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ABSTRACT
This review summarises the literature on non-randomised and randomised clinical trials on preoperative
chemotherapy in breast cancer. The effectiveness and survival benefits of adjuvant anthracycline-based chemo-
therapy and, more recently, taxane-containing regimens have led to more frequent use of preoperative chemo-
therapy as neoadjuvant treatment in operable breast cancers. However, survival benefit has not been shown
in randomised controlled trials comparing preoperative chemotherapy with the same regimens used
postoperatively or in studies that add taxanes sequentially to anthracycline-containing regimens. Nevertheless,
the neoadjuvant setting is an ideal platform for testing new regimens for non–cross-resistance to established
regimens and for identifying predictive factors for specific therapies. For the latter, multigene profiling has
produced some preliminary and exciting results that may lead to the better selection of patients for specific
treatment or that may suggest clues to more effective salvage therapies.
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INTRODUCTION
For most of the past century, the ‘Halstead theory’ of
the orderly spread of cancer cells dominated the choice
of therapy for breast cancer. However, such thinking
had been gradually replaced by the ‘systemic theory’,
which emphasises early distant spread. The best proof
for the latter process is probably the survival benefit
that is associated with the use of systemic adjuvant
chemotherapy (ACT), as demonstrated by the Early
Breast Cancer Trialists’ Group.1 The use of ACT after
surgery, especially of anthracycline-containing
regimens, has been shown to confer a survival benefit
of 15% to 35%, depending on age.2 According to recent
trials, the addition of taxanes may offer a further sur-
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vival advantage.3,4 These findings, plus the effective-
ness of multiagent chemotherapy in metastatic diseases,
have led to trials testing the use of chemotherapy be-
fore local treatment. This review summarises the litera-
ture on non-randomised and randomised clinical trials
on preoperative chemotherapy in breast cancer. The
frontier areas in which research is currently active will
also be discussed. Clinical recommendations are mostly
based on findings of mature clinical trials, but sugges-
tions will also be made regarding the direction of future
research.

PREOPERATIVE CHEMOTHERAPY
The term ‘preoperative chemotherapy’ (PCT) is pre-
ferred to ‘primary systemic therapy’, because the latter
term includes hormonal therapy, which targets a differ-
ent patient subgroup and has not been investigated
as intensively as chemotherapy. ‘Neoadjuvant chemo-
therapy’ has assumed a less important role than primary
systemic therapy. The role of PCT in improving sur-
vival outcome among patients with inflammatory car-
cinoma of the breast (i.e., acute clinical presentation with
erythema in a significant portion of the breast and con-
comitant oedema and ridging) has long been recognised5

and will not be discussed in this review.
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Trials investigating PCT were performed as early as dur-
ing the 1960s, but initially only in very locally advanced
diseases. Later, while still with the aim of providing a
surgical adjunct, PCT was used to increase the chance of
breast conservation. The effectiveness of chemotherapy
to increase survival when given postoperatively and in
advanced disease suggests that administering chemo-
therapy upfront to treat micrometastases confers a
survival benefit. Thus, outside the setting of clinical trials,
there has been a shift in trend, from using PCT for very
advanced or inflammatory cancers to using PCT for in-
creasingly smaller primary tumours. Properly designed
and conducted clinical trials of PCT can quickly answer
questions concerning the effectiveness of newer chemo-
therapeutic agents or the specific ways in which agents
are used. They can also test whether different chemo-
therapeutic agents are cross-resistant and the predictive
value of molecular markers.

However, the use of PCT in operable cancers, especially
outside clinical trials, demands judicious selection
of patients and agents, as well as meticulous patient
management and follow-up. These factors are important
because 15% to 30% of patients do not respond to treat-
ment and require alternative agents or surgery earlier than
planned before tumours become inoperable. Moreover,
initial diagnosis might be occasionally incorrect, espe-
cially when it was made after only needle aspiration.

CLINICAL TRIALS
Non-randomised Trials with Anthracyclines
Non-randomised trials using anthracycline-based regi-
mens have recruited between 25 and 532 patients, many
of whom have had an operable primary tumour larger
than 3 cm. Clinical and pathological complete remission
rates were 9% to 66% and 3.5% to 36%, respectively.
Reported breast conservation rates ranged from 27% to
94%. Table 1 shows representative phase II trials con-
ducted among Caucasian patients with anthracycline-
containing regimens that reported pathological complete
remission (pCR) rates.6-9

In Hong Kong, the practice of PCT in the past had gen-
erally been limited to locally advanced tumours. Hung

et al10 described a series of 17 patients treated in 1988
to 1997 in a regional hospital; the patients had T3/4
primary tumours with a mean diameter of 7.4 cm and
received oral cyclophosphamide, methotrexate, and
5-fluorouracil (CMF). The overall response rate was
71%, and 2 (12%) patients achieved a clinical complete
response (cCR); pCR was confirmed in 1 of these 2
patients, thereby giving a pCR rate of 5.9%. In 3 patients,
the tumour was downstaged sufficiently for the patient
to undergo breast conservation surgery. After a median
follow-up duration of 37 months, there were 7 relapses:
2 local, 4 local and distant, and 1 distant.

An unpublished series of 18 patients with tumours of a
median size of 8 cm, including 9 with ulcerated T4
tumours, were treated between 1999 and 2003 in the
Department of Clinical Oncology, Queen Elizabeth
Hospital, Hong Kong, with upfront 5-fluorouracil,
Adriamycin (doxorubicin), and cyclophosphamide
(FAC) [Breast Cancer Service and Study Group, De-
partment of Clinical Oncology, Queen Elizabeth
Hospital, unpublished data, 2005]. After a median
number of 4 cycles, the overall response rate was 56%
(10/18), with 2 cCRs (11%). Mastectomy was performed
for 14 patients, 1 of whom had no invasive tumour (pCR
rate, 5.6%). In the latter patient, who presented with an
8-cm primary tumour, only ductal carcinoma in situ was
found in the breast and no axillary node involvement
was found after PCT. Axillary dissection was performed
for 13 patients, 2 of whom were found to be free of
pathologically involved node (including the patient who
achieved pCR for the primary tumour). After a short
median follow-up duration of 20 months, 2 patients
showed distant relapse, 1 of which also had local relapse.
These 2 patients belonged to the clinical groups of
‘static disease’ and ‘partial response’, respectively. The
salient points are listed in Table 2.

Therefore, early-phase II trials of PCT that used
anthracycline-containing agents demonstrated the
chemoresponsiveness of moderately advanced local
disease, such that a substantial proportion of patients
could undergo breast conservation. Small local retro-
spective series of patients with much more advanced

Table 1. Representative phase II trials of preoperative chemotherapy.

Study Tumour stage (No. of patients) Regimen pCR (%)

Bonadonna et al6 Tumour >3 cm (161) 3-4 CMF, 3-4 FAC 3 FEC 4
Gardin et al7 Stage III (125) 3 FAC 3.5
Chollet et al8 Operable, high-risk (50) ACVF 30
Belembaogo et al9 Operable (126) AVCF, AVCMF 7

Abbreviations: pCR = pathological complete response; C = cyclophosphamide; M = methotrexate; F = 5-fluorouracil; A = Adriamycin; E = epirubicin; V = vincristine.
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disease showed a similar responsiveness, but the fol-
low-up period was too short to assess PCT on survival.

Non-randomised Trials with Taxanes
Few studies have examined single-agent effectiveness
of taxanes in PCT. Reported pCR rates for paclitaxel
in different schedules or docetaxel given every 3 weeks
range from 3% to 20%.11-13 Paclitaxel 135 to 200 mg/m2

every 3 weeks, with Adriamycin 60 to 75 mg/m2 or
epirubicin 75 to 90 mg/m2 for 3 to 6 cycles, achieved
pCR rates of 5% to 24%.14-23 Docetaxel 60 to 75 mg/m2

every 3 weeks, with Adriamycin 50 to 60 mg/m2 or
epirubicin 75 to 120 mg/m2 for 4 to 6 cycles, achieved
pCR rates of 5% to 33%.24-32 Some studies of PCT in
which taxanes were given concurrently with anthra-
cyclines are summarised in Table 3.11,13-17,19-22,24,25,28-30

The sequential administration of effective agents (rather
than concurrent administration, which limits the dose

that can be given owing to overlapping toxicities) and
dose-dense treatment are 2 novel concepts of chemo-
therapy in breast cancer. In the adjuvant setting, sequen-
tial administration of anthracycline followed by CMF
has a significant survival benefit compared with agents
given intermittently to high-risk patients with more than
3 nodes.33 On the other hand, dose-dense chemotherapy
at 2-week intervals with Adriamycin and cyclophospha-
mide (AC) and paclitaxel with granulocyte colony-
stimulating factor (G-CSF) support showed a signifi-
cant survival benefit in node-positive patients, with dose-
density being more important than the sequence in which
the drugs were given.34 High pCR rates (of up to 41%)
have been reported in trials using these concepts, with
the exception of that of Blohmer et al (Table 4).35-38

In that study,37 a 26% cCR rate and a 3% pCR rate were
reported among 26 patients who received epirubicin
120 mg/m2 for 3 cycles and docetaxel 100 mg/m2 every
2 weeks for another 3 cycles.

Other active agents that are useful for advanced breast
cancers have been added to taxanes and tested in small-
scale phase II trials (Table 5).39-49 Cisplatin has demon-
strated synergism when added to taxanes in several trials.
When paclitaxel (135 mg/m2 every 3 weeks for 3 to 4
cycles or 120 mg/m2 per week with G-CSF for 8 cycles)
was used with or without a circadian rhythm with cisplatin
(75 mg/m2 every 3 weeks or 30 mg/m2 weekly), pCR
rates of 16% to 24% were achieved.39-42 Some of these
patients had T4 or inflammatory cancers. When docetaxel
70 mg/m2 was added to cisplatin 70 mg/m2 every 3 weeks
for 4 cycles, Hurley et al43 found a 20% pCR rate
among 25 patients with locally advanced disease. When
gemcitabine was added to taxanes and epirubicin, 3
trials reported pCR rates of 22.7% to 25%.44-46

Trials have also studied patients with HER-2–positive
diseases, which are variously defined by different in-
vestigators as immunohistochemistry 2+ and 3+
diseases, or 3+ diseases only. Burstein et al47 reported
an 18% pCR rate for 40 tumours at stage II or III after
using trastuzumab at a loading dose of 4 mg/kg, then at
2 mg/kg for 11 weeks with paclitaxel 175 mg/m2 every
3 weeks. Administering weekly trastuzumab for 12 to
18 weeks and docetaxel 100 mg/m2 every 3 weeks or
60 mg/m2 every 2 weeks with vinorelbine 45 mg/m2,
Molucon et al48 and Limentani et al49 reported the high-
est pCR rates (37.5% and 42%, respectively) among all
PCT studies using taxanes. These trials were performed
on T2-3 N0-2 breast tumours and locally advanced
breast cancers, respectively.

Table 2. Unpublished data on use of preoperative chemotherapy
(PCT) at the Queen Elizabeth Hospital.

Variable Data

Period of retrospective series 1999-2003
Total No. of patients 18
Age (years) Median, 52

Range, 41-72
Clinical size of primary tumours Median, 8 cm

Range, 4-28 cm
No. of ulcerated tumours 9
Clinical nodal status Clinically non-palpable, 4

Mobile nodes, 8
Matted/fixed nodes, 6

No. of PCT cycles of FAC Median, 4
Mean, 4
Range, 3-6

Clinical response Complete response, 2
Partial response, 8
Static disease, 8

Treatment after PCT Surgery, 14 (all mastectomy)
No surgery, 4 (2 defaulted,
1 inoperable, 1 radiotherapy)

Pathology at operation DCIS only, 1
Invasive tumours, 13 (pT1-4,
pT2-5, pT3-3, pTx-1)
Node involvement:

pN0, 2
1-3 nodes involved, 2
>3 nodes involved, 9

Adjuvant chemotherapy Given in 13:
FAC, 7
Paclitaxel, 4
Others, 2

Not given in 1
Adjuvant radiotherapy Given in all 14
Relapses in operated patients Local, 1 (subsequent distant)

Distant, 1

Abbreviations: FAC = 5-fluorouracil, Adriamycin, cyclophosphamide; DCIS =
ductal carcinoma in situ.
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Thus, trials of taxanes alone or in combination with
anthracyclines show that high pCR rates (of up to 41%)
are achievable. The addition of other useful agents to
taxanes to treat breast cancer, notably trastuzumab in
HER-2–positive diseases, can also lead to high pCR rates
(of up to 42%).

Randomised Controlled Trials
Preoperative versus Postoperative Chemotherapy
Table 6 shows 6 randomised controlled trials of radio-
therapy or surgery as the definitive local treatment that
compared anthracycline-containing PCT regimens with
the same agents used postoperatively.20,50-54 Although
survival was not shown to be improved significantly
with the use of PCT in these trials, those surgical series
clearly showed that PCT downstaged tumours, thereby
allowing an increased proportion of patients to undergo
breast conservation.

The largest of these trials was the National Surgical
Adjuvant Breast and Bowel Project (NSABP) B18 trial,
which recruited more than 1500 patients with T1-3 N0-
1 tumours but without detectable distant metastases.54

Patients were randomised to receive 4 cycles of AC
before or after surgery. The cCR rate of patients

randomised to PCT was 36%, of whom 26% had a pCR.
The proportion of patients with no pathological nodal
involvement after PCT was significantly higher than the
proportion receiving chemotherapy only after surgery
(57% vs 41%). Furthermore, 12% more breast conser-
vations were performed in the PCT group. At the 9-
year follow-up, there was no difference in disease-free
survival (55% PCT vs 53% ACT) or overall survival
(69% PCT vs 70% ACT). Subgroup analysis showed
significant survival benefit but significantly more ipsi-
lateral breast cancer recurrences after breast conserva-
tion and PCT among patients aged 49 or younger. These
findings may be explained by the withholding of hor-
monal therapy among patients younger than 50 in this
study. Another important finding was that pathological
response to PCT was a predictor of survival: at 9 years,
overall survival of patients achieving a pCR was 85%,
compared with 73% of those who did not, and the
disease-free survival was 75% and 58%, respectively.

A recently published meta-analysis of 9 randomised
controlled trials comparing PCT with the same agents
used postoperatively showed no survival disadvantage
but significantly increased breast conservation rates with
the PCT approach.55 However, the meta-analysis also

Table 3. Phase II trials with taxanes with or without anthracyclines (only trials with >40 patients).

Study Tumour stage (No. of patients) Regimen pCR (%)

Dittrich et al11 T3-4 N0-3 (45) P 200-300 mg/m2, every 3 weeks x 4 na
Amat et al13 Stage II/III (88) D 100 mg/m2, every 3 weeks x 6 20
Moliterni et al14 Stage II/III (41) P 200 mg/m2, A 60 mg/m2, every 3 weeks x 4-6  5
Moliterni et al15 T2-3 N0-2 (41) P 200 mg/m2, A 60 mg/m2, every 3 weeks x 3  5
Pouillart et al16* T2-3 N0-1 (180) P 200 mg/m2, A 60 mg/m2, every 3 weeks x 4 (or AC x 4) 16
Anelli et al17 Stage IIIB (54) P 135-175 mg/m2, A 60 mg/m2, every 3 weeks x 3 16
Romieu et al19 Stage III (232) P 200 mg/m2, A 60 mg/m2, every 3 weeks x 4 or 6 17-24
Gianni et al20 T2-4 (270) P 200 mg/m2, A 60 mg/m2, every 3 weeks x 4, then CMF x 4 23
Ghilezan et al21 Stage IIB/IIIA (47) P 175 mg/m2, E 75 mg/m2, every 3 weeks x 5 19
Bellino et al22 Tumour >3 cm, T4 (48) P 200 mg/m2, E 90 mg/m2, every 3 weeks x 4 11.6
Von Minckwitz et al24 Tumour >2 cm, N0-2 (42) D 75 mg/m2, A 60 mg/m2, every 2-3 weeks x 4  5
Von Minckwitz et al25* Tumour >3 cm, N0-2 (250) D 75 mg/m2, A 60 mg/m2, every 2 weeks x 4 ± tamoxifen 10
Valero et al28 Stage III/IV (69) D 60 mg/m2, A 60 mg/m2, every 3 weeks x 4 12
Steger et al29 Tumour >2 cm (60) D 75 mg/m2, E 75 mg/m2, every 3 weeks x 4 16
Luporsi et al30* T2-4 (90) D 75 mg/m2, E 100 mg/m2, every 3 weeks x 6 (or FEC 100 x 5) 24

*Phase II randomised controlled trials.
Abbreviations: pCR = pathological complete response; P = paclitaxel; D = docetaxel; A = Adriamycin; CMF = cyclophosphamide, methotrexate, 5-fluorouracil;
E = epirubicin; FEC = 5-fluorouracil, epirubicin, cyclophosphamide; na = not applicable.

Table 4. Phase II studies involving taxanes given in dose-dense and sequential fashion with other agents.

Study Tumour stage Regimen pCR (%)
(No. of patients)

Ezzat et al35 LABC (22) A 90 mg/m2, then P 250 mg/m2, then C 3000 mg/m2, every 2 weeks x 3 41
Minton et al36 III (42) A 80 mg/m2, then D 100 mg/m2, every 2 weeks x 3 24
Blohmer et al37 T3-4 (26) E 120 mg/m2, then D 100 mg/m2, every 2 weeks x 3  3
Miller et al38 II/III (40) A 75 mg/m2, then D 100 mg/m2, every 2 weeks x 3 12.5

Abbreviations: pCR = pathological complete response; LABC = locally advanced breast cancer; A = Adriamycin; P = paclitaxel; C = cyclophosphamide; D =
docetaxel; E = epirubicin.
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showed that predominantly for tumours in which surgery
was spared, locoregional failure increased significantly.
Thus, it is prudent to recommend surgery even in cases
with an excellent response and wider margins in breast
conservation surgery in cases with a good response.

Addition of Taxanes to Anthracyclines
Three randomised controlled trials reported results of
adding taxanes sequentially to an anthracycline-
containing regimen (Table 7).56-58 The trial of the MD
Anderson Center, Texas, United States, was reported
by Buzdar et al in 1999 and updated in 2000.56 A total of
174 patients with T1-3 N0-1 breast cancer were randomised
to receive either 4 cycles of FAC or 4 cycles of paclitaxel

250 mg/m2 in 24-hour infusion every 3 weeks, followed
by surgery and 4 cycles of FAC postoperatively. The
cCR rates were 24% and 27%, respectively, and pCR rates
were 17% and 8%, respectively, thus showing a trend
favouring the FAC arm; however, the 4-year disease-
free survival favoured the paclitaxel group.

The Aberdeen Breast Group trial57 recruited 162 patients
between 1996 and 1998; primary tumours were larger
than 3 cm (mean, 4.85 cm) and patients received 4
cycles of cyclophosphamide, vincristine, Adriamycin,
and prednisolone (CVAP), after which the clinical
response was assessed. A total of 104 patients who
responded (clinical complete or partial remission) were

Table 7. Randomised controlled trials testing the benefit of adding a taxane to an anthracycline-containing regimen.

Study Tumour stage (No. of patients) Regimens pCR (%)

Buzdar et al56 T1-3 N0-1  (87 vs 87) Pt 250 mg/m2 every 3 weeks x 4, then S-4FAC,  8 vs 17
vs 4FAC, then S-4FAC

Smith et al57 Tumour >3 cm, T3, T4 (52 vs 52) 4CVAP, then D 100 mg/m2 every 3 weeks x 4, vs 8CVAP 31 vs 15
Bear et al58 T1-3 N0-1 (718 vs 1492) 4AC then 4D 100 mg/m2 every 3 weeks x 4, vs 4AC 26 vs 14

Abbreviations: pCR = pathological complete response; Pt = paclitaxel; S = surgery; FAC = 5-fluorouracil, Adriamycin, cyclophosphamide; AC = Adriamycin,
cyclophosphamide; CVAP = cyclophosphamide, vincristine, Adriamycin, prednisolone; D = docetaxel.

Table 6. Randomised controlled trials of preoperative chemotherapy versus the same regimen after definitive local therapy.

Study Tumour stage (No. of patients) Regimen pCR (%) Breast
conservation

rate (%)

Mauriac et al50 Operable tumour >3 cm (134 vs 138) EVM + MTV + RT, vs S + EVM + MTV 33 (cCR) -
Powles et al51 T1-2 N0-1 (105 vs 107) MT + RT + MT, vs RT + MT 10 -
Gianni et al20 Tumour >2 cm (total, 892) AT-CMF - 71 vs 31*
Scholl et al52 IIB/IIIA, 3-7 cm (total, 390) FAC - 82 vs 77
Van der Hage et al53 Tumour ≥1 cm (total, 698) FEC  3 37 vs 21
Wolmark et al54 T1-3 N0-2 (total, 423) AC 13 67 vs 60

*Significant difference. Abbreviations: pCR = pathological complete response; EVM = epirubicin, vincristine, methotrexate; MTV = mitomycin, thiotepa,
vinblastine; RT = radiotherapy; S = surgery; MT = methotrexate, mitoxantrone, mitomycin, tamoxifen; AT-CMF = Adriamycin, paclitaxel, cyclophosphamide,
methotrexate, 5-fluorouracil; AC = Adriamycin, cyclophosphamide; cCR = clinical complete response.

Table 5. Phase II studies involving taxanes in addition to other agents.

Study Tumour stage Regimen pCR (%)
(No. of patients)

Ezzat et al39 T2-4 (23) P 135 mg/m2, circadian, and C 75 mg/m2 every 3 weeks 20
Ezzat et al40 T3-4 (34) P 135 mg/m2 and C 75 mg/m2, every 3 weeks 24
Rahal et al41 LABC (122) P 135 mg/m2 and C 75 mg/m2, every 3 weeks 16
Buzzi et al42 T2-3 (24) C 30 mg/m2,  E 50 mg/m2, and  P 120 mg/m2, every week x 8 17
Hurley et al43 LABC (25) D 70 mg/m2, C 70 mg/m2, every 3 weeks x 4 20
Conte et al44 Stage II/IIIA (35) G 1000 mg/m2, days 1 and 8, E 90 mg/m2, day 1, P 175 mg/m2, 22.7

day 1; every 3 weeks x 4
Yardley et al45 T1c-T4d (34) G 800 mg/m2, days 1 and 8, D 30 mg/m2, days 1 and 8, E 75 mg/m2, 24

day 1; every 3 weeks x 4
Schneeweiss et al46 T2-3 (48) G 800 mg/m2, days 1 and 8, D 60 mg/m2, day 1, E 60 mg/m2, day 1; 25

every 3 weeks x 6 with escalation
Burstein et al47 Stage II/III (40) H 4 mg/kg then 2 mg/kg weekly x 11 P 175 mg/m2, every 3 weeks 18
Molucon et al48 T2-3 (27) H 4 mg/kg, weekly x 18 D 100 mg/m2, every 3 weeks x 6 37.5
Limentani et al49 Stage IIB-IV (20) H 4 mg/kg x1 then 2 mg/kg x 11 D 60 mg/m2 V 45 mg/m2, 42

every 2 weeks x 6

Abbreviations: pCR = pathological complete response; LABC = locally advanced breast cancer; P = paclitaxel; C = cisplatin; E = epirubicin; G = gemcitabine;
D = docetaxel; H = herceptin; V = vinorelbine.
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randomised to receive 4 more cycles of CVAP or
docetaxel 100 mg/m2 every 3 weeks. Fifty-five patients
who did not respond were given docetaxel. Patients
who responded to CVAP and then docetaxel achieved
significantly higher pCR rates than those who received
4 additional cycles of CVAP (31% vs 15%). The corre-
sponding 5-year disease-free survival rates were
90% and 72%, respectively (p = 0.04). In the 55 pa-
tients who did not respond to CVAP, switching to
docetaxel resulted in a cCR rate of 11%; 1 patient
achieved a pCR. In this series, 61% patients had oestro-
gen receptor–positive disease, but the use of tamoxifen
(especially if it was given concurrently with, or after
chemotherapy) was not mentioned.

The NSABP-B27 trial59 was designed to determine the
effect of adding docetaxel after 4 cycles of AC on the
disease-free survival; outcomes studied included con-
tralateral primary and secondary cancer, as well as over-
all survival of women with operable cancers. A total of
2411 patients were randomised to receive 4 cycles of
AC followed by surgery (group 1), 4 cycles of AC fol-
lowed by 4 cycles of docetaxel 100 mg/m2 followed by
surgery (group 2), or 4 cycles of AC followed by sur-
gery and then 4 cycles of docetaxel (group 3). An
intent-to-treat analysis of patient outcomes from each
of the treatment arms were reported in the 27th San
Antonio Breast Cancer Conference.58 Despite a doubling
of the pCR rates in group 2 (group 1 vs 2 vs 3, 12.8%
vs 26.1% vs 14.3%), the addition of docetaxel showed
only a trend towards improved disease-free survival.
When second primary cancers were not counted as an
end-point in determining relapse-free survival, there was
a significant improvement in patients given preoperative
docetaxel compared with 4 cycles of AC alone (hazard
ratio, 0.81; p = 0.03). It is noteworthy that in this trial,
all patients were given tamoxifen concurrently with
chemotherapy.

Scheduling of Taxanes
As shown by the high pCR rates of phase II trials using
more frequently scheduled paclitaxel, the drug is thought

to be highly schedule-dependent and needs to be given
in a dose-dense fashion. The Arbeitsgemeinschaft
Gynekologische study from Germany reported by Untch
et al60 recruited 475 patients with primary tumours of
more than 3 cm or with inflammatory carcinomas. Pa-
tients in the standard arm received a standard dose of
the 2 drugs given concurrently (epirubicin 90 mg/m2

and paclitaxel 175 mg/m2) every 3 weeks. The pCR rates
were higher for the dose-dense sequential administra-
tion of 3 cycles of epirubicin 150 mg/m2 every 2 weeks
followed by 3 cycles of paclitaxel 250 mg/m2 every 2
weeks with G-CSF support than for the standard
regimen (18% vs 10%). The rate of breast-conserving
surgery in the dose-dense sequential arm was also
higher than in the standard arm (66% vs 55%; Table 8).

Green et al61 reported a randomised controlled trial con-
sisting of 258 patients with T1-3 N0-1 disease. They gave
paclitaxel 80 mg/m2 weekly for 12 weeks for node-
negative disease or 150 mg/m2 weekly for node-positive
disease (with 1 week’s break after 3 weeks’ treatment,
for a total of 12 doses) followed by 4 cycles of FAC.
This regimen was compared with a standard schedule
of the drug (225 mg/m2 every 3 weeks) for 4 cycles
followed by 4 cycles of FAC. The pCR rates in groups
stratified by nodal status were doubled when the dose-
dense regimen was used (node-negative, 29.4% dose-
dense vs 13.4% standard schedule; node-positive, 28.0%
dose-dense vs 13.7% standard schedule) [Table 8].

Trials with Docetaxel
Because scheduling may be less important for docetaxel
than for paclitaxel, recent investigations have looked
into the sequential use of docetaxel compared with
other agents.57-59 The German GEPAR-TRIO group62 re-
ported their trial in the 26th San Antonio Breast Cancer
Conference. The trial enrolled 286 patients who received
2 cycles of docetaxel 75 mg/m2, Adriamycin 50 mg/m2,
cyclophosphamide 500 mg/m2 (TAC) every 3 weeks.
Patients who showed a response received 4 more
cycles of TAC; those not responding were randomly
assigned to receive 4 more cycles of TAC or 4 cycles

Table 8. Randomised controlled trials testing scheduling of taxanes.

Study Tumour stage (No. of patients) Regimens pCR (%)

Untch et al60 Tumour >3 cm, inflammatory (242 vs 233) E 150 mg/m2 and P 250 mg/m2 every 2 weeks x 3, 18 vs 10
vs E 90 mg/m2 and P 175 mg/m2 every 3 weeks x 4

Green et al61 T1-3 N0-1 (total, 258) P 80 mg/m2 weekly x 12 weeks (node -ve), or 29.4 (node -ve)
P 150 mg/m2 weekly x 12 weeks (node +ve) + 4FAC, 28.0 (node +ve) vs
vs P 225 mg/m2 every 3 weeks x 4 + 4 FAC 13.4 (node -ve)

13.7 (node +ve)

Abbreviations: pCR = pathological complete response; E = epirubicin; P = paclitaxel; FAC = 5-fluorouracil, Adriamycin, cyclophosphamide.
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of vinorelbine 25 mg/m2 on days 1 and 8 plus
capecitabine 2000 mg/m2 on days 1 to 14 every 3 weeks
(NX) for 4 cycles. The pCR rates were 23.0% for pa-
tients responding to 2 cycles of TAC, 7.3% for those
not responding but randomised to 4 more cycles of
TAC, and 3.1% for those not responding but randomised
to 4 NX. Because some patients responded after 2
cycles of treatment, they were offered the chance of
switching treatment, although the alternative NX regi-
men was not effective in salvaging the poor responders.

Von Minckwitz et al63 reported a subsequent trial to the
GEPAR-DUO study by comparing a dose-dense regi-
men of Adriamycin and docetaxel given every 2 weeks
for four cycles with a sequential schedule of standard-
dose Adriamycin plus cyclophosphamide every 3 weeks
followed by docetaxel for 4 cycles every 3 weeks. The
dose-dense regimen had the advantage of a much shorter
duration of 8 weeks versus 24 weeks in the standard
sequential arm. The study was closed before its target
accrual of 1000 patients, because there was a large
difference in the pCR rates. When reported in the 2002
American Society of Clinical Oncology meeting,63

the pCR rate was 11.5% in the dose-dense arm versus
22.4% in the standard arm.

Conclusions from Randomised Controlled Trials
Studies randomising patients to the same chemothera-
peutic agents (anthracycline with or without a taxane)
given before or after surgery (e.g., NSABP-B18 and
NSABP-B27 trials) have not found a significant sur-
vival benefit for preoperative chemotherapy. As shown
by the NSABP-B18 trial, however, breast conservation
associated with preoperative treatment significantly
increased, and ipsilateral breast recurrence increased in
the subgroup of patients younger than 50 years.54 The
addition of taxanes to anthracycline-based PCT,
disappointingly, did not translate the almost doubled
pCR rates into a significant increase in survival. Con-
cepts generated from phase II studies have inspired
some researchers to initiate randomised controlled
trials testing dose-dense or weekly paclitaxel with or
without sequential anthracycline, dose-dense docetaxel
with anthracycline, and other agents sequential to
taxane- and anthracycline-containing regimens.

DISCUSSION
Given the high antitumour activity of PCT, international
guidelines support this approach for the treatment of
most stages of breast cancer, despite the absence of de-
finitive data showing survival benefit. Indeed, the United

States National Comprehensive Cancer Network 2005
guidelines on invasive breast cancer management
accept PCT as an alternative treatment strategy for all
T2-3 N0-2 tumours.64 A recently published meta-
analysis of randomised controlled trials comparing
PCT to the same agents used postoperatively showed
no survival disadvantages but significantly increased
breast conservation rates with the PCT approach, thereby
further encouraging the use of PCT.55

Despite demonstrating a doubling of the pCR rate, the
NSABP-B27 trial showed that the addition of docetaxel
to an anthracycline-containing regimen did not signifi-
cantly improve disease-free or overall survival. This
finding joins the so-far negative results of PCT for over-
all survival of the NSABP-B18 trial, which did not use
a taxane, and the Aberdeen trial, which involved a much
smaller number of patients.59 Notably, the patients in
these trials had only moderately poor prognoses (e.g.,
in the NSABP-B18 trial, about 70% had node-negative
tumours, >65% had primaries of <4 cm, 74% had node-
negative tumours, and 87% had primaries of <5 cm).
Furthermore, treatment was given to patients who had
a mixture of prognostic factors — for example, in terms
of oestrogen receptor status, progesterone receptor
status, and HER-2 status. Results of these trials there-
fore cannot exclude the possible survival benefit of PCT
in more selected patients, such as those with a poorer
prognosis or diseases that are more sensitive to the treat-
ment given. Hence, proper patient selection should be
built into the new generation of trials when more infor-
mation on prognostic and predictive factors is available.

Currently, the only evidence-based clinical indications
of PCT are the treatment of inoperable tumours and the
provision of adjunctive treatment to locally operable
tumours. In the latter situation, the intention may be to
increase the ease of operation on a locally advanced
tumour by preoperatively debulking the tumour, or to
increase the likelihood of breast conservation in a
moderately large primary tumour when the patient
strongly desires breast-conserving surgery. When the
aim is tumour shrinkage to raise the chance for breast
conservation, the increased likelihood of ipsilateral
recurrence as shown by Wolmark et al54 should be dis-
cussed with the patient. Because shrinkage of tumours
with PCT may not occur centrifugally and may leave
tumour islands scattered among the former tumour
volume, the extent of the original tumour before PCT
must be clearly ascertained and followed throughout
therapy with imaging techniques.
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In addition, a larger margin should be taken at the
subsequent lumpectomy to minimise local recurrence.
Important prognostic information, such as pre-PCT
nodal status, should also not be missed because it pro-
vides important guidance to the choice of risk-adapted
postsurgery adjuvant systemic therapy. For these
reasons, it might not be advisable to give PCT with the
primary aim of transforming mastectomy to breast-
conserving surgery for initial primary tumours of stage
T2 or higher.

Although no optimal PCT regimen has emerged and
international guidelines are imprecise in their re-
commendation (e.g., the National Comprehensive
Cancer Network guidelines refer to them as “regimens
that are effective as adjuvant treatment”64), there is
sufficient evidence to justify starting treatment with
an anthracycline-containing regimen for a minimum
of 3 to 4 cycles. Additional cycles may be considered
for responding patients to maximise response. There is
increasing evidence that the additional use of taxanes
— especially for poor responders to first-line therapy
— increases response rates, but the patient must be moni-
tored closely for progression, which may lead to
inoperability. However, the evidence of using PCT that
primarily aims at early treatment of micrometastases to
gain a survival benefit is currently lacking; other than
in trial settings, its use should be reserved for relatively
early cancers except.

Many recent and ongoing studies focus on investigat-
ing which regimens have higher pCR rates, because
many previous studies have proved that this end-point
is the best surrogate for survival.54,57-59 Some investiga-
tions use dose-dense or weekly taxanes and combina-
tions of taxanes and platinum salts with or without
trastuzumab.39-49,60,61 However, the selection of appro-
priate patients for such intensive treatment that offers
them a high probability of achieving pCR is also vitally
important. In fact, PCT is itself an ideal platform and
quick tool for assessing clinical and pathological pre-
dictive factors, and these factors should be used in fu-
ture studies to gauge patient stratification or as inclu-
sion and exclusion criteria.

Discoveries have also recently been made at the mo-
lecular level. Gene expression profiles have been
studied that can possibly guide treatment recommenda-
tion in the adjuvant setting.65 Similarly, Chang et al66

reported a 78% predicted accuracy (and a 100% posi-
tive predictive value) for pCR to neoadjuvant paclitaxel

with 5-fluorouracil, doxorubicin, and cyclophospha-
mide chemotherapy in breast cancer. After PCT using
docetaxel alone, the same researchers identified a
subpopulation of cells in the residual tumour that ex-
pressed genes involved in arrest of the cell cycle at G2-
M and in survival pathways, as well as the mammalian
target of rapamycin (sirolimus).67 The gene products may
provide therapeutic targets that could lead to improved
outcome. These exciting findings will require careful
confirmation and randomised controlled trials to com-
pare the same chemotherapy before and after surgery.

Finally, to improve the efficacy of PCT, new regimens
that are not cross-resistant to presently available ones
— namely, anthracycline- and taxane-containing regi-
mens — need to be identified. Surrogate markers are
also needed for the early assessment of response to first-
line treatment so that early switching to a non–cross-
resistant regimen is possible, should the first-line treat-
ment prove ineffective. In the GEPAR-TRIO study,62

early clinical assessment to first-line treatment with
a docetaxel-containing regimen correctly identified
the ultimate good and poor responders, but the salvage
regimen of vinorelbine and capecitabine was not
effective enough.
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