone receptor
positive

42 (72) 45 (75)

Triple negative 16 (18) 15 (25)

Gradea

1 4 (10) 3 (7)

2 29 (71) 28 (65)

3 8 (20) 12 (28)
aData not available for all randomized patients.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; FAC,
fluorouracil, doxorubicin, and cyclophosphamide; IDC, infiltrating
ductal carcinoma; IQR, interquartile range; ILC, infiltrating lobular car-
cinoma; T, docetaxel.

Table 2. Treatment delivered

Treatment features T-FAC (n = 58) FAC-T (n = 60)

RDI FAC, median
(IQR)

98.2 (93.6–100.6) 99.0 (95.8–100.6)

RDI T, median (IQR) 98.5 (96.7–100.4) 97.7 (91.9–100.2)

Dose reduction, n (%) 3 (5) 11 (18)

Dose interruption,
n (%)

4 (7) 4 (7)

Blood transfusion,
n (%)

1 (2) 2 (3)

GCSF use, n (%) 12 (21) 14 (23)

Abbreviations: FAC, fluorouracil, doxorubicin, and cyclophosphamide;
GSCF, granulocyte colony-stimulating factor; IQR, interquartile range;
RDI, relative dose intensity; T, docetaxel.

Table 4. Site of first invasive recurrence

Site T-FAC (n = 58), n (%) FAC-T (n = 60), n (%)

Total 18 (31) 31 (52)a

Local 2 (3) 6 (10)

Regional 0 0

Distant 16 (28) 26 (43)
aOne patient had simultaneous local and distant recurrence.
Abbreviations: FAC, fluorouracil, doxorubicin, and cyclophosphamide;
T, docetaxel.
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Patients without an EFS or OS event were censored at
the last known follow-up time for the corresponding analysis.
Fisher’s exact test was used to compare dose reductions and
pCR, and the Mann-Whitney U test was used for treatment
interval comparison between arms. We constructed Kaplan-
Meier curves, used log-rank tests to compare them, and used
Cox proportional-hazards models to assess hazard ratios
(HRs) and adjust for other prognostic factors. We report the
long-term results of EFS and OS.

The institutional data monitoring committee oversaw the
trial. The study was developed and conducted in accordance
with the national regulations and the principles of Good Clin-
ical Practice.

RESULTS

Patient Characteristics and Treatment Exposure
From August 10, 2010, through November 29, 2012, we
enrolled 120 patients. Two patients were found to be ineli-
gible after randomization, leaving 118 patients for the ana-
lyses of secondary endpoints (Fig. 1).

Patients and tumor baseline characteristics are depicted in
Table 1 and were relatively well balanced. Ninety-four patients
(80%) had stage III disease, and 31 (26%) had triple-negative
breast cancer (TNBC). No notable difference of the relative
dose intensity existed between the two arms in the T or FAC
components. There was a numerically higher dose reduction
rate in the FAC-T arm (18%) when compared with the reverse
sequence (5%) related to the T component (p = .04). Dose
interruptions, blood transfusions, and growth factor use were
similar between the randomized treatment groups (Table 2).
The median time interval between the end of chemotherapy
and surgery was 38 days (interquartile range [IQR], 35–51) and
42 days (IQR, 33–55) in the T-FAC and FAC-T arms (p = .66),
respectively. Radiation therapy followed surgery at a median
time of 49 days (IQR, 41–61) in the T-FAC arm and 49 days (IQR,
41–57) in the FAC-T arm (p = .70). Five patients in each arm had
radiation prior to surgery because of inoperable tumors.

Efficacy Results
Only six patients (5%) had a pCR, and a post hoc analysis
showed that 12 patients (10%) had a residual cancer burden

score of 0 or 1 [15]. The treatment sequence did not improve
pCR, which was seen in four (7%) patients in the T-FAC and
two (3%) in the FAC-T arms, respectively (p = .43). Only patients
with triple-negative disease had a pCR (p < .001 for the com-
parison with hormone receptor–positive disease; Table 3).

The median follow-up was 79 months (95% confidence
interval [CI], 76–84 months). At the time of analysis,
18 patients (31%) and 31 patients (52%) had a recurrence:
2 patients (3%) and 6 patients (10%) had a local recur-
rence as a first event, whereas 16 (28%) and 26 (43%) had
a distant recurrence, in the T-FAC and FAC-T arms, respec-
tively. One patient (2%) in the FAC-T arm had a simulta-
neous local and distant recurrence (Table 4).

The 5-year EFS rate was 75.7% (95% CI, 65.4%–87.7%)
with T-FAC and 48.2% (95% CI, 37.0%–62.7%) with FAC-T (HR,
0.46; 95% CI, 0.26–0.81; log-rank p = .0054). The 5-year OS
rate was 89.7% (95% CI, 82.2%–97.8%) with T-FAC and 64.7%
(95% CI, 53.6%–78.1%) with FAC-T (HR, 0.41; 95% CI,
0.22–0.78; p = .0052), respectively (Fig. 2). After excluding the
patients who had dose reductions, the HR for EFS remained
statistically significant (HR, 0.427; 95% CI, 0.23–0.79). In a
multiple Cox proportional-hazards regression, only treatment
sequence had statistically significant impact on EFS (adjusted
HR, 0.46; 95% CI, 0.26–0.81; p = .007) and OS (adjusted HR,
0.43; 95% CI, 0.23–0.82; p = .009), after adjusting for stage
and hormone receptor.

Safety Results
Overall, the rates of grade 3 or higher adverse events were
as expected, and there was no notable difference between
the two treatment groups other than hypertension (10%)
and muscle or joint pain (8%), which were both higher in
the anthracycline-first arm than in the taxane-first arm
(Table 5). Other adverse events included neutropenia and
febrile neutropenia, acute hypersensitivity, hyperglycemia,
and infection. Two patients died during the protocol treat-
ment period, both in the FAC-T group. One patient died
after an acute abdomen following the first cycle of doce-
taxel, and the second one died of sepsis 46 days after the
end of chemotherapy.

DISCUSSION

In this single-center, randomized phase II trial we showed
no difference in pCR with taxane-first when compared with
anthracycline-first sequencing neoadjuvant chemotherapy
in inoperable, HER2-negative, locally advanced breast can-
cer. On the other hand, there was an improvement in EFS
and OS with a taxane-first chemotherapy. Treatment deliv-
ery and toxicity were similar between both arms.

In the NeoSAMBA trial, despite a higher pCR rate for the
triple-negative cohort, there was a low pCR for the overall
patient population comprising mainly of hormone receptor–
positive disease. How can the low pCR and the benefit in
time-to-event outcome be reconciled? Although these results
could be due to chance, these findings were described by
large meta-analyses of breast cancer neoadjuvant studies
[16]. As expected, the frequency of pCR in patients with hor-
mone receptor–positive tumors is low when compared with
triple-negative and HER2-positive tumors. Although pCR has

Table 5. Summary of grade 3 or higher adverse events >5%

Adverse events
T-FAC (n = 58),
n (%)

FAC-T (n = 60),
n (%)

Hematological

Neutropenia 6 (10) 8 (13)

Febrile neutropenia 12 (21) 13 (22)

Nonhematological

Acute
hypersensitivity

4 (7) 4 (7)

Hyperglycemia 2 (3) 3 (5)

Hypertension 0 (0) 6 (10)

Infection 2 (3) 4 (7)

Muscle or joint pain 0 (0) 5 (8)

Abbreviations: FAC, fluorouracil, doxorubicin, and cyclophosphamide;
T, docetaxel.
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been the most commonly used endpoint in neoadjuvant tri-
als, its role as a surrogate endpoint for EFS and OS has been
debated. The weakest association between pCR and long-
term outcomes has been described for hormone receptor–
positive and low-grade tumors; moreover, pCR has not
been confirmed as a prognostic marker in patients with lumi-
nal A or luminal B breast cancer [16]. The GeparSepto trial
compared nab-paclitaxel with solvent-based paclitaxel (sb-
paclitaxel) in addition to anthracycline-based neoadjuvant
chemotherapy. The recently published update showed a
higher pCR in TNBC and at the same time revealed the bene-
fit of nab-paclitaxel in long-term invasive disease–free sur-
vival (iDFS) irrespective of hormone receptor status.
Interestingly, patients with a Ki-67 of less than 20% who
were treated with nab-paclitaxel did not show a higher pCR
rate but had a better iDFS compared with those treated with
sb-paclitaxel [17]. Other potential explanations for these
findings include the fact that adjuvant endocrine treatment
for hormone receptor–positive breast cancer can improve
the outcome of residual disease and that treatment sensitiv-
ity of the primary tumor and micrometastatic disease may
differ. These combined results suggest an uncoupling of pCR
and long-term outcomes in HER2-negative hormone
receptor–positive breast cancer.

With regard to sequencing, the study Z1041 compared
sequential epirubicin-based treatment followed by paclitaxel
and trastuzumab versus concurrent treatment with paclitaxel
and trastuzumab followed by epirubicin and trastuzumab neo-
adjuvant chemotherapy for patients with HER2-positive breast
cancer and showed no significant difference in pCR rates,
disease-free survival, or OS [18]. Active anti-HER2 targeted
treatment may overcome the impact related to the order of
chemotherapy agents in HER2-positive breast cancer. The Neo-
tAnGo study, the largest neoadjuvant trial to compare chemo-
therapy treatment sequences, without a selection for breast
cancer subtypes, showed an absolute 5% pCR improvement in
the taxane-before-anthracycline arm. At the time of publica-
tion, with a median follow-up of 47 months, there was no dif-
ference in disease-free survival or OS according to treatment
sequence, and long-term results of this large trial are awaited
[19]. In NeoSAMBA, HER2-positive disease was excluded, mini-
mizing the potential sequence and treatment interaction with
anti-HER2 agents. At the same time, 80% of the patients had
stage III disease (as opposed to 80% of the patients included in
Neo-tAnGo with T2 disease), representing a population at very
high risk of disease recurrence, in which the absolute magni-
tude of the benefit of a treatment is likely higher than in
early-stage cancers. Of note, the NeoSAMBA trial used doxoru-
bicin and docetaxel, whereas the Neo-tAnGo trial included epi-
rubicin and paclitaxel as the anthracycline and taxane agent,
respectively.

The study limitations included being a relatively small
phase II single-center trial that had pCR and not EFS and
OS as its primary objectives. Also, patients enrolled in the
study had a large disease burden, and they may have been
understaged with the diagnostic imaging studies used. The
National Comprehensive Cancer Network guidelines suggest
chest and abdominal computed tomography (CT) and even
positron-emission tomography/CT in locally advanced breast

cancer [20]. Moreover, chemotherapy regimens have chan-
ged over the years when the NeoSAMBA trial was ongoing.
Although the optimal treatment duration is not currently
known, six cycles of neoadjuvant chemotherapy for locally
advanced disease may not be ideal. More recently, increasing
the dose density of adjuvant chemotherapy by shortening
intervals between treatment courses and the addition of
adjuvant capecitabine to those without a pCR after standard
anthracycline and taxane neoadjuvant chemotherapy further
improved the outcomes [5, 21]. It is still to be determined
if the observed impact of taxane-first chemotherapy will be
maintained with these more recent adjuvant regimens.

Underlying biological mechanisms may help to explain the
benefits of taxane-first sequencing. in vitro studies have shown
differences in the ability of the drugs to induce cross-resistance
to each other. Cells selected for resistance to paclitaxel showed
little cross-resistance (fourfold) to doxorubicin. In contrast,
cells selected for resistance to doxorubicin exhibited a dra-
matic 4,700-fold and 14,600-fold cross-resistance to pacli-
taxel and docetaxel, respectively [22]. This study suggested
that doxorubicin-resistant cells exhibited higher P-glycoprotein
and breast cancer resistance protein as well as procaspase-9
downregulation as possible explanations for this differential
induction of cross-resistance. Acquired resistance to doxo-
rubicin via NF-κB activation but not its upstream receptor
TLR4 may also explain differential drug resistance, whereas
taxane can induce drug resistance via the TLR4–NF-κB path-
way [23]. Therapies that increase vessel maturity and the
density of perfused vessels might be optimal for alleviating
hypoxia. Reengineering the tumor microenvironment to elimi-
nate hypoxia and promote normoxia could lead to improved
treatment outcomes. Taxanes may decrease interstitial fluid
pressure and increase vessel maturity, and the density of per-
fused vessels which might be optimal for alleviating hypoxia,
whereas doxorubicin had no such significant effect [24]. Such
findings raise the hypothesis that tumors undergoing such
changes could ultimately have a better overall response
because of the improved penetration of the second drug.
Another potential mechanism relates to senescence. The
strongest induction of the senescent phenotype was seen
with the DNA-interactive agents doxorubicin and cisplatin,
whereas the lowest was seen with the microtubule-
targeting drugs docetaxel and vincristine. The induction of
senescence may lead to a persistent cytostatic state that may
render tumor cells more resistant to subsequent therapies
[25, 26]. At the same time, taxanes and anthracyclines have
been reported to interfere with tumor microenvironment
immune components, and we do not know yet the impact of
different chemotherapeutic agents sequence in modeling such
tumor milieu [27]. The acquisition of a phenotype marked by
an increased abundance of CD44 (CD44Hi) by breast cancer
cells as a tolerance response to taxanes, activating a metabolic
switch that confers tolerance against unrelated standard-of-
care chemotherapeutic agents, such as anthracyclines, merits
further investigation [28].

NeoSAMBA collected tissue and blood samples before
treatment initiation, at the time of chemotherapy switch,
and at surgery. Correlative studies including immune media-
tors are ongoing, and a prospective phase III trial is planned.
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CONCLUSION

In summary, the NeoSAMBA trial showed a benefit for
taxane-first sequencing chemotherapy consistent with the
systematic review of the literature as well as the larger
Neo-tAnGo study. Many recent and current ongoing clinical
trials have already followed this treatment strategy. As a
taxane-before-anthracycline sequence carries neither incre-
mental cost nor increased toxicity, and given the available
literature on this issue, taxane-first regimen can be easily
incorporated into daily clinical practice while we wait for
confirmation of these findings from larger trials.
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