
© Gland Surgery. All rights reserved.   Gland Surg 2018;7(6):560-575gs.amegroups.com

Introduction

Primary systemic therapy (PST) refers to the use of 
preoperative chemotherapy, endocrine therapy and/
or targeted therapy in the treatment of localized breast 
cancer. Other commonly used terms include preoperative 
systemic therapy, neoadjuvant therapy, induction therapy or 
downstaging therapy, all of which are used interchangeably 
in clinical practice (1).

First generation PST trials sought to determine if 
chemotherapy administered prior to surgery could increase 
the rate of breast conserving surgery, reduce the incidence 

of positive axillary nodes, as well as improve disease free 
and overall survival compared to the same chemotherapy 
administered after surgery (2-10). While these trials failed 
to demonstrate disease free or overall survival benefit 
with PST compared to adjuvant systemic therapy (AST) 
(11,12), rates of breast conservation were increased 
(2,6,12). In addition, the observation that patients who 
achieved pathologic complete response (pCR) after PST 
had improved long term survival outcomes compared to 
those with residual disease (3,4,6) has led to the adoption 
of pCR as the primary endpoint in the majority of 
subsequent PST trials.
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Although successive generations of PST trials have 
demonstrated improvements in pCR rates with the optimal 
use of anthracyclines, taxanes and targeted agents, the 
corresponding improvement in breast conservation rates 
has been inconsistent across trials. 

This article will review the evolution of PST, the impact 
of various therapeutic agents and schedules on pCR, breast 
conservation rates and risk of local recurrence.

History of PST

The biological basis for PST can be traced to preclinical 
models in the 1960s which showed that surgical removal 
of a primary tumour was associated with increased tumour 
growth at metastatic sites compared to controls in which 
primary tumours remained intact (13). Subsequent animal 
experiments showed that maximum suppression of tumour 
proliferation at metastatic sites could be achieved with 
chemotherapy given prior to surgical removal of the 
primary tumour compared to administration after surgery, 
raising hopes that PST could potentially improve patient 
survival compared to AST (14).

In the 1970s and 1980s, PST either alone or sequentially 
with radiotherapy was shown to result in high clinical 
response rates ranging from 70–90% (15,16), establishing 
its role as a standard treatment to achieve operability in 
locally advanced breast cancer.

In the 1990s, the indication for PST was expanded to 
include operable early breast cancers larger than 3–5 cm 
with the aim of achieving breast conservation. This was 
based on the observed high rate of clinical response and 
successful conversion from mastectomy to breast conserving 
surgery ranging from 80–90% in small single arm studies 
(17,18). A further evolution has been the application of PST 
to reduce the extent of surgery with the aim of improving 
cosmesis in existing candidates for breast conservation (19).

More recently, PST can now allow a subset of patients 
with clinically positive axillary nodes to be spared the 
morbidity of axillary dissection (20). About 40–45% of 
patients are down-staged from clinically node positive 
disease to ypN0 after PST (2,21,22), and sentinel lymph 
node biopsy has been found to be feasible in this scenario in 
carefully selected patients (21,22). 

In addition to the surgical benefit of PST in terms of 
downstaging of disease, it has been recognised since the 
1980s that PST offers a unique opportunity to measure 
tumour response as a test of real time in-vivo sensitivity 
to various systemic therapies (23). From a research 

viewpoint, this allows for the design of correlative studies 
for the development of predictive biomarkers. Clinically, 
this permits discontinuation of ineffective therapy. More 
recently, the use of non-cross resistant adjuvant therapy for 
patients with residual disease despite optimal PST has been 
shown to improve disease free and overall survival in HER2 
negative early breast cancer (24). 

A key observation across virtually all randomized trials 
of PST is that patients who achieve complete pCR have 
significantly improved disease free and overall survival 
compared to patients who do not achieve pCR, especially in 
triple negative breast cancer, HER2 positive breast cancer 
and high grade ER positive breast cancer (3-5,25-28). This 
has led to the adoption of pCR as the primary endpoint 
in comparative studies evaluating the efficacy of various 
neoadjuvant chemotherapy regimens. Indeed, the 2014 US 
Food and Drug Administration guidance for industry on 
the use of pCR as an endpoint for accelerated approval of 
neoadjuvant therapeutic agents in high risk early stage breast 
cancer accepts that a novel agent that produces a marked 
absolute increase in pCR rate compared with standard 
therapy may be reasonably likely to result in long-term 
improvements in event free or overall survival (FDA) (29).  
This enables comparative trials of therapeutic agents with 
much fewer patient numbers and with determination of 
outcomes in a much shorter time frame measured in months 
compared to adjuvant studies which typically require 5 years 
of follow-up for definitive conclusions.

Definition of pCR has historically varied across different 
clinical trials but uniformity has been achieved in recent 
years. Eradication of invasive disease in the breast and 
lymph nodes (ypT0/isN0) as well as eradication of all 
disease including in-situ carcinoma (ypT0N0) are both 
better associated with event free survival (EFS) and overall 
survival (OS) than eradication of disease from breast alone 
(ypT0). Association with EFS and OS are similar for both 
ypT0N0 and ypT0/isN0, the latter being the most widely 
adopted definition of pCR (27,28).

First generation PST studies

Large randomized clinical trials which compared modern 
day polychemotherapy regimens in the PST setting to the 
adjuvant setting are summarized in Table 1.

These studies reported high clinical response rates 
between 49% and 82% (2-10). The pCR rates ranged 
from 3.7% to 20% and absence of estrogen receptor 
expression was found to be significantly associated with 
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the increased probability of pCR (6). Axillary downstaging 
occurred in approximately 20% of patients in the NSABP 
B18 and ECTO trials, and breast conserving surgery was 
significantly increased in the PST arm of both trials (67% 
vs. 60%, P=0.02 and 65% vs. 34%, P<0.001, respectively) 
(2-6). 

Within individual trials, local and regional recurrence 
rates are similar for PST compared to AST. In the subgroup 
of patients who became eligible for breast conserving 
surgery as a result of tumour downstaging from PST, 
results are conflicting. In the NSABP B18 trial comparing 
pre vs. postoperative doxorubicin cyclophosphamide (AC) 
documented a higher rate of ipsilateral breast cancer 
recurrence among patients who were converted from 
planned mastectomy to lumpectomy after PST compared to 
those who proceeded to lumpectomy as planned followed by 
AST (15.6% vs. 9.9%, P=0.04). This higher recurrence risk 
can be attributed partly to differences in the age distribution 
between the 2 groups (recurrence rate P value 0.14 after 
adjusting for age differences) (4). This contrasts with the 
EORTC 10902 study (7,8) which showed no differences 
in locoregional recurrence rates between patients who 
underwent lumpectomy in the postoperative chemotherapy 
group, patients who converted from mastectomy to 
lumpectomy as a result of PST and also patients who were 
eligible for lumpectomy prior to chemotherapy (overall P 
value 0.97).

In the Early Breast Cancer Trialists Collaborative Group 
metanalysis of individual patient data from trials comparing 
PST versus AST, an increase in the rate of local recurrence 
was noted in patients who received PST (12). The 15 year 
local recurrence was 21.4% for PST vs. 15·9% for adjuvant 
chemotherapy [rate ratio (RR) =1.37; 95% CI: 1.17–
1.61; P=0.0001]. The absolute increase in 10-year local 
recurrence with NACT was largest in the two trials (10,30) 
in which, after PST, many women did not have breast 
surgery (33.7% for PST vs. 20.4% for AST; RR =1.62; 95% 
CI: 1.20–2.19; P=0.002). Excluding these 2 studies, the 
absolute increase in 10 year local recurrence was smaller 
but still statistically significant (difference 3.2%; 95% CI: 
0.6–5.8; 15.1% vs. 11.9%; RR =1.28; 95% CI: 1.06–1.55; 
P=0.01). The rate ratio for local recurrence comparing PST 
versus AST was higher in women who were planned to have 
mastectomy (1.66; 95% CI: 1.24–2.21) compared to women 
who were planned to undergo breast conserving surgery 
(1.14; 95% CI: 0.86–1.52), suggesting that the increase in 
local recurrence could potentially be attributed to the use of 
breast conserving surgery among patient initially allocated 
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to mastectomy but converted to breast conserving surgery 
after PST.

Nonetheless, these trials provide reassurance that 
the efficacy of chemotherapy regimens in improving 
disease free and overall survival when administered in 
the adjuvant setting is not compromised when the same 
regimen is administered preoperatively. An outlier to this 
is ABCSG-07 (9), which compared 3 cycles of preoperative 
versus postoperative cyclophosphamide methotrexate 
5-fluorouracil (CMF) and found inferior recurrence free 
survival in patients randomized to the PST. Possible 
explanations for this include a chance finding, given that 
no formal statistical plan for sample size calculations were 
provided and the trial accrual took 9 years to complete; as 
well as the low activity of preoperative CMF given for only 
3 cycles. 

Second generation PST trials

Second generation PST trials evaluated the role of taxanes 
(either paclitaxel or docetaxel) and the optimization of 
chemotherapy intensity and schedules and are summarized 
in Tables 2,3.

The Aberdeen (32-34) and NSABP B27 trials (25,31) 
studied the addition of docetaxel sequentially after 
anthracycline while the Institute Curie (35) and Anglo-
Celtic Cooperative Oncology Group (36) used a concurrent 
anthracycline taxane strategy.

In the NSABP B27 trial, compared to doxorubicin 
cyclophosphamide (AC) alone, preoperative AC followed 
by docetaxel (D) significantly increased the clinical response 
rate (40.1% vs. 63.6%; P<0.001), the overall clinical 
response rate (85.5% vs. 90.7%; P<0.001), the proportion 
of patients with negative axillary nodes (50.8% vs. 58.2%; 
P<0.001) and pCR rate (13.7% vs. 26.1%; P<0.001). 
However, the rate of breast conservation was not increased 
(61.6% vs. 63.7%; P=0.33). This was postulated to be due 
to only a modest increase in clinical objective response from 
85.7% to 90.7% with the addition of preoperative docetaxel. 
In addition, the reasons for performing mastectomy versus 
breast conserving surgery was not formally collected in the 
trial and could have been due to reasons other than surgical 
factors. There was an association between clinical complete 
response (cCR) and breast conserving surgery, in that more 
patients with cCR underwent lumpectomies (70.2%) than 
those without cCR (55.8%). This was also the case for pCR 
(71.4% lumpectomy) versus non pCR (60.3% lumpectomy).

With long term follow-up, the incidence of local T
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recurrence was significantly reduced with preoperative 
AC followed by D (4.7%) or preoperative AC followed 
by adjuvant D (5.5%) compared to preoperative AC alone 
(8.5%); P=0.0034.

Disappointingly, the addition of either pre- or post-
operative docetaxel did not improve DFS or OS. The 
primary reason for this has been postulated to be due to the 
anticipated 2–3% improvement in DFS with a doubling 
of pCR rate from 13% to 26%, a difference which would 
require a much larger trial to detect.

The Aberdeen trial (32-34) is a much smaller clinical 
trial (n=104) which randomized patients with clinical partial 
or complete response after 4 cycles of anthracycline based 
therapy (CVAP) to continuation of the same regimen for 
4 additional cycles or a switch to 4 cycles of docetaxel. In 
contrast to NSABP B27, switching to docetaxel increased 
the rate of breast conserving surgery as well as disease 
free and overall survival. Because of the small size of the 
Aberdeen trial, these findings will need to be confirmed in a 
larger study.

While NSABP B-27 and Aberdeen trials established 
a benefit from adding sequential taxanes to preoperative 
anthracyclines, the Anglo-Celtic Cooperative Oncology 
Group trial showed no benefit of concurrent doxorubicin 
docetaxel (AD) for 6 cycles compared to AC for 6 cycles 
in terms of clinical response rate, pCR rate, locoregional 
recurrence rate and long term survival outcomes (36). In a 
similarly designed Institut Curie trial comparing doxorubicin 
paclitaxel (AT) for 4 cycles to AC for 4 cycles, there was a 
numerical improvement in clinical objective response, pCR 
rate and breast conservation rate but not disease free survival. 
As this was a small parallel group non comparative trial, 
definitive conclusions cannot be drawn (35). 

Preoperative sequential AC followed by D was formally 
compared to concurrent AD in the GeparDuo trial (37,38), 
which showed an improvement in clinical response rate 
(85.0% vs. 75.2%; P=0.001), pCR rate (14.3% vs. 7.0%; 
P<0.001) and successful breast conservation rate (63.4% 
vs. 58.1%; P=0.05) favouring the sequential approach. 
Taken together with results of the Anglo-Celtic trial, the 
sequential administration of optimal doses of AC followed 
by D results in improved pCR compared to the combination 
of AD which results in reduced dose intensities of A and D.

Optimal scheduling of paclitaxel was studied in an 
MD Anderson trial which compared paclitaxel every  
3 weeks for 4 cycles followed by 5-fluorouracil Adriamycin 
cyclophosphamide (FAC) for 4 cycles to weekly paclitaxel 
for 12 weeks followed by the same FAC for 4 cycles (44). 

Clinical response rate was similar but pCR was increased 
with weekly paclitaxel (28.2% vs. 15.7%; P=0.02). Breast 
conservation rate was also increased (47% vs. 38%; P=0.05). 
In addition, there was a numerical increase in axillary ypN0 
(69% vs. 53%, P value not provided).

A number of second generation PST trials have examined 
the impact of dose intensification and dose density on pCR 
rates and disease free survival. 

T h e  E O RT C / N C I C / S A K K  t r i a l  c o m p a r e d 
cyclophosphamide epirubicin 5-fluorouracil (CEF) every  
4 weeks for 6 cycles versus epirubicin cyclophosphamide 
every 2 weeks for 6 cycles to achieve higher dose density 
but the same cumulative anthracycline dose (42). This study 
showed that increasing epirubicin dose intensity beyond 
CEF does not improve clinical response, pCR rate or 
disease free or overall survival.

AGO-1 trial (39) compared conventionally dosed 
combination epirubicin paclitaxel every 3 weeks for  
4 cycles to dose dense, dose intensified sequential 
epirubicin for 4 cycles followed by paclitaxel for 4 cycles. 
All patients received 3 cycles of adjuvant cyclophosphamide 
methotrexate 5-fluorouracil (CMF) after surgery. pCR rate 
was improved (12% vs. 6%; P=0.011) in the dose intensified 
dose dense arm which translated into an improvement in 
DFS (70% vs. 59%; P=0.011) and overall survival (83% vs. 
77%; P=0.041). There was no impact on breast conservation 
rates and axillary downstaging.

Contrasting with the results of AGO-1, the PREPARE 
trial (40,41) compared conventional sequential epirubicin 
for 4 cycles followed by paclitaxel for 4 cycles (Ex4→Tx4) 
with dose intensified dose dense sequential epirubicin 
for 3 cycles, paclitaxel for 3 cycles then CMF for 3 cycles 
(dddiEx3→dddiTx3→CMFx3). pCR rate was increased 
but this did not translate into a survival benefit. Breast 
conservation and axillary downstaging rates were not 
improved. The difference in survival outcomes between 
AGO-1 and PREPARE may have been contributed by the 
use of darbepoetin alpha in the latter study, which had a 
negative impact on overall survival but not on pCR rate. 

Overa l l ,  both  AGO-1 and  PREPARE prov ide 
supporting evidence for dose dense and sequential rather 
than concurrent anthracycline taxane approach in the 
neoadjuvant setting.

In terms of duration of therapy, ABCDG 14 (43) 
compared 3 vs. 6 cycles of preoperative epirubicin paclitaxel 
(ET). Extending treatment to 6 cycles resulted in increased 
pCR rate (15.9% vs. 4.9%; P=0.0121), breast conserving 
surgery rate (47% vs. 38%, P=0.05) and axillary ypN0 rate 
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(69% vs. 53%, P value not provided).
The concept of response guided therapy (switching to 

a potentially non cross-resistant regimen in patients who 
do not respond to initial PST and intensifying therapy in 
responding patients) was tested in the GeparTrio study 
(45-47). Patients with no clinical response after 2 cycles 
of neoadjuvant docetaxel Adriamycin cyclophosphamide 
(TAC) were randomized to either continuation of TAC 
for 4 cycles or switch to vinorelbine capecitabine for  
4 cycles (NX). Switching to NX did not increase the rate of 
clinical response, pCR or breast conservation. For patients 
with initial partial or complete clinical response to 2 cycles 
of TAC, 6 further cycles of TAC versus 4 cycles of TAC 
improved clinical response rate but not pCR or breast 
conservation. In an exploratory analysis, switching to NX 
in patients with early non response to TAC and extending 
TAC from 6 to 8 cycles in responding patients was 
associated with improvement in disease free survival (47).

Third generation PST trials involving specific 
breast cancer subtypes/targeted therapy

Her2 positive breast cancer

HER2 gene amplification is found in 20–25% of breast 
cancers, leading to HER protein overexpression and 
development of an aggressive clinical course with shortened 
disease free and overall survival (48). PST trials involving 
HER2 positive breast cancer are summarized in Table 4.

The MD Anderson (51,52) and NOAH (49,50) trials 
randomized patients with HER2 positive breast cancer to 
receive anthracycline and taxane containing PST alone or 
with trastuzumab, a humanized anti-HER2 monoclonal 
antibody. Both studies reported high clinical response rates 
with chemotherapy trastuzumab combination (87–96%). 
pCR rates were higher with the addition of trastuzumab 
(MD Anderson trial 65.2% vs. 26%, P=0.016 and NOAH 
Trial 38% vs. 19%; P=0.001) as was disease free survival 
(MD Anderson 100% vs. 85.3%; P=0.041 and NOAH trial 
65% vs. 47%; P=0.012). Interestingly, despite significantly 
increased cCR and pCR rates with chemotherapy plus 
trastuzumab, breast conserving surgery rate was not 
increased in the MD Anderson trial (and not reported in 
the NOAH trial). This was attributed to patient preference 
and persistent abnormalities on imaging despite cCR on 
physical examination.

The activity of chemotherapy plus trastuzumab has been 
further confirmed in the GeparQuattro (53) and TECHNO (54) 

trials, both of which demonstrated high clinical response 
rates (81.3% and 83%, respectively), pCR rates (40% and 
38.7%, respectively), breast conservation rates (63.1% 
and 65%, respectively) and rates of ypN0 (70% and 70%, 
respectively). In the TECHNO trials, tumours which 
were both estrogen and progesterone receptor negative 
had higher pCR rate than those which were estrogen or 
progesterone receptor positive (43.5% vs. 23.4%; P<0.001).

A large number of trials (55-61) have evaluated the role 
of lapatinib, an oral small molecule tyrosine kinase inhibitor 
of both epidermal growth factor receptor and HER2. 
These studies compared preoperative chemotherapy in 
combination with either lapatinib or trastuzumab or dual 
anti-HER2 blockade using the combination of trastuzumab 
and lapatinib. In general, these studies showed that pCR 
rates are lower with chemotherapy plus lapatinib compared 
with chemotherapy plus trastuzumab, reaching the level 
of statistical significance in the GeparQuinto trial (55). 
The combination of chemotherapy plus dual anti-HER2 
blockade using trastuzumab and lapatinib showed clinical 
response rates between 80.2–90.8% and pCR rates between 
46.7–60.2%. In both the NEOALTTO (57) and CALGB 
40601 (59) trials, pCR rates were higher in hormone 
receptor negative tumours compared to hormone receptor 
positive tumours. Despite higher rates of pCR, there was no 
statistical increase in the rates of breast conserving surgery 
compared to chemotherapy plus lapatinib or chemotherapy 
plus trastuzumab. For example, in the NEOALTTO trial, 
pCR rate and ypN0 rate were increased for chemotherapy 
plus dual anti-HER2 therapy versus chemotherapy plus 
trastuzumab (46.8% vs. 27.7%; P=0.0007 and 73% vs. 
58.6%; P=0.0115, respectively), but the rate of breast 
conserving surgery was not different (41.4% vs. 38.9%; P 
value not significant). The impact of PST on eligibility and 
frequency of breast conserving surgery in HER2 positive 
breast cancer was explored in the CALGB 40601 surgical 
companion study (60). 59% of patients in this trial were 
deemed to be ineligible for breast conserving surgery. PST 
was able to convert 43% of these patients from ineligible 
to eligible, increasing the overall proportion of patients 
deemed eligible for breast conserving surgery from 41% 
to 64%. Despite this increase in the proportion of eligible 
patients, only 40% of patients in the trial eventually 
underwent breast conserving surgery. While this could have 
been due to patient and surgeon choice or preference, 44% 
of patients deemed ineligible for breast conserving surgery 
were actually found to have pCR at the time of surgery, 
suggesting the lack of optimal use of radiologic assessment 
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to determine suitability for breast conservation. 
Neoadjuvant dual anti-HER2 blockade has also been 

explored using trastuzumab plus pertuzumab, a monoclonal 
antibody which binds to domain II of the HER2 receptor. 
In the NEOSPHERE trial (62,63), pCR rate for the 
combination of docetaxel trastuzumab pertuzumab was 
45.8% versus 29.0% for docetaxel trastuzumab (P=0.0141). 
Disease free survival was numerically higher in the 
docetaxel plus dual anti-HER2 arm but did not reach 
statistical significance given the small sample size. In the 
TRYPHAENA trial (64,65), pCR rates were similar with 
FEC plus trastuzumab pertuzumab followed by docetaxel 
plus trastuzumab pertuzumab (56.1%) vs. FEC alone 
followed by docetaxel plus trastuzumab pertuzumab (54.6%) 
vs. a non-anthracycline containing combination of docetaxel 
carboplatin concurrent with trastuzumab and pertuzumab 
(63.6%). 

Triple negative breast cancer

Approximately 10–20% of breast cancers are hormone 
receptor and HER2 negative and are referred to as triple 
negative breast cancers. They tend to be clinically aggressive 
and share similar morphologic and molecular features as basal 
like cancers as defined by gene expression profiling (66). Due 
to the morphologic and immunohistochemical similarity 
between sporadic triple negative breast cancer, basal like 
breast cancer as well as BRCA1 mutated breast cancer, it has 
been postulated that sporadic triple negative breast cancer 
may harbour defects in homologous recombination and 
hence may be susceptible to DNA cross linking compounds 
such as platinums (67).

This hypothesis has been tested in a number of trials 
comparing anthracycline and taxane based PST with or 
without carboplatin (68-74) (Table 5). In these studies, pCR 
in the carboplatin plus chemotherapy ranged between 
45.9% and 54%, representing an increase of 10.5–25% 
compared to the chemotherapy alone arms. In the 
GeparSixto trial (68,69), this translated into a disease free 
survival benefit with the addition of carboplatin (85.8% 
vs. 76.1%, P=0.035). In contrast, disease free survival was 
numerically higher in the carboplatin arm of CALGB 
40603 (76.5% vs. 71%) but this did not reach statistical 
significance (70-72). The reasons for this discordance is 
unclear but could be due to the small sample size of both 
studies, differing proportion of node positive patients, 
difference in carboplatin dose and cyclophosphamide 
exposure in CALGB 40603. T
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The impact of PST on breast conservation was explored 
in a surgical companion study to CALGB 40603 (71). In 
this study, 42% of patients were not eligible for breast 
conserving surgery at baseline. After PST, the proportion of 
patients eligible for breast conservation increased from 54% 
to 68%. Conversion from breast conservation ineligible 
to eligible was consistent with pCR, such that conversion 
rates were numerically higher among patients who received 
carboplatin or bevacizumab or both in addition to standard 
PST compared to patients who received standard PST 
alone. Despite conversion to breast conservation eligibility, 
31% of these patients chose to have mastectomy, as such the 
rates of breast conserving surgery was the same in patients 
randomized to carboplatin or not, despite higher pCR 
rates with the former. These findings are consistent with 
the results of a recent meta-analysis which failed to find an 
association between pCR and breast conservation rate (75).

Neoadjuvant endocrine therapy

The majority of preoperative endocrine therapy trials has 
been conducted in postmenopausal women with hormone 
receptor positive breast cancer (76-80) and is summarized in 
Table 6.

pCR rates are low with preoperative endocrine therapy 
and these trials have focused instead on other endpoints 
such as clinical response, breast conservation rates and 
Ki67 index, an immunohistochemical measure of cellular 
proliferation which has been found to correlate with 
treatment efficacy and prognosis. In the IMPACT trial 
comparing preoperative anastrozole, tamoxifen or the 
combination in postmenopausal women with hormone 
receptor positive breast cancer, greater geometric mean 
suppression of Ki67 was seen with anastrozole compared 
with tamoxifen or the combination. Higher Ki67 level after 
2 weeks of preoperative endocrine therapy was associated 
with lower recurrence free survival (81,82).

In a meta-analysis of 4 randomized trials (IMPACT, 
P024, PROACT and Exemestane versus Tamoxifen), 
preoperative aromatase inhibitors were found to be more 
effective than tamoxifen in terms of clinical objective 
response (RR =1.29; 95% CI: 1.14–1.47; P<0.001), 
ultrasound objective response (RR =1.29; 95% CI:  
1.10–1.51; P=0.002) and breast conserving surgery rate  
(RR =1.36; 95% CI: 1.16–1.59; P<0.001) (83). The 
efficacy of preoperative aromatase inhibitors was further 
confirmed in the ACOSOG Z1031 randomized phase II 
trial comparing anastrozole, letrozole and exemestane in a T
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cohort of patients deemed to be of borderline suitability for 
breast conserving surgery or suitable only for mastectomy 
(79). All 3 drugs showed similar high rates of objective 
response (62.9–74.8%) and breast conservation rate (60.8–
76.9%).

In terms of optimal duration of preoperative endocrine 
therapy, a retrospective study showed that prolonging 
treatment beyond 3 months increased objective clinical 
response from 69.8% to 83.5% and breast conservation 
rate from 60% to 80% (84). Based on this, international 
guidelines recommend that the duration of preoperative 
endocrine therapy should be at least 3–4 months (85). 

Summary and conclusions

PST has been shown to achieve high clinical response 
rates ranging from 49% to 82% in first generation trials. 
Although PST does not improve disease free or overall 
survival compared to AST, the rate of breast conserving 
surgery and proportion of patients with negative axillary 
nodes are increased with PST compared to upfront 
surgery. Conversely, the risk of local recurrence is increased 
with PST when surgery is omitted in patients with good 
clinical response or when patients are converted from 
planned mastectomy to breast conserving surgery after 
PST, although these data were derived in the era before 
the availability of taxanes and targeted therapy. Careful 
preoperative evaluation and assessment of surgical margins 
in patients who have received PST may mitigate this risk.

The pCR is an important surrogate endpoint for 
improved disease free and overall survival, except in low 
grade hormone receptor positive breast cancer. Although 
multiple PST trials have found that patients with pCR 
have improved survival outcomes compared to those with 
non pCR, it has been difficult to demonstrate that drugs 
which increase pCR rate lead to improvements in survival 
outcomes compared to the control drug. It is postulated 
that large sample sizes and marked increments in pCR are 
needed to demonstrate such a benefit.

The addition of taxanes to anthracyclines increases 
pCR rates and reduces the risk of local recurrence. In the 
PST setting, taxanes should be administered sequentially 
rather than concurrently with anthracyclines and weekly 
paclitaxel is superior to 3 weekly paclitaxel. Adapting PST 
to treatment response may be associated with improved 
survival outcomes, and the use of capecitabine as adjuvant 
therapy improves disease free and overall survival in patients 
with HER2 negative breast cancer who do not achieve pCR 
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after anthracycline and taxane based PST.
Despite the dramatic improvements in pCR rates 

seen with the advent of taxanes, single and dual anti-
HER2 targeted therapy in HER2 positive breast cancer 
and platinums in triple negative breast cancer, there has 
not been a corresponding increment in the rate of breast 
conservation. This has been attributed to various factors 
such as tumour location, multicentricity, inability to predict 
pCR during preoperative assessment as well as physician 
and/or patient perception and preference.

Preoperative endocrine therapy is a feasible option in 
postmenopausal hormone receptor positive breast cancer. 
Aromatase inhibitors are superior too tamoxifen and high 
clinical response rates and breast conservation rates can be 
achieved with at least 3 to 4 months of therapy.
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