Neoadjuvant Chemotherapy

Increasing Relevance in Cancer Management
Edited by Maurie M. Markman

NEOADJUVANT
CHEMOTHERAPY INCREASING RELEVANCE
IN CANCER
MANAGEMENT
Edited by Maurie M. Markman

Neoadjuvant Chemotherapy - Increasing Relevance in Cancer Management
http://dx.doi.org/10.5772/56655
Edited by Maurie M. Markman
Contributors
Vladimir Semiglazov, Katia Hiromoto Koga, Sonia Marta Moriguchi, Gilberto Uemura, José Ricardo Rodrigues,
Eduardo Carvalho Pessoa, Gustavo Zucca Matthes, Dilma Morita, Suebwong Chuthapisith, Suthinee Ithimakin,
Jasmeet Singh, Amy Tiersten, Jong-Sup Park, Sung-Jong Lee, Maurie Markman
© The Editor(s) and the Author(s) 2013
The moral rights of the and the author(s) have been asserted.
All rights to the book as a whole are reserved by INTECH. The book as a whole (compilation) cannot be reproduced,
distributed or used for commercial or non-commercial purposes without INTECH’s written permission.
Enquiries concerning the use of the book should be directed to INTECH rights and permissions department
(permissions@intechopen.com).
Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons Attribution 3.0
Unported License which permits commercial use, distribution and reproduction of the individual chapters, provided
the original author(s) and source publication are appropriately acknowledged. If so indicated, certain images may not
be included under the Creative Commons license. In such cases users will need to obtain permission from the license
holder to reproduce the material. More details and guidelines concerning content reuse and adaptation can be
foundat http://www.intechopen.com/copyright-policy.html.
Notice
Statements and opinions expressed in the chapters are these of the individual contributors and not necessarily those
of the editors or publisher. No responsibility is accepted for the accuracy of information contained in the published
chapters. The publisher assumes no responsibility for any damage or injury to persons or property arising out of the
use of any materials, instructions, methods or ideas contained in the book.
First published in Croatia, 2013 by INTECH d.o.o.
eBook (PDF) Published by IN TECH d.o.o.
Place and year of publication of eBook (PDF): Rijeka, 2019.
IntechOpen is the global imprint of IN TECH d.o.o.
Printed in Croatia
Legal deposit, Croatia: National and University Library in Zagreb
Additional hard and PDF copies can be obtained from orders@intechopen.com
Neoadjuvant Chemotherapy - Increasing Relevance in Cancer Management
Edited by Maurie M. Markman
p. cm.
ISBN 978-953-51-1139-9
eBook (PDF) ISBN 978-953-51-7154-6

We are IntechOpen,
the world’s leading publisher of
Open Access books
Built by scientists, for scientists

4,200+ 116,000+ 125M+
Open access books available

151

International authors and editors

Our authors are among the

Countries delivered to

Top 1%
most cited scientists

Downloads

12.2%

Contributors from top 500 universities

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com
Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Meet the editor
Dr. Maurie Markman is Senior Vice President for Clinical Affairs and National Director for Medical Oncology
at Cancer Treatment Centers of America. He is also a
Clinical Professor of Medicine at the Drexel University
College of Medicine. Dr. Markman’s clinical and research interests are in the area of gynecologic malignancies and specifically the development of novel treatment
strategies for ovarian cancer. Prior to joining Cancer Treatment Centers
of America in 2010, Dr. Markman served as Vice President for Clinical
Research at the MD Anderson Cancer Center in Houston, Texas.

Contents

Preface XI
Section 1

Neoadjuvant Chemotherapy of Breast Cancer 1

Chapter 1

Neoadjuvant (Preoperative) Therapy in Breast Cancer 3
Vladimir F. Semiglazov and Vladislav V. Semiglazov

Chapter 2

Monitoring the Response to Neoadjuvant Chemotherapy in
Breast Cancer 25
Katia Hiromoto Koga, Sonia Marta Moriguchi, Gilberto Uemura,
José Ricardo Rodrigues, Eduardo Carvalho Pessoa, Angelo Gustavo
Zucca Matthes and Dilma Mariko Morita

Chapter 3

Neoadjuvant Chemotherapy for Breast Cancer 49
Suthinee Ithimakin and Suebwong Chuthapisith

Chapter 4

Neoadjuvant Chemotherapy: Role in Breast Cancer 63
Jasmeet Chadha Singh and Amy Tiersten

Section 2

Neoadjuvant Chemotherapy of Other Malignancies 81

Chapter 5

Rationale for Neoadjuvant Chemotherapy in the Management
of Malignant Disease 83
Maurie Markman

Chapter 6

Neoadjuvant Chemotherapy for Cervical Cancer: Rationale and
Evolving Data 87
Sung-Jong Lee, Jin-Hwi Kim, Joo-Hee Yoon, Keun-Ho Lee, DongChoon Park, Chan-Joo Kim, Soo-Young Hur, Tae-Chul Park, SeogNyeon Bae and Jong-Sup Park

X

Contents

Chapter 7

Neoadjuvant Chemotherapy in the Management of Advanced
Ovarian Cancer and Primary Cancer of the Peritoneum:
Rationale and Results 99
Maurie Markman

Preface
Neoadjuvant chemotherapy is not a new concept in cancer management. It has long been
recognized that a subgroup of patients with advanced local (e.g., breast cancer) or regional
(e.g., ovarian cancer) malignant disease would not be able to undergo definitive treatment to
control the primary lesion. By delivering chemotherapy first it was hoped local control would
subsequently be able to be accomplished.
A second category of patients felt to be candidates for a neoadjuvant treatment approach
included individuals with significant co-morbid medical conditions (e.g., cardiac history)
where it was believed to not be possible to undertake the extensive surgery required to con‐
trol the local disease process due to the severity of the underlying non-malignant illness.
For example, there is a relatively a long history of the primary administration of chemother‐
apy to patients with extensive ovarian cancer where the surgeon felt the extent of the sur‐
gery would be problematic in view of an individual patient’s baseline cardiac status.
However, assuming an excellent response to chemotherapy, with an accompanying reduc‐
tion in ascites and pleural effusions, surgery was felt to be able to be successfully and safely
undertaken in many such patients.
However, over the past decade there has been increasing evidence that not only is neoadju‐
vant chemotherapy an option in some patients with extensive local or regional disease, or
where an individual patient’s medical status prevents a primary surgical approach, but in
some settings it has become the preferred option based on the results of solid evidence-based
phase 3 randomized trials.
The general justification for employing a primary neoadjuvant chemotherapeutic approach
in several malignancies include: (a) the availability of highly biologically and clinically ac‐
tive anti-neoplastic agents; (b) the presence of significant volume local or regional disease
making definitive local control difficult if not impossible in the absence of a substantial re‐
duction in the tumor volume; (c) and the desire to minimize the extent of surgery while not
reducing the opportunity for the most favorable survival outcome for the individual patient.
In the chapters of this excellent text, the authors have described advances in the neoadjuvant
chemotherapeutic management of a number of tumor types. Based on the extensive experi‐
ence with this management concept in breast cancer, several chapters are devoted to this
important topic (Section 1). Section 2 deals with the administration of neoadjuvant chemo‐
therapy in non-breast malignancies.
Those who read and study the content of the chapters that follow will come away with a far
greater understanding of the rationale supporting neoadjuvant chemotherapy, the existing
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evidence-based data regarding its use, limitations of the approach, and required future in‐
vestigative efforts to learn how to optimize the benefits of this innovative management
concept.

Maurie Markman, M.D.
Senior Vice President for Clinical Affairs, Cancer Treatment Centers of America
Clinical Professor of Medicine, Drexel University College of Medicine, USA

Section 1

Neoadjuvant Chemotherapy of Breast Cancer

Chapter 1

Neoadjuvant (Preoperative) Therapy in Breast Cancer
Vladimir F. Semiglazov and Vladislav V. Semiglazov
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/53122

1. Introduction
Locally advanced breast cancer (LABC) occurs at presentation in approximately 20-25% of
breast cancer patients worldwide, but significantly less in countries with implemented
screening programs. LABC refers to large operable (stage IIB, IIIA) or inoperable (stage IIIB,
IIIC) tumors, including inflammatory breast cancer. Patients with ipsilateral supraclavicular
lymph node involvement previously considered as having metastatic disease are now also
included in the category of LABC (stage IIIC). Treatment of LABC has evolved within recent
decades. For a long time, mastectomy remained the mainstay of treatment in this group of
patients, but long-term local control was disappointingly low, with approximately 50% local
recurrences (LR) and only 2% 5-year overall survival (OS). Implementation of postoperative
radiotherapy increased local control and survival, but long-term outcomes remained unsat‐
isfactory (35-55% LR and 25-45% five-year OS). Incorporating systemic therapy (be it chemo‐
therapy, hormonal therapy or both) as an adjunct to surgery and/or radiotherapy further
improved results. Currently, a combination of systemic therapy with locoregional treatment
(surgery and/or radiotherapy) constitutes the standard of care in LABC patients since im‐
proving locoregional control is associated with better survival. In patients with stage III
breast cancer treated with induction chemotherapy followed by surgery, radiotherapy or a
combination thereof, the risk of loco regional recurrence is in the range of 20%. The use of
induction systemic therapy results in tumor downstaging, and in selected LABC patients
even allows for breast conserving surgery (BCS). However, the safety and efficacy of this ap‐
proach in LABC have not been verified in randomized studies. Even though locoregional
management is an important component of multimodality treatment in patients with LABC,
the pattern of local management and factors influencing local treatment strategy in this
group are not well recognized (Sinacki et al., 2011). Neoadjuvant therapy is recommended
not only for locally advanced and inflammatory breast cancer but also as an option for pri‐
mary operable disease without compromising long-term outcome (Untch et al., 2011).
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2. Neoadjuvant systemic therapy
2.1. Neoadjuvant chemotherapy
Patients presenting with locally advanced primary breast cancer (LAPC) are a heterogene‐
ous group with variable outcomes with regard to local recurrence rates and survival. There
is no standard or international agreement on the definition of this type of breast cancer, but
one commonly used clinical staging includes patients with large primary tumours greater
than 5 cm (T3) or with fixed skin or chest involvement (T4), and/or fixed axillary (N2) or ip‐
silateral internal mammary lymph node involvement (Mathew et al., 2008). According to
TNM staging system proposed by the American Joint Committee on Cancer (AJCC), all of
stage III disease is therefore considered locally advanced, as is a subset of stage IIB (T3N0).
In addition, inflammatory breast cancer (T4d), with its distinct clinical presentation and
worse prognosis, is included within the scope of locally advanced disease. Although the
TNM system is not as widely used in some countries, it is generally accepted that locally ad‐
vanced breast cancers represent those cancers that are difficult to resect with primary sur‐
gery either because of their size or extension to chest wall or skin or involvement of regional
axillary lymph nodes. Compared to patients with operable primary breast cancer, patients
with LAPC are at significantly higher risk of local recurrence and distant metastases and
have a worse overall survival; UK figures show that patients with stage II disease have a 10year survival rate of just under 60%, whereas this is approximately 30% for patients with
stage III disease (Mathew et al., 2008).
With the widespread use of breast cancer screening, breast cancers are increasingly being di‐
agnosed at an earlier stage. Because of this, patients with locally advanced breast cancer are
less commonly seen than before. Nevertheless, there remains a group of patients who either
because they do not seek advice earlier or because the tumour is more aggressive, present
with locally advanced disease. Data from the American National Cancer Institute’s Surveil‐
lance, Epidemiology, and End Results (SEER) program show that 7% of all breast cancer pa‐
tients have stage III disease at diagnosis, although this percentage is less than 5% in the
screening population. Despite this, patients with LAPC still present a significant clinical
problem and exemplify a subgroup of patients where a multidisciplinary approach is partic‐
ularly important to outcome.
Initially, an aggressive single modality, local therapy approach, was commonly advocated
for the treatment of patients with LAPC, either in the form of radical surgery or radiothera‐
py. This often provided temporary local control, although on follow-up of these patients, the
morbidity and recurrence rates were high and survival poor. Multimodal approach is now
an established option in most patients with LAPC, especially oestrogen receptor (ER) nega‐
tive tumours or aggressive ER positive tumours (e.g. some inflammatory cancers). This in‐
cludes the combination of surgery and radiotherapy for local control and systemic therapy,
usually chemotherapy +/ - hormone therapy. For others, such as those with strongly hor‐
mone receptor positive tumours, local treatments (i.e. surgery +/- radiotherapy) plus endo‐
crine therapy or even primary endocrine therapy may be appropriate options. This may for
example be the case in many elderly patients, some of who are medically unfit for surgery.
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A large number of studies have assessed the use of neoadjuvant chemotherapy in operable
primary breast cancer. Although the results in operable breast cancers suggest that the
breast conserving rates can be increased, survival is no different when compared to post-op‐
erative adjuvant chemotherapy. However, patients with LAPC often have inoperable dis‐
ease at diagnosis and the main goal of neoadjuvant treatment is to achieve resectability,
either in the form of standard mastectomy or breast-conserving surgery. Furthermore, the
clinical and histological response to neoadjuvant chemotherapy has been shown to be im‐
portant predictors of recurrence and survival in studies of operable breast cancer. Neoadju‐
vant chemotherapy (NACT) in operable invasive breast cancer (OIBC) has been shown to
increase breast conservation surgery (BCS) (Cebrecos et al., 2010). However, chemoresistant
and multi focal tumours still require a mastectomy. As a consequence, today global manage‐
ment of these patients may include a breast reconstruction (Monrigal et al., 2011)
2.2. Definition and impact of pathologic complete response on prognosis after
neoadjuvant therapy
Neoadjuvant chemotherapy represents an option for patients with early breast cancer when
an indication for chemotherapy is given. Phathologic complete response (pCR) has predict‐
ed long-term outcome in several neoadjuvant studies and is therefore a potential surrogate
marker for survival. However, selected trials comparing different neoadjuvant regimens
have failed to demonstrate an association between pCR rate and improved outcome (von
Minckwitz et al., 2012)
Methodologic limitations are likely to be the reason for this unexpected discrepancy. First,
no standardized definition for pCR exists. Some trials have applied the pCR definition to the
breast tumor only, whereas others have included the axillary nodes. Furthermore, some
studies have included the presence of focal invasive cancer or noninvasive cancer residuals
in their pCR definition whereas others have defined pCR as the complete eradication of all
invasive and noninvasive cancer. Second, incidence and prognostic impact of pCR vary
among breast cancer-intrinsic subtypes. For example, although patients with luminal A
breast cancer show a low pCR rate, their overall prognosis is favorable, whereas patients
with triple-negative (TN) breasi cancer show a high pCR rate but have an unfavorable out‐
come (von Minckwitz et al., 2012). Including all intrinsic subtypes might therefore attenuate
the prognostic information of pCR.
Pathologic complete response (pCR) defined as no invasive and no in situ residuals in breast
and nodes can best discriminate between patients with favorable and unfavorable outcomes.
Patients with noninvasive or focal-invasive residues or involved lymph nodes should not be
considered as having achieved pCR. pCR is a suitable surrogate end point for patients with
luminal B/HER2-negative, HER2-positive (nonluminal), and triple-negative disease but not
for those with luminal B/HER2-positive or luminal A tumors (von Minckwitz et al., 2012).
This is, to the best of our knowledge, the first individual patient- based pooled analysis ana‐
lyzing different pCR definitions for their prognostic impact on survival of patients with
breast cancer treated with neoadjuvant anthracycline-taxane-based chemotherapy. The large
patient collective included sufficient subpopulations with small residual disease volume (eg,
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noninvasive residuals only, focal-invasive disease < 5 mm, or no invasive tumor in the
breast but involved lymph nodes). Over the last decades, these subpopulations have fre‐
quently been considered to have achieved pCR. However, (von Minckwitz et al., 2012) show
that these subpopulations have an increased risk of relapse and sometimes of death as well
compared with the group of patients with stage ypT0 ypN0 breast cancer. pCR restricted to
this stage showed the lowest adjusted HR for DFS and OS compared with the other defini‐
tions (Schott et al., 2012; von Minckwitz et al., 2012) further demonsfrate that in subgroups
considered to have slowly proliferating tumors, pCR is not associated with prognosis,
whereas in subgroups with highly proliferating tumors, pCR can discriminate between pa‐
tients with good and poor prognosis accurately. The recently proposed clinicopathologic
definition of the St Gallen panel nicely recognizes these subgroups. In fact, prognostic im‐
pact of pCR is highest in HER2-positive (nonluminal) and TN tumors, where patients ach‐
ieving pCR show a prognosis comparable to that of patients with luminal A tumors.
Surprisingly, pCR was not prognostic in the luminal B/HER2positive subgroup irrespective
of trastuzumab treatment. In this subgroup, pCR rates were low, despite concomitant antiHER2 therapies, but similar outcomes were observed in the adjuvant trastuzumab studies.
In the research setting, Schott and Hayes (2012) recommend that neoadjuvant trials that are
testing classic cytotoxic drugs with pCR as the primary end point should enroll only pa‐
tients with ER-negative or highly proliferative tumors, given that these are the patients for
whom pCR is shown to have prognostic value. In these instances, every body adoption of a
uniform definition of pCR, which is substantially clarified by the data from von Minckwitz
et al (2012). Uniform definitions for concepts such as pathologic complete response (pCP)
can provide a framework for reporting clinical trial results in a coherent manner.
2.3. Neoadjuvant endocrine therapy
Duration of neoadjuvant hormonal treatment for breast cancer in most studies was 3-6
months. The few studies that investigated prolonged treatment with neoadjuvant endocrine
therapy suggest that a further reduction in tumour size can be achieved and that even sur‐
gery can be withheld for elderly women on continuing hormonal treatment. However, the
optimum duration of neoadjuvant endocrine therapy has to be established. For many years,
primary systemic (neoadjuvant) therapy has been given before local treatment for women
with locally advanced breast cancer in an effort to make such disease operable. Chemothera‐
py has been the mainstay of this approach, but more recently neoadjuvant endocrine thera‐
py has emerged as an attractive alternative in post-menopausal women with large hormone
receptor positive breast cancers. A number of randomized trials (like P024, IMPACT, PRO‐
ACT) have compared various aromatase inhibitors directly with tamoxifen. An important
endpoint in each of these studies has been the rate at which breast conservation has been
achieved. The presence of steroid hormone receptors (ER and/or PR) are target for endocrine
therapy. Preoperative chemotherapy may be less effective in postmenopausal patients with
ER-positive and/or PR-positive tumors at least with respect to doxorubicin-containing or
taxane-containing regimens. Pathological complete response (pCR) rates after chemotherapy
were significantly higher among patients with tumors that were both ER-negative and PR-
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negative compared with patients whose tumors had any (even low) expression of steroid
hormone receptors (Colleoni et al. 2004, 2008). In the ECTO I trial, pCR after neoadjuvant
chemotherapy was observed in 42% of women with ER22 negative tumors, compared with
12% in the ER-positive group (Gianni et al. 2009). In the NSABP B-27 study, ER-negative tu‐
mors had higher rates of pCR than ER-positive tumors when treated with neoadjuvant AC,
as well as when treated with AC followed by docetaxel (Bear et al., 2006). Before our trial
there were few, if any, direct comparisons of primary neoadjuvant endocrine therapy with
primary neoadjuvant chemotherapy in patients with hormone-responsive breast cancer.
This was an open-label, randomized phase 2 trial of once-daily endocrine therapy (exemes‐
tane or anastrozole) or chemotherapy (doxorubicin and paclitaxel, every 3 week for 4 cycles)
in postmenopausal women with primary ER-positive breast cancer. A total of 239 patients
with ER-positive and/or PgR-positive breast cancer (T2N1-2, T3N0-1, T4N0M0) were ran‐
domly assigned to receive neoadjuvant endocrine therapy (ET) [anastrazole 1 mg/day or ex‐
emestane 25 mg/day for 3 months, 121 patients] or chemotherapy (CT) [doxorubicin 60
mg/m2 with paclitaxel 200 mg/m2, four 3-week cycles, 118 patients]. All patients were con‐
sidered to be ineligible for breast-conserving surgery (BCS) at enrollment. After BCS all pa‐
tients received radiotherapy (50 Gy in 25 fractions). The median follow-up time was 5.6
years.
The primary efficacy end point was already reported (Semiglazov et al., 2007). Overall re‐
sponse (OR=CR+PR) was similar in the endocrine therapy group (65.5%) compared with
chemotherapy group (63.6%; p>0.5). Interim analysis of this trial showed similar objective
response in patients who were receiving exemestane and in patients who were receiving
anastrazole. It allowed us to review and to analyze dates on all patients who were receiving
aromatase inhibitors in the endocrine therapy group. There was a trend toward higher over‐
all rates of OR and breast-conserving surgery among patients with tumors expressing high
levels of ER (Allred score ≥6) in the endocrine therapy compared with the chemotherapy
group (43% vs 24%, p=0.054).
After completing neoadjuvant treatment, 31 patients (13%) did not undergo surgical resec‐
tion: 12.3% of patients who were receiving endocrine therapy and 13.5% of patients who
were receiving chemotherapy. Twenty-two patients did not receive surgery because of dis‐
ease progression. These patients were switched to the other study therapy: patients initially
treated with endocrine therapy received chemotherapy, and patients treated with chemo‐
therapy received endocrine therapy. Progressive disease was observed in 9% of patients
who were receiving endocrine therapy and 9% of patients who were receiving chemothera‐
py (P>0.5). Stable disease was seen in 21% of patients who were receiving endocrine treat‐
ment and 26% of patients who were receiving chemotherapy.
Analysis of BCS rates according to pretreatment characteristics showed a non-significant
trend towards increased BCS in patients with clinical stage T2, ER+/PgR+, 70 years and older
(p=0.054- 0.088) receiving neoadjuvant endocrine therapy.
The rate of BCS was particularly marked in patients receiving endocrine therapy, who ach‐
ieved a clinical response. There was no significant difference between endocrine therapy
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(ET) and chemotherapy (CT) relative to the incidence of locoregional recurrences and dis‐
tant metastases (8.2% and 7.6%, p=0.99; 14.8% and 15.2%, p=0.83, respectively). There was no
significant difference in DFS through 5 years of follow up between the 121 patients who re‐
ceived neoadjuvant endocrine therapy and 118 women who received chemotherapy: 71.0%
and 67.7% (p>0.5). After a median follow up of 5.6 years 35 events had been reported in the
endocrine group (24 in 66 patients who underwent mastectomy and 11 in 40 patients who
underwent BCS). 5-year DFS was 63.6% after mastectomy and 72.5% after BCS (p=0.076).
The incidence of commonly reported adverse events was higher in patients receiving che‐
motherapy. No serious adverse events were reported in patients receiving endocrine thera‐
py. Six patients receiving chemotherapy experienced febrile neutropenia leading to
treatment interruption. No deaths occurred during the preoperative therapy. Our trial has
shown that preoperartive endocrine therapy with aromatase inhibitors offers the same rate
of overall objective response, breast-conserving surgery, 5-years DFS as chemotherapy in
postmenopausal patients with ER-positive tumors. The frequency of adverse events was
higher among patients who were receiving chemotherapy. Endocrine treatment was well
tolerated. Preoperative endocrine therapy with aromatase inhibitors is a reasonable alterna‐
tive to preoperative chemotherapy for postmenopausal women with ER35 positive disease
in clinical situation in which the low toxicity of the regimen is considered an advantage. Ac‐
cording St.Gallen recommendation (Goldhirsch et al., 2009) neoadjuvant endocrine therapy
without chemotherapy was considered reasonable for postmenopausal patients with strong‐
ly receptor-positive disease. If used, such treatment should be considered for a duration of
5-8 months or until maximum tumour response.
2.4. Neoadjuvant therapy in HER2+ breast cancer
Amplification or overexpression, or both, of human epidermal growth factor receptor-2
(HER2, also known as ERBB2), a transmembrane receptor tyrosine kinase, is present in
around 22% of early breast cancers, 35% of locally advanced and metastatic tumours, and
40% of inflammatory breast cancers, and is associated with aggressive disease and poor
prognosis (Ross et al., 2009). Patients with HER2-positive locally advanced or inflammatory
breast cancer are therefore in particular need of effective treatment. Trastuzumab (Hercep‐
tin, Roche, Basel, Switzerland), a recombinant humanized monoclonal antibody that targets
HER2, has efficacy as monotherapy (Baselga et al., 2005) and improves results of chemother‐
apy in patients with HER2-positive metastatic (Slamon et al., 2001; Marty et al., 2005) and
early operable breast cancer (Smith et al., 2007; Romond et al., 2005; Slamon et al., 2005). It is
widely approved for use as monotherapy and in combination with chemotherapy or hor‐
mone therapy in these patients, but not specifically in those with locally advanced or inflam‐
matory breast cancer. In a pilot study, anthracycline and paclitaxel were successfully
combined with trastuzumab in patients with metastastic disease (Bianchi et al., 2003). To re‐
duce the risk of cardiac toxic effects, only three cycles of doxorubicin were given in the pilot
study, which corresponds to a cumulative dose of 180 mg per m2 of body surface area
(Gianni et al., 2009). No patient developed symptomatic cardiac dysfunction, although four
patients (of 16) had reversible asymptomatic decreases in left ventricular ejection fraction to
50% or lower.

Neoadjuvant (Preoperative) Therapy in Breast Cancer
http://dx.doi.org/10.5772/53122

The neoadjuvant Herceptin (NOAH) study was designed to assess efficacy of neoadjuvant
chemotherapy with trastuzumab followed by adjuvant trastuzumab versus neoadjuvant
chemotherapy alone in patients with HER2-positive locally advanced or inflammatory
breast cancer. The NOAH study randomized 228 patients with centrally confirmed HER2+
locally advanced breast cancer to a chemotherapy regimen consisting of 3 cycles of doxoru‐
bicin plus paclitaxel (AT); 4 cycles of paclitaxel (T); and 3 cycles of cyclophosphamide, me‐
thotrexate, and fluorouracil (CMF), with and without trastuzumab. The addition of
trastuzumab significantly improved overall response rate (81% vs 73%, P =0. 18) and pCR
rates (43% vs 23%, P =0,002) (Gianni et al., 2010).
The primary objective was to compare event-free survival, which was defined as time from
randomization to disease recurrence or progression (local, regional, distant, or contralateral)
or death from any cause, in patients with HER2-positive disease treated with and without
trastuzumab.
Trastuzumab significantly improved event-free survival in patients with HER2-positive
breast cancer (3-year event-free survival 71% [95% CI 61-78; n=36 events] with trastuzumab,
vs 56% [46-65; n-51 events] without; hazard ratio 0.59 [95% CI 0-38-0-90]; p-0.013). Trastuzu‐
mab was well tolerated and, despite concurrent administration with doxorubicin, only two
patients (2%) developed symptomatic cardiac failure. Both responded to cardiac drugs. The
results of the NOAH study have shown that in patients with HER2-positive locally ad‐
vanced or inflammatory breast cancer, addition of 1 year of trastuzumab (starting as neoad‐
juvant and continuing as adjuvant therapy) to neoadjuvant chemotherapy improved overall
response rates, almost doubled rates of pathological complete response, and reduced risk of
relapse, progression, or death compared with patients who did not receive trastuzumab. In‐
vestigators recorded a benefit of trastuzumab in all 1 subgroups tested,including women
with inflammatory disease (27% of HER2- positive patients) who benefited substantially
from trastuzumab (Baselga et al., 2005; Semiglazov et al., 2011)
The results of the NOAH study consolidate those of other studies of trastuzumab in the neo‐
adjuvant setting. In these mainly non-randomised studies, pathological complete response
rates (variously defined) ranged from 17% to 73%, and were better than they were in histori‐
cal' or concurrent HER2-negative controls (Gluck et al., 2008; Untch et al., 2008). One rando‐
mised trial in patients with operable non-inflammatory disease was stopped early when the
pathological complete response rate in the trastuzumab group was more than twice as high
as that of the control group (65% vs 26%) (Buzdar et al., 2005). Patient numbers in this study
were small, but preliminary results from another randomized study also show a doubling in
pathological complete response rate in the trastuzumab group. These response rates to pri‐
mary systemic therapy are a surrogate for relapse-free and overall survival in patients who
were unselected for HER2 status.
Despite concurrent use of doxorubicin, paclitaxel, and trastuzumab in the NOAH trial, inci‐
dence of symptomatic cardiac failure was low (<2%) and less than was expected (2.8- 4.1%)
on the basis of adjuvant trials in which trastuzumab was given concurrently with paclitaxel
after completion of doxorubicin and when trastuzumab was given as monotherapy after
completion of a range of cytotoxic regimens (2%). These findings support the accumulating
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evidence that trastuzumab can be given concurrently with anthracyclines with a low fre‐
quency of symptomatic cardiac dysfunction, provided that low cumulative doses or less car‐
diotoxic anthracyclines are used, and careful cardiac monitoring is done.
The addition of trastuzumab to neoadjuvant sequential anthracycline-taxane chemotherapy
(with and without capecitabine) was also investigated in the phase III GeparQuattro study,
and led to a doubling of pCR rates (31.8% vs 15.4%, P <0.001) (Von Minckwitz et al., 2008).
With the emergence of lapatinib (Tykerb), a dual tyrosine kinase inhibitor against HER1 and
HER2, the CALGB is conducting a randomized phase III trial to evaluate paclitaxel with
trastuzumab or lapatinib, or both in the preoperative setting. Several other trials are ongoing
to evaluate these 2 drugs in the neoadjuvant setting, including Neo-ALTTO (Neoadjuvant
Lapatinib and/or Trastuzumab Treatment Optimization) in phase III and CHERLOB in
phase II.
Trastuzumab (H) in combination with chemotherapy improves outcomes in patients with
HER2-positive breast cancer and is integral to the standards of care for these patients. How‐
ever, in some patients disease progression still occurs. Pertuzumab (P) and trastuzumab (H)
target different epitopes of HER2, and their use in combination has demonstrated improve‐
ment in response rates. NEOSPHERE study (Gianni et al., 2011) assessed the efficacy and
safety of pertuzumab added to trastuzumab-based neoadjuvant chemotherapy in women
with HER2-positive operable, locally advanced/inflammatory breast cancer who had not re‐
ceived prior cancer therapy.
Patients (n = 417) with HER2-positive (IHC3+ or IHC2+ and FISH/CISH+) breast cancer were
randomized 1:1:1:1 to receive 4 neoadjuvant cycles of docetaxel (T) plus H, THP, HP or TP.
Pertuzumab (P) was given at a loading dose of 840 mg and 420 mg maintenance, trastuzu‐
mab (H) at a loading dose of 8mg/kg and 6 mg/kg maintenance, and docetaxel (T) at 75
mg/m2 with escalation to 100 mg/m2 if tolerated in a 3weekly schedule. The primary end‐
point was pCR in the breast.
About 40% of patients had locally advanced/inflammatory breast cancer and approximately
50% were ER/PR negative. THP combination (docetaxel + trastuzumab + pertuzumab) sig‐
nificantly improved the pCR rate compared with TH (docetaxel + trastuzumab) alone: 45.8%
(95% CI 36.1-55.7) vs 29.0% (95% CI 20.6-38.5), P = 0.0141. Patients receiving THP (docetaxel
+ trastuzumab + pertuzumab) had the highest pCR rate regardless of ER/PR status, although
the greatest treatment benefit in all 4 arms was observed in ER/PR-neg patients. The chemo‐
therapy-free HP (trastuzumab+pertuzumab) arm achieved a pCR rate of 16.8%. THP (doce‐
taxel + trastuzumab + pertuzumab) had a similar safety profile to TH. The incidence of AEs
was lowest in the HP (trastuzumab+pertuzumab) arm.
Thus, the addition of pertuzumab to trastuzumab-based neoadjuvant chemotherapy result‐
ed in a significant improvement of the pCR rate with no new safety signals of concern. Per‐
tuzumab and trastuzumab have complementary mechanisms of action as pertuzumab
inhibits HER2:HER3 heterodimerisation, thereby providing a potential mechanism to over‐
come tumour escape. These results support the rationale for a planned Phase III, double-
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blind, placebo-controlled trial evaluating pertuzumab added to standard trastuzumab-based
therapy it women with HER2- positive breast cancer.
Dual HER2 inhibition is being examined in neoadjuvant and adjuvant settings. The Neo‐
ALTTO (Neoadjuvant Lapatimib and/or Trastuzumab Treatment Optimisation) study
showed that the addition of lapatinib plus trastuzumab to neoadjuvant chemotherapy re‐
sulted in a higher pathologic complete response rate compared with the addition of trastu‐
zumab or lapatimib monotherapy (51.3% v 29.5% v 24.7%, respectively; P<.01). Also
objective (clinical) response rates at 6 weeks with anti-HER2 therapy alone were 67.1%,
30.2%, and 52.6%, respectively; those at surgery after 18 weeks of neoadjuvant anti-HER2
therapy plus chemotherapy were 80.3%, 70.5%, and 74.0%, respectively, suggesting that the
combination is beneficial in the neoadjuvant setting (Baselga et al., 2012; Blackwell et al
2010-2012).
Despite the dramatic improvement in the outcome of HER2+ breast cancers since the wide‐
spread use of HER2-directed therapies, such as trastuzumab, patients continue to develop
recurrences and disease progression. The mechanisms of intrinsic and acquired resistance to
trastuzumab are likely multifactorial and are being exploited by the use of novel targeted
agents in clinical development. The phosphoinositide-3-kinase (PI3K) pathway plays a key
role in resistance to trastuzumab through increased signaling through upstream growth fac‐
tor receptors, PTEN mutations, and other mechanisms, and therefore, is an excellent target
for drug development in patients with trastuzumab-resistant, HER2+ breast cancers. Availa‐
ble clinical trials demonstrate encouraging activity of mTOR inhibitors in combination with
trastuzumab monotherapy or trastuzumab-based chemotherapy in patients with HER2+
metastatic breast cancer pretreated with trastuzumab with or without lapatinib. The results
of early-stage clinical trials are currently being confirmed in 2 large phase III trials (Brach‐
man et al, 2009; Vazguez-Martin et al, 2009). Other agents, targeting the PI3K pathway, are
in early clinical development for HER2+ breast cancers.
2.5. Triple-negative breast cancer
Triple-negative (ER-negative, PgR-negative, and HER2 receptor-negative) breast cancers
(TNBC) account for approximately 15% of all breast cancers and, though in and of itself it is
a heterogeneous group, it often exhibits an aggressive phenotype with a generally poor
prognosis. Unlike HER2+ or hormone receptor- positive breast cancers, triple-negative tu‐
mors lack an established therapeutic target and though initially responsive to many stand‐
ard treatment regimens, progression and recurrence can be rapid and refractory to
alternative approaches. Loss or inactivation of breast cancer type 1 (BRCA1) leads to defects
in certain DNA repair pathways. Most BRCA1 mutant breast cancers lack ER, PgR, and
HER2 expression, and this association has raised the question of defective BRCA1 function
in sporadic (non-familial) TNBC (Sorlie et al., 2003). This led to the hypothesis that triplenegative tumors may be more sensitive to DNA damaging agents, such as platinums. A ret‐
rospective analyses of patients with triple-negative breast cancer who received taxane/
platinum-based primary chemotherapy demonstrated an overall response of 39% (Uhm et
al., 2009), while studies of platinum monotherapy or combinations in the neoadjuvant set‐
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ting have produced pCR rates of 22%-50% (Garber et al., 2006; Chang et al., 2008; Byrski et
al., 2009; Schott et al., 2011).

3. Molecular profiling in prognosis and patient selection for neoadjuvant
systemic therapy
Gene expression profiling with the use of DNA microarrays has added valuable information
to our understanding of breast cancer biology. In the seminal work of Perou et al. (2011) the
ability to interrogate thousands of genes at the same time was translated into a "molecular
portrait" of each tumor sample studied, and the concomitant analysis of the individual mo‐
lecular portraits of breast cancer tumor samples made the definition of molecular subtypes
of breast cancer possible (Perou et al., 2011). In order to analyze this large quantity of infor‐
mation (thousands of genes per sample evaluated), a hierarchical clustering method was
used to group genes according to similar patterns of expression. The proposed molecular
classification of breast cancer was divided into five classes: luminal-A, luminal-B, basal-like,
HER2-positive and normal-like tumors (Sotiriou et al., 2003; Sorlie et al., 2003). Subsequent‐
ly, the correlation between molecular subtypes and clinical data have shown a significant
difference in overall survival between the subtypes.
Despite this progress, the clinical applicability of molecular classification is limited by the
tight correlation between the molecular subtypes and currently available immunohisto‐
chemical markers (ER, PR, HER2, Ki67) (Sotiriou & Pusztai, 2009). For example, the molecu‐
lar subtype HER2-positive is clinically detected by IHC or fluorescent in situ hybridization
(FISH) according to published guidelines (Sauter et al., 2009). Although a good correlation
has been established between the molecular subtype HER2 and clinically assessed HER2positive breast cancer, the opposite is not true, because 30% of HER2-positive breast cancers
are molecularly characterized as luminal-B (Cheang et al., 2009). Luminal-A and luminal-B
molecular subtypes are, by definition, hormone receptor positive tumors, but the distinction
between these two subtypes is controversial.
One of the proposed clinical definitions characterizes luminal-A and luminal-B tumors us‐
ing hormone receptor status, HER2 status and the Ki67 index (percentage of Ki67-positive
nuclei by IHC). Luminal-A is defined as being ER- and/or PR-positive, HER2-negative and
Ki67-low (Ki67 index < 14%). Luminal-B is defined as ER- and/or PR- positive, HER2- nega‐
tive and Ki67-high (Ki67 index > 14%). Another luminal-B subtype has also been proposed,
namely luminal HER2 enriched, with tumors being ER- and/or PR- positive, HER2-positive
and Ki67-high (ki67 index > 14%) (Perou, 2011).
Study Jinno et al (2011) was to evaluate the clinical utility of breast cancer intrinsic subtypes
in the prediction of pathological complete response (pCR) in a cohort of breast cancer pa‐
tients receiving neoadjuvant chemotherapy.
Patients with stage II/III breast cancer received 4 cycles of chemotherapy XT (capecitabine
1650mg/m2 on days 1-14 and docetaxel 60mg/m on day 8 every 3 weeks), followed by 4 cy‐

Neoadjuvant (Preoperative) Therapy in Breast Cancer
http://dx.doi.org/10.5772/53122

cles of FEC (fluorouracil 500 mg/m2, epirubicin 90mg/m2, cyclophosphamide 500mg/m2).
Immunohistochemical (IHC) analysis of ER, PgR, HER2. EGFR, cito-ceratine 5/6. and Ki67
was performed in core needle biopsy samples at baseline. Tumors were classified as luminal
A (ER+ and/or PgR+, and Ki67<20%), Luminal В (ER+ and PgR+, and Ki67 > 20%). LuminalHER2 (ER+ and/or PgR+, and HER2+), HER2-enriched (ER- PgR-, and HER2+), or triple-neg‐
ative (ER-, PgR-, and HER2-). Triple-negative tumors with and without EGFR+ and/or citoceratine 5/6+ were further classified as basal-like and non-basal-like TN (NBTN),
respectively. Pathologic complete response (pCR) was defined as no microscopic evidence
of residual viable tumor cells, invasive or noninvasive, in all resected specimens of the
breast. Twenty-six (31.3%) patients were classified as luminal A, 12 (14.5%) were luminal B,
15 (18.1%) were luminal-HER2, 9 (10.8%) were HER2, 10 (12.0%) were basal like, and 11
(13.3%) were NBTN. The overall response rate was 90.4%, including a complete response in
30 patients and a partial response in 45 patients. The overall pCR rate was 15.5% (12/83). The
highest pCR rate (40.0%) was observed in patients with basal- like tumors. In triple-negative
patients, basal-like patients showed significantly higher pCR rate than NBTN patients
(40.0% vs. 9.1%. p = 0.01). There were no cases with pCR in a cohort of luminal HER2 sub‐
type patients. A higher proportion of luminal В patients had 1 pCR than luminal A patients
(25.0% vs. 3.8%, p = 0.01). Data indicate that breast cancer subtypes are useful predictive bio‐
markers of pCR in breast cancer patients treated with neoadjuvant systemic chemotherapy.
According Sanpaolo et al (2011) study, breast cancer subtype seems a prognostic factor of
breast cancer specific survival and distant metastases rates, but not of local relapse rate. Pa‐
tient could be submitted to conservative surgery, if feasible, but considering the differenced
in survivals, patients with worse prognosis should receive more aggressive adjuvant treat‐
ment.
The goals of neoadjuvant therapy of breast cancer have significantly changed and evolved
since it was firstly applied to women with inoperable locally advanced and inflammatory
breast cancers in the early 1970’s. The extended indication to allow more breast conserving
surgery has widened the application of neoadjuvant treatments and provided evidence for
the association between favorable long term outcome and intermediate endpoints, like
pathologic complete response (pCR) after chemotherapy or decreased tumor proliferation
measured by Ki87 after endocrine therapy. A key question is whether pCR and Ki87 can
take the role of qualified and validated surrogate markers of drug efficacy, so that any dif‐
ference in survival between treatments disappeared after adjustment for the intermediate
endpoint. The recent improvements in understanding the molecular basis of breast cancer
heterogeneity has provided a new level of complexity but also an outstanding conceptual
framework for interpreting the role of' pCR as potential surrogate marker, and has made
clear that the biologic meaning of pCR is different in different molecular subtypes, and that
different molecular subtypes will require different intermediate surrogate endpoints. The
validation of the intermediate surrogates markers of efficacy would dramatically change the
landscape of development of new drugs for early breast cancer and do provide the rationale
for a comparative analysis of the intermediate endpoint instead of the final survival end‐
point. The feasibility of this major paradigm shift from large and lengthy adjuvant clinical
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trials to smaller and faster neoadjuvant trials is still the topic of discussion, and will be ad‐
dressed by regulators, biostatisticians, translational scientists and oncologists.

4. The surgical aspects of neoadjuvant therapy
4.1. The surgical management of patient who achieve a complete pathological response
after neoadjuvant therapy
Neoadjuvant systemic treatment (NST) is the standard treatment for locally advanced breast
cancer (BC) and a standard option for primary operable disease. This analysis aimed to
identify whether breast cancer patients receiving radiotherapy alone following a complete
clinical remission (cCR) to neoadjuvant chemotherapy had a worse outcome than those
treated with surgery.
We identified 8 studies of NST where breast cancer patients who achieved a cCR were eligi‐
ble for different types of local management: radiotherapy only or surgery. Primary out‐
comes were loco-regional recurrence, distant disease free survival (DDFS), overall survival
(OS) (Semiglazov, 2008; Clouth et al., 2007; Ring et al., 2004; Smith et al., 2002).
We performed subgroup mefa-anaIyses for the primary outcomes on the basis of local man‐
agement. Heterogeneity between the risk ratios for the same outcome between different
studies was assessed by use of the chi-square-based Q statistic.
Rates of pathologic complete response (pCR) range from 25% to 35,8% of patients who had a
cCR. If a cCR is considered as a "test" of pCR then the positive predictive value of cCR in all
eligible trials was low (range from 29.9% to 35%). For surgery and no surgery (radiotherapy
alone) groups respectively there were no significant differences in DDFS (summary risk ra‐
tio [RR]=0.94, 95% confidence interval [CI]=0.91- 1.07) or OS (RR= 1.00, 95% CI=0.99- 1.12).
But there was trend towards increased loco-regional recurrences for the radiotherapy only
group (difference in favor to surgery range from 11% to 20%; RR= 1.53, 95% CI= 1.11- 2.10;
P=O.02).
In patients achieving a cCR to neoadjuvant chemotherapy, radiotherapy alone achieve surviv‐
al rate as good as with surgery, but with higher local recurrence rate. A prospective random‐
ized trial addressing the need for surgery after cCR would seem reasonable in patient with
magnetic resonance or positron emission tomography-defined complete remissions.
4.2. Role of sentinel node biopsy after neoadjuvant systemic therapy
The surgical management of patients presenting early stage breast cancer (T1- T2) and clini‐
cally negative lymph nodes (NO) has long included both primary tumor resection and level
I/II axillary lymph node dissection (ALND). This last procedure has been largely substituted
by the sentinel lymph node biopsy (SLNB) which is nowadays recommended by most clini‐
cal guidelines for this subgroup of patients. Indeed, the well documented accuracy of SLNB
in predicting the axillary status implies that, in these patients, a negative sentinel lymph
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node (SLN) is considered sufficient to rule out metastases in other axillary nodes and to
avoid axillary dissection. Several randomized clinical trials have further indicated that
SLNB and ALND are comparable in terms of overall survival and incidence of nodal failure
(Canavese et al., 2011).
Over the years, neo-adjuvant chemotherapy (NAC) has become the preferred treatment for
patients with operable locally advanced breast cancer, in an attempt to reduce the tumor
mass and to favor breast-conservative surgery over mastectomy. In addition, NAC has been
shown to down-stage the axillary status in some 30-40% of the patients treated. Based on the
SLNB validation studies mentioned above, it would be reasonably legitimate to introduce
the SLNB procedure also in the context of NAC. However, one frequent adverse effect of
NAC is the anatomical alteration of the lymphatic drainage, with lymphatic vessels disrupt‐
ed by tumor, inflammation or fibrosis, or blocked by necrotic and/or apoptotic cells; in addi‐
tion, NAC could induce a non-uniform tumor regression in the axillary nodes, being most
effective in some nodes but not in others.
These events could prevent a proper diffusion of the scintigraphic tracer during lymphatic
mapping, in the one hand, and contribute to a reduction in the rate of successful SLN identi‐
fication and, more importantly, an increase in the rate of false-negative SLN. Therefore, the
demonstration of the feasibility and accuracy of SLNB after NAC is of major interest since in
the future responders to NAC who would be down-staged to a negative nodal status (NO)
could be spared a complete axillary dissection and the immediate sequelae of axillary sur‐
gery. Two large NSABP trials have incorporated SLN biopsy either before chemotherapy
(B-32, 5536 patients) or after NAC (B-27, 428 patients) and report comparable mapping suc‐
cess (97% vs 89%) and false negative rates (9.8% vs 9.3%) for combined blue dye and radio‐
activity.
There is a current SNB trial looking at SNB before and after neoadjuvant systemic therapy in
Germany called SENTINA(Kuehn et al., 2009). This is a four arm study. Patients who are
clinically node-negative have SLNB prior to NAC. Those who are SLNB negative at diagno‐
sis have no further axillary procedure after NAC whereas those who are SLNB
Positive proceed after NAC to a further SLNB and axillary dissection. Clinical node-positive
patients have primary systemic therapy and those that are clinically node-negative go on to
have SLNB and axillary lymph node dissection, whereas those who are clinically node-posi‐
tive undergo axillary lymph node dissection alone. Over 600 patients have been enrolled to
date. The study design is somewhat complex but will add to the body of knowledge on the
value of ALNB after NAC
Dixon and Cody (2010) recommend that all patients at diagnosis have axillary ultrasound
and that any suspicious nodes should be submitted to fine needle aspiration cytology or
core biopsy. Those who appear to be node-negative on the basis of clinical exam, imaging,
and needle biopsy should have SLN biopsy post-NAC, at the same time as their breast sur‐
gery, to assess the extent of any remaining disease. Those with proven axillary node meta‐
stases at diagnosis should also be considered for SLN biopsy post-NAC. For patients with
triple-negative or HER2-positive disease there is a more than 50% chance that all involved
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nodes will be sterilized by NAC +/- trastuzumab. This contrasts to patients with ER-positive
disease who have an approximate 4% rate of axillary node sterilization. These data can be
used to inform patients at the outset of treatment as to the possible surgical options for the
axilla after NAC. For patients with involved nodes at diagnosis who have a complete clinical
and imaging response in the axilla, SLN biopsy is reasonable post-NAC and ALND can be
avoided if the SLN is negative. For the remaining patients whose nodes remain positive
post-NAC (less than half of those with triple-negative or HER2-positive cancers, and over
95% of those with ER-positive disease), ALND should remain the standard of care.
So intra-operative lymphatic mapping and SLNB are nowadays part of the standard man‐
agement of patients with early-stage breast cancer and clinically negative axillary nodes.
Based on the present results, this procedure is feasible and is an accurate predictor of the
axillary nodal status also when it is performed after NAC in patients with locally advanced
breast cancer. However, before introducing SLNB as a routine procedure in the context of
NAC, clinical trials will have to demonstrate that overall survival and disease-free survival
do not worsen when ALND is not performed in the subset of post-NAC SLN-negative pa‐
tients, thus leaving behind down-staged axillary nodes.

5. Conclusion
The neoadjuvant (preoperative, primary) use of cytotoxic, hormonal, and/or trastuzumab
therapy effectively reduces tumor burden in the breast and the axilla without compromising
survival. The risk of local recurrence is determined by the initial clinical stage and the patho‐
logic stage after neoadjuvant therapy. Neoadjuvant therapy is indicated in patients with in‐
operable tumors or if BCT is desired by patients with large tumors otherwise requiring
mastectomy. Patients with multicentric tumors generally will not become candidates for
BCT with this approach. Initial multidisciplinary evaluation is important. The tumor site
should be marked before treatment (eg, by clipping) to allow tumor localization at surgery.
Multiple imaging studies are not needed during treatment unless there is concern about dis‐
ease progression. Surgery is necessary in all patients, even those with a complete clinical re‐
sponse. Any residual palpable or imaging-detected lesions should be removed, but the
entire initial rumor volume does not need to be resected in tumors showing a reduction in
size. The optimal timing of sentinel lymph node biopsy in relation to neoadjuvant systemic
therapy in patients with a clinically lymph node-negative axilla is uncertain at this time, and
further study is required. The identification rate of the sentinel lymph node appears to be
lower after neoadjuvant therapy, but some patients may avoid axillary lymph node dissec‐
tion because of downstaging. Ultrasonography of the axilla in clinically lymph node-nega‐
tive patients is useful in identifying pathologically lymph node-positive patients at
presentation. In some cases, knowledge of the pretreatment lymph nodal status is useful for
radiation planning. In patients with lymph node-positive disease at presentation who be‐
come clinically lymph node-negative after treatment, axillary dissection is recommended be‐
cause of the high false-negative rate of SNB in this circumstance. Postoperative radiation
therapy is recommended for all patients treated with breast-conserving surgery and for all
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patients with initially lymph node-positive disease or with locally advanced disease treated
with mastectomy.
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1. Introduction
The World Health Organization (WHO) estimates that more than 1,050,000 new cases of
breast cancer occur per year worldwide, making this one of the most common diseases
among women. Its mortality/incidence relationship in developed countries is 29.9%, where‐
as in developing countries it reaches 42.9% [1].
In developing countries, it is still a reality to find a large number of tumors in advanced
stages. This is due to age [2], psychological disorders [3], racial and socioeconomic differen‐
ces, besides the biological behavior of the tumor. In Brazil they are associated with the prob‐
lems related to limitations in the infrastructure of the health system [4].
Data from the Surveillance Epidemiology and End Results (SEER) show between 1985 and
1995 ratios of stage III and IV tumors (advanced tumors) were respectively 18.3% (11.6%
+6.7%) and 11.6% (7.4%+4.2%) [5]. On the other hand, data obtained from the registry of the
Barretos Cancer Hospital, evaluated the period from 1985 to 2007, divided into four periods,
showed that there was little change in the advanced tumors (III + IV), corresponding to
37.7%, 35.0%, 39.4% and 34.9% respectively, which makes the locally advanced tumors a
public health problem this way.
Treatment of breast cancer is less mutilating and more effective when the diagnosis is made
early. Currently, the primary systemic treatment for locally advanced tumors is advocated
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in order to obtain a better therapeutic response, however there is controversy in respect to
this subject.
Locally advanced breast carcinoma (LABC) represent a relatively heterogeneous group, in
terms of clinical, biological and pathological. Tumors locally advanced and non-metastatic
involve: tumors with a diameter greater than 5 cm, large lymph node involvement (N2 or
N3), direct involvement of the chest wall or skin, and inflammatory carcinoma [6].
The staging of patients with LABC suggests care, thus, those with tumors larger than 5 cm
associated with more than three compromised axillary lymph nodes it is advisable that the
staging be performed with computed tomography of the abdomen, thorax and pelvis, where
the presence of metastatic disease, can be observed in up to 23% of cases [7]. However, its
applicability in clinical routine is still a matter of controversy.
Currently, the therapeutic approach of LABC is multidisciplinary, consisting of neoadjuvant
chemotherapy, surgery, radiotherapy and adjuvant chemotherapy [8-10]. In the past, the
treatment of LABC was surgery, followed by chemotherapy. However, 5-year survival was
less than 20%. The first reports of the application of neoadjuvant chemotherapy in LABC
dating from the 70s, was initially used in inoperable patients to allow the best resection of
the neoplastic lesion. In subsequent decades, with a large number of publications, an im‐
provement was demonstrated in survival of patients undergoing this type of treatment,
more evident in those with complete pathologic responses [11]. Although preclinical models
suggest that neoadjuvant chemotherapy may have an impact on tumor biology and im‐
proved survival when compared to adjuvant therapy, this has not been demonstrated by
clinical study in meta-analysis [12,13]. However, the primary therapy provides an in vivo
model to evaluate the effectiveness of specific therapeutic regimen, in contrast with adju‐
vant therapy.
Neoadjuvant chemotherapy or primary systemic therapy suggests offering diverse advan‐
tages in relation to adjuvant, being:
• administration of medications through an intact vascular-lymphatic system;
• early treatment of micro-metastatic disease;
• in vivo assessment of response to treatment;
• an opportunity to evaluate the response to chemotherapy in relation to diverse clinical
and pathological parameters;
• assessment of response to chemotherapy in the identification of tumor subtypes genotypic;
• reduction of tumor volume, causing in an increase in the percentage of resectability and
the rate of conservative surgery;
• opportunity of evaluation of the response to new chemotherapeutic schemes;
• prior knowledge of the patient's prognosis, in function to the clinicopathologic response
to chemotherapy.
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Unfortunately, some malignant breast tumors show resistance to treatment with the prin‐
cipal chemotherapeutic agents, decreasing the effectiveness of this therapy [14]. The
mechanisms responsible for this chemoresistance are multifactorial [15], being a late re‐
sistance acquired during treatment of predominant factor, present in over 75% of pa‐
tients. The intrinsic chemoresistance is also important, being observed in 18-51% of
untreated carcinomas [16-18].
In regards to chemotherapy drugs, the taxanes, have been featured in more recent studies,
they showed excellent anti-neoplastic activity, then being brought to neoadjuvant chemo‐
therapy.
The chemotherapy schemes with anthracycline and taxane combined in various ways, being
concurrent or sequential demonstrate a rate of pathologic complete response (pCR) signifi‐
cantly higher. Based on the Aberdeen study [19] and in GEPAR-TRIO [20] the current trend
is the sequential combination of anthracycline with taxane, which shows larger response
rate initially obtained with anthracycline (85% vs 64%, p = 0.03 ).
The pCR is defined as the absence of invasive carcinoma in anatomopathological exam of
breast and axillary lymph nodes after neoadjuvant chemotherapy. In most extensive studies,
the rate of pCR ranges from 3 to 30%. However, in these same studies the criteria varies for
evaluation of pCR [11].
Results showed that the long-term survival is associated to the response to neoadjuvant
treatment, in patients with large volume tumors, being the pathologic complete response,
the best predictor of survival in these patients [21].
Therefore, the evaluation of the response to chemotherapy treatment is important for conduct,
once that the additional time and side effects triggered by this therapy are not negligible.
Reduction in tumor volume has been used as the standard criterion for response evaluation
among solid tumors such as breast carcinoma. The clinical and pathological responses are
used for imaging methods to define the two classifications the "World Health Organization"
(WHO), created in the 70s, and the RECIST (Response Evaluation Criteria in Solid Tumors),
created in the 90s [22]. The difference between the two classifications is shown in Table 1.
Apparently a diameter seems to be sufficient to predict response, however the number of
articles on this subject is limited.
Response

WHO

RECIST

Complete Response (CR)

Without Disease

Without Disease

Partial Response (PR)

50% response

30% Response

Stable Disease

Without PD or PR

Without PD or PR

Progression (PD)

25% increase

20% increase

Measures

2 measures

1 measure

Table 1. Difference between the classifications responses to neoadjuvant chemotherapy WHO and RECIST
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2. Clinical evaluation
Feldman e cols. [23] showed significant discrepancy between chemotherapy response as‐
sessed by clinical exam and pathological study of the surgical specimen. Clinical examina‐
tion is often unable to differentiate a residual mass representing fibrosis from a mass
representing residual tumor [24-28].

3. Mammography
Currently the most effective imaging method for the detection of breast cancer is mammog‐
raphy. It has an accuracy of around 90% for mass screening. However, the extent of the tu‐
mor may be underestimated with this technique. Tabar [29] refers to practical explanations
of the difficulty in assessing tumor size depending on the type and compliance of the mam‐
mary tissue represented radiologically. Similar problems to the clinical exam were observed
when mammography was used for chemotherapy response evaluation [24-26]. Thus, due to
difficulties in the visualization and subsequent measurement of the tumor, other imaging
methods are proposed for the evaluation of chemotherapy response.

Figure 1. Mammography. Pretreatment. A. Cranial-caudal view (CC): not observed the tumor area. B. Mediolateraloblique view (MLO) localized compression: nodular oval image, high-density, partially obscured edges with and with‐
out microcalcifications inside (red arrow). Post-treatment. C. Cranial-caudal view (CC): not observed the tumor area. D.
Mediolateral-oblique view (MLO): architectural distortion in the tumor region (yellow arrow).
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Figure 2. Mammography. Pretreatment. A. Cranial-caudal view (CC). B. Mediolateral-oblique view (MLO): area round‐
ed nodular, spiculated margins, without microcalcifications, high density (red arrow). Post-treatment. C. Cranial-caudal
view (CC). D. Mediolateral-oblique view (MLO): nodule with the same characteristics and reduction of dimensions,
with partial response (yellow arrow).

Figure 3. Mammography. Pretreatment. A. Cranial-caudal view (CC). B. Mediolateral-oblique view (MLO): rounded
nodule, ill-defined margins, high density (red arrow). Post-treatment. C. Cranial-caudal view (CC). D. Mediolateral-obli‐
que view (MLO): nodule with the same characteristics, with inadequate response (yellow arrow).

4. Breast ultrasound
Breast ultrasound is the method of choice for the determination of solid and cystic lesions.
Apparently showing a more effective method in the determination of tumor measurements,
however the results were not consistent. [30]
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Ultrasound using it as an alternative method for assessing the tumor may predict the re‐
sponse to systemic treatment via the use of primary color Doppler.
Doppler ultrasound vascularization includes evaluation of parameters such as: the number
of signs of flow, a peak flow velocity, the resistivity index (RI) and pulsatility index (PI). It
also allows the noninvasive evaluation of abnormal vessel architecture in breast tumors, re‐
ferred to as neoangiogenesis. These changes in vascularization of the tumor correlate to the
histopathological response, and therefore, the study of vascularization can be used as a com‐
plementary tool to assess the response to chemotherapy, primarily in locally advanced
breast cancer.
Kumar et al. [31] registered a reduction of Doppler flux during the neoadjuvant treatment in
77% of patients with partial or complete remission, the residual flux was parameter inde‐
pendent, having sensitivity of 88.88% for predicting pathologic complete response, com‐
pared with 44.44% clinical response.
New studies observed changes in vascularization during chemotherapy. In the beginning of
chemotherapy there was an increase in vascularity, followed by a reduction thereof. Proba‐
bly in the beginning of treatment, abundant angiogenic factors, such as vascular endothelial
growth factor (VEGF) are released from apoptotic and necrotic tumor cells, resulting in pro‐
found increase in vascularity. After the vascularization peak, there is a gradual decrease in
the later stage of chemotherapy, due to the smaller number of angiogenic factors. Thus, an
increase in velocity greater than 5% was observed during chemotherapy in patients with
good response to chemotherapy [32].

Figure 4. Breast ultrasound. A. Pretreatment: Nodule irregular, margin not circumscribed, hypoechoic, with posterior
acoustic enhancement in the left breast (red arrow). B. Post-treatment: not displayed initial tumor, only nodular image
of different characteristics of the initial tumor, with good response (yellow arrow).
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Figure 5. Breast ultrasound. A. Pretreatment: pleomorphic mass, microlobulated margins, abrupt boundary, hypoe‐
chogenic, not parallel, without posterior acoustic shadow (red arrow). Post-treatment: mass reduction pleomorphic
(yellow arrow), with partial response.

Figure 6. Breast ultrasound. A. Pretreatment: Node irregular, margin not circumscribed, hypoechoic, with posterior
acoustic shadow in the left breast (red arrow). B. Post-treatment: Node with the same characteristics (yellow arrow),
with inadequate response

5. Magnetic resonance imaging
Recently, magnetic resonance appeared in the list of imaging tests to be ordered, in the treat‐
ment of breast cancer. It has low specificity, because it presents difficulties in identification
between benign and malignant lesions [33]. However, additional studies are needed to bet‐
ter characterize the resonance as an effective method in the determination of tumor extent.
Magnetic resonance imaging has a sensitivity of 95-97% for the evaluation of lesions of less
than 1 cm. It is important to detect disease in the contralateral breast (4% to 24% of associat‐
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ed disease). Magnetic resonance imaging increases the accuracy of radiology evaluated in
monitoring response to chemotherapy, therefore it is relevant in the evaluation of a possible
conservative surgery [34].
There is a significant disparity in mammography, breast ultrasound and MRI as compared
methods in the evaluation of breast tumors. However, to relate them to the anatomopatho‐
logical study, there is a greater difference between the measurements of ultrasound and
mammography and a smaller difference between measurements made by MRI [35]. The ac‐
curacy of tumor measurement is fundamental in preoperative assessment when conserva‐
tive treatment is desired. From a diagnostic point of view, physical examination,
mammography, ultrasound and MRI have an accuracy in predicting pathologic response of
75, 89, 82 and 89% respectively [36]. Furthermore, studies comparing the various methods of
images show a trend in favor of resonance, with better magnitude of correlation to anatomo‐
pathology exam [37].
According to a study of Matthes et al. [38] in 50 patients with locally advanced breast cancer
before surgery, mammography and breast ultrasound showed no significant correlation.
The MRI showed a moderate and significant correlation, suggesting to be a more reliable ex‐
am in relation to referred measurements in clinical examination. Others authors have shown
good correlation between the anatomopathological and physical examination (0.68) while
mammography and breast ultrasound were not good methods, with weak correlations (r =
0.33 and r = 0.29). However, Weatherall [39] suggests a high correlation for MRI (r = 0.93),
moderate for clinical examination (r = 0.72) and moderate, but lower for mammography
(0.62). Also noted, that few cases were evaluated with breast ultrasound, not justifying this
analysis. According Drew et al a conventional assessment of response to neoadjuvant che‐
motherapy by clinical or mammographic methods presents many limitations for surgical
planning [40].
In general, most studies showed that MRI allows a better assessment of tumors in relation to
others tests, varying the index of correlation between r = 0.60 to 0.98 [37,41].
The studies demonstrate a tendency for MRI as an ideal method in the detection of carcino‐
mas reaching the sensitivity of up to 100%. As was demonstrated by Matthes et al. [38], in
most cases, MRI demonstrated a better correlation than the other imaging exams in the defi‐
nition of tumor measurement after neoadjuvant chemotherapy. Yeh [42] conducted a com‐
parison between diagnostic methods and concluded that MRI showed better correlation
with pathology in relation to mammography and breast ultrasound. However, this showed
that the exam could overestimate measurement of residual tumor in 6% of cases and under‐
estimate them in up to 23%.
We must consider in the literature, that the MRI has a high correlation, but is not able to pre‐
cisely identify the residual lesion in all cases, which justifies the preoperative marking of the
area to be resected, especially in the LABC and when assessing the possibility of conserva‐
tive treatment, resection of the entire enclosed area, seeing that, there is no data methodo‐
logically consistent in literature that ensures the assessment of residual lesion.
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Figure 7. Breast MRI: A. Pretreatment: large tumor mass in the right breast (red arrow). B. Post-treatment: a nodular
small area starting at the same topography (yellow arrow), showing a concentric reduction and partial tumor

Figure 8. Breast MRI. A. Pretreatment: two masses in left breast (red arrow). B. Post-treatment: single mass in the left
breast (yellow arrow), with partial tumor reduction.
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Figure 9. Breast MRI. A. Pretreatment: large mass in the right breast (red arrow). B. Post-treatment: mass in the right
breast (yellow arrow), with partial reduction and diffuse tumor.

6. 99mTc- sestamibi scintigraphy
Nuclear medicine offers a noninvasive detection of histological, molecular and biochemical
markers known to tumor aggressiveness and resistance to therapy, which can provide crite‐
ria for better therapeutic conduct [43].
Breast scintigraphy is a well-established diagnostic imaging technique [44], of relatively low
cost compared with positron emission tomography and magnetic resonance imaging. It can
also be used as a method for evaluating the response of breast carcinoma to chemotherapy
treatment, thereby providing an in vivo indication of the chemosensitivity of the tumor [45].
Tiling et al. [46] showed that PET and breast scintigraphy with 99mTc-sestamibi are equiva‐
lent in monitoring the tumor response to neoadjuvant chemotherapy, with significant ad‐
vantage of scintigraphy in the availability of the radiopharmaceutical and gamma cameras,
besides a low cost.
The mechanism of 99mTc-sestamibi concentration in tumors is not entirely clear. It is distrib‐
uted in the tissues in proportion to blood flow and enters cells by passive diffusion. By the
transmembrane potential difference it is fixed to the mitochondria, particularly in malignant
cells with higher negative potentials [47,48]. The highest accumulation in the lesion depends
on mitochondrial activity and density, cellularity, angiogenesis and malformed vessels [49].
Factors of cell proliferation and desmoplastic activity seem to be involved [50].
The characteristics that lead to the accumulation of this radiopharmaceutical are identical to
those that promote the inflow of chemotherapeutics, related directly to blood flow and
transmembrane potential and negative mitochondrial and inversely with necrosis or fibrosis
[47,51], and good correlation was observed between reduced uptake of 99mTc-sestamibi and
the response to chemotherapy in LABC [52].
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Mechanisms of accumulation and efflux of 99mTc-sestamibi in breast carcinomas involve cel‐
lular processes that are important in tumor response to treatment. Figure 10 shows the main
relationships of accumulation and of the kinetics of 99mTc-sestamibi in the tumor and mecha‐
nisms of related chemoresistance.

Figure 10. Schematic representation of uptake and efflux of 99mTc-sestamibi [43].

The mitochondrial membrane permeability is regulated by members of anti and pro-apop‐
totic of the Bcl-2 family [53]. When a signal of apoptosis converges to the mitochondrion,
this causes an early increase in mitochondrial membrane permeability, release of cyto‐
chrome-c and other apoptotic factors [54] which trigger the activation of caspases, increasing
the breaking of the cell substrate, causing morphological and biochemical changes character‐
istics of the apoptosis [55].
Due to the characteristics of mitochondrial accumulation of 99mTc-sestamibi, breast carcino‐
mas that represent reduction of its inflow have high levels of anti-apoptotic protein Bcl-2
[56], which lead to resistance to chemotherapeutic agents and radiation due to the defect in
the apoptosis [57]. Levels of Bcl-2 in breast carcinomas range from 32 to 86% [58]. Some
studies report that the absence of Bcl-2 in LABCis associated with better chemotherapy re‐
sponse [59-61].
The efflux of 99mTc-sestamibi and wide variety of drugs of the cytoplasm to the extracellular
matrix is related to P-glycoprotein. The over-expression of this protein is inversely related to
the accumulation of 99mTc-sestamibi and with residual tumor in anatomopathological exams
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of surgical specimen, indicating inadequate response to neoadjuvant chemotherapy. Taka‐
mura et al [62], Alonso et al [63] and Sciuto et al [64] showed that breast scintigraphy with
99m
Tc-sestamibi, by analysis of washout of this in delayed images can be used as a predictor
of neoadjuvant chemotherapy response. Early and increased concentration of 99mTc-sestami‐
bi in breast carcinomas is associated with high proliferation rate, indicating more aggressive
tumor behavior, and better and faster tumor response [43].
In the study of Koga et al [65], the quantification of 99mTc-sestamibi uptake is done on the
lateral images of the breasts by creating two identical areas of interest: one on the tumor and
the other in the mirror position on the contralateral breast. Pixel counting is performed in
these areas (Figure 11). The 99mTc-sestamibi uptake rate caused by the tumor is determined
as the pixel count ratio between the area of interest in the tumor and the mirror area in the
contralateral breast in pretreatment and post-treatment.

Figure 11. Breast scintigraphy. A. Left lateral: the mirror area in the contralateral breast (green circle). B. Right lateral:
the area of interest in the tumor (yellow circle).

A better response to chemotherapy regimen was observed in more aggressive tumors that
represent a higher uptake rate reduction. The tumor necrosis resulting from chemotherapy
could explain the substantial reduction in tumor size [65]. The invasive ductal carcinoma
presents a higher uptake rate reduction compared to those associated to the in situ compo‐
nent. Moriguchi et al [66] lower rates were found in ductal carcinomas in situ and mucinous
probably related to lower cellular proliferation. This findings reflects the routine of oncolog‐
ical therapy, low response, carcinoma in situ to chemotherapy, confirming the utility of the
rate in the evaluation of chemotherapy response in the different carcinoma groups.
Koga et al [65], Mankoff et al [67], Marshall et al [68] and Cwikla et al [69] reported a reduc‐
tion of the rate of tumor:background, showing that the concentration of 99mTc-sestamibi re‐
flects the metabolic activity of the tumor and its reduction resulting from chemotherapy
[68]. Koga et al [65], Wilczek et al [70] showed a significant reduction rate of tumor: back‐
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ground after completion of neoadjuvant chemotherapy, confirmed by tumor regression in
histological study of the surgical specimen.
Quantitative analysis on 99mTc-sestamibi scintigraphy is shown to be an additional tool for
evaluating the preoperative chemotherapy response, given that the variation in 99mTc-sesta‐
mibi uptake reflects the biological behavior of the tumor [65].

Figure 12. Breast scintigraphy. A. Pretreatment: large nodular area in right breast (red arrow) and ipsilateral axillary
lymph node (blue arrow). B. Post-treatment: disappearance of the areas in breast and axillary lymph node, setting
good response to neoadjuvant chemotherapy.

Figure 13. Breast scintigraphy. A. Pretreatment: large nodular area in right breast (red arrow) and ipsilateral axillary
lymph node (blue arrow). B. Post-treatment: nodular area reduction in breast (green arrow) and axillary lymph node
disappearance, setting partial response to neoadjuvant chemotherapy.
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Figure 14. Breast scintigraphy. A. Pretreatment: large nodular area in left breast (red arrow). B. Post-treatment: nodu‐
lar area unchanged (green arrow), configuring inadequate response to neoadjuvant chemotherapy.

7. Tomography Emission Positron/ Computed Tomography (PET/CT)
Positron Emission Tomography (PET) is a powerful technique to image biochemical or
physiological processes within the body. The metabolic and biological activity of disease al‐
ways precedes any anatomic evidence of the illness. PET is a biological imaging technique
does not replace anatomical imaging as X Ray, computed tomography (CT) or magnetic res‐
onance imaging (MRI), but adds the characterization of simple molecular process that are
taking place in normal or diseased tissues within the body.
Positron is an antiparticle of the electron. When it is spelled from the nucleous of an atom, it
travel only a short distance. During this travel across several millimeters, adjacent atoms are
ionized and the positron loses energy and slow down. Positron then pairs up with an elec‐
tron and undergoing an annihilation interaction, which produces a pair of 511 KeV annihila‐
tion photons that travel in opposite directions reaching PET radiation detectors for imaging.
The fusion of PET and CT images is very useful in the correlation of the exact site of anatom‐
ical and physiological information.
In PET oncologic imaging, the most widely radiopharmaceutical is 2-[18F]-fluoro-2-deoxy-Dglucose (18F-FDG). Biochemically 18F-FDG is a nonphysiological compound with a chemical
structure very similar to that of naturally occurring glucose; it serves as an external marker
of cellular glucose metabolism. The ability no noninvasively image cellular glucose metabo‐
lism is important in oncological applications because many cancer cells use glucose at high‐
er rates.
The absolute quantitative radiotracer uptake in tumor can be measured in an effort to differ‐
entiate between malignant and benign tissue. Named Standard Uptake Value (SUV) it can be
useful in measuring tumor metabolic function [71].
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Breast tumors have many phenotypical characters, as increase of vascularization and local
permeability, increase of glycolitic metabolism and protein production, receptors expres‐
sion, ADN proliferation index and hypoxia. All these factors can be evaluated by PET scan.
The radiopharmaceutical more common for that purpose is 18F-FDG.
F-FDG has been evaluated for diagnosis, staging (Figure 15) and restaging, monitoring
therapy response and prognostication in patients with breast cancer [72].
18

Figure 15. Staging of breast cancer. Female, 30 years old, follow up of right breast nodule for five years. Detected
breast carcinoma by recent biopsy. PET/CT for staging identified metabolic hyperactivity in right breast carcinoma
(blue arrow), many axillary (yellow arrow) and subpectoral lymph nodes (green arrow), mediastinum and bone lesions
(black arrow).
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Most studies evaluating 18F-FDG to assess response to neoadjuvant therapy have measured
change in 18F-FDG uptake at mid-therapy, compared with at baseline, as a measure of re‐
sponse. Later, many studies found that 18F-FDG uptake declines by aproximately 50% or
more was predictive of a good response. Perhaps more important, lesser declines in 18F-FDG
uptake predicted poor response [73,74].
For analysis after the completion of chemotherapy, 18F-FDG has shown that although residu‐
al 18F-FDG uptake, predicts residual disease, but the absence of 18F-FDG is not a reliable indi‐
cator of complete response, specially in lymph node envolvements. The presence of 18F-FDG
is highly predictive of relapse, as showed in Figures 16, 17 and 18 [72].

Figure 16. Recurrence of breast cancer. Female, 39 years old, with ductal carcinoma in right breast treated by radical
mastectomy, chemotherapy and local radiotherapy two years ago. Follow up identified a nodulation in surgery bed.
PET/CT showed metabolic activity in lymph node of internal mammary chair (yellow arrow).
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Figure 17. Disease progression. Female, 43 years old, with ductal carcinoma treated by left quadrantectomy and radi‐
otherapy, chemotherapy and hormonetherapy two years ago. Follow up identified a nodule in left axillar region.
PET/CT showed metabolic hyperactivity in axillary lymph nodes (green arrow), supraclavicular lymph nodes (yellow ar‐
row) and in liver (blue arrow).

Figure 18. Follow up of breast cancer. Female, 46 years old, with ductal carcinoma in right breast treated by radical
mastectomy, chemotherapy and local radiotherapy. Follow up Ca 19,9 levels increased. PET/CT showed metabolic ac‐
tivity in left breast identifying the second tumor (blue arrow).
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8. Conclusions
There remains a shortage of information in the literature that confirms the best imaging ex‐
am for determining accurate measurements of residual tumor, especially in the case of eval‐
uations related to the primary systemic treatment in locally advanced breast carcinoma.
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1. Introduction
1.1. Rationale of neoadjuvant chemotherapy in treatment of breast cancer
Neoadjuvant chemotherapy (NAC), also termed as preoperative, induction or primary che‐
motherapy, is defined as the administration of systemic chemotherapeutic agent prior to lo‐
cal control of surgery or radiation. Giving chemotherapy before performing a resection of
tumour was initially introduced in locally advanced breast cancer where large inoperable
tumour can be converted to operable cancer.
Moreover, at the time of breast cancer diagnosed with 2 to 3 cm in size, the risk of occult
metastasis either in axillary lymph node or distant micrometastasis is greater than 50% [1],
[2]. There were some evidences demonstrated in animal model that after surgical removal of
primary cancer, metastases might be exacerbated [3], [4]. The administration of systemic che‐
motherapy in this setting might be a benefit to decrease the mortality risk from systemic
spreading of the disease. Therefore, control of the disease prior to surgical treatment might
produce a better treatment outcome. It was debated that NAC might delay the operation.
However, the result from many studies showed that during the course of NAC breast cancer
rarely progressed, or if it progressed that likely reflected the aggressive tumour which did
not response to chemotherapy postoperatively.
Another main benefit of NAC is monitoring response to the treatment, so as a good model
for in vivo test for the cytotoxic agents. The good response to NAC with complete pathologi‐
cal response (pCR) is a surrogate marker for overall survival. Recent advance in develop‐
ment of high potential but less toxicity chemotherapy as well as other targeted therapy has
brought to higher rate of pCR. Significantly double increased rates of pCR was documented
in breast cancer women who had docetaxel following 4 cycles of anthracycline-based NAC
treatment, though overall survival (OS) was affected only if pCR in the breast and axillary
nodes was achieved [5], [6]. The pCR rate was even higher in the addition of trastuzumab
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and pertuzumab [7]. However, with recent breast cancer subtypes identifying by estrogen
receptor (ER), progesterone receptor (PR) and HER-2 expression status documented in the
recent St. Gallen guideline [8], pCR is likely associated with only in non-luminal subtype [9].
Furthermore, increased rate of breast conserving surgery (BCS) was documented in operable
breast cancer with lower risk of local recurrence, in particular when pCR was achieved [10].

2. Neoadjuvant chemotherapy versus adjuvant chemotherapy
Preoperative or NAC has been compared with standard adjuvant chemotherapy as the treat‐
ment of breast cancer in several phase III studies. The primary end points mainly are dis‐
ease-free survival (DFS) and OS. These studies showed that using the chemotherapy
preoperatively did not improve DFS and OS, compared with using the same regimen as an
adjuvant treatment. A pivotal study from the National Surgical Adjuvant Breast and Bowel
Project (NSABP18) [11] compared the use of neoadjuvant adriamycin plus cyclophospha‐
mide (AC) with the same regimen administering postoperatively. With 4-cycle of neoadju‐
vant AC, the complete clinical response rate (cCR) and pathological complete response rate
(pCR) were 36% and 13%, respectively. In primarily operable breast cancer, NAC can down‐
stage tumor and lead to small increase of breast conserving rate (60% vs 67%, p = 0.002). Al‐
though substantial response was found with neoadjuvant approach, there was no
statistically significant difference in terms of DFS and OS at a 9-year follow up [12]. Another
study from the European Organization for Research and Treatment of Cancer (EORTC)
compared the efficacy of 5-fluorouracil, epirubicin and cyclophosphamide (FEC) preopera‐
tively or postoperatively [13]. Consistent with the NSABP-B18 trial, the OS, PFS and relapse
rate were similar between both groups. Also, several smaller studies exploring the benefit of
NAC did not find any survival benefit for the neoadjuvant approach [13]-[15].
Recent meta-analysis addressed directly the benefit of neoadjuvant versus adjuvant chemo‐
therapy [16]. This meta-analysis included nine randomized trials with the total of 3946 pa‐
tients. There was no difference of death and disease progression. Surprisingly, the patients
who received neoadjuvant treatment experienced higher local relapse (risk ratio of 1.22,
p=0.015). This greater risk of local recurrence mainly occurred in the trials that the patients
received radiotherapy without surgery in patients who achieved clinical complete response.
To date, the evidence-based literatures support the benefit of NAC as an approach to con‐
vert inoperable breast cancer to an operable tumor, or downstaging to increase breast con‐
serving rate. These seems to be no difference in survival in patients with operable breast
cancer whether chemotherapy is given before or after surgery.

3. Types of neoadjuvant chemotherapy for breast cancer
There was no inherent reason to believe that a regimen that works postoperatively will not
work preoperatively. Therefore, a standard neoadjuvant regimen is an acceptable postopera‐
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tive regimen. Previously, anthracycline-based chemotherapy was approved as standard of
care for adjuvant treatment of operable breast cancer. It is justified to use at least three to
four cycles of anthracycline-based regimen and additional cycles may be considered to max‐
imize response. Later, combination of taxane and anthracycline using as an adjuvant treat‐
ment has been proven to be superior to anthracycline alone and become a standard of care
in node-positive and high-risk node negative breast cancer. Therefore, several clinical trials
have explored the different chemotherapy combinations using as the primary systemic treat‐
ment. The best type and schedule administration of preoperative taxanes were investigated
in several phase III studies.
The study of NSABP-B27 is the largest study to demonstrate the benefit of adding docetaxel
to anthracycine-based regimen [17]. Over 2000 patients were randomized to receive 1) 4 cy‐
cles of preoperative AC, 2) 4 cycles of neoadjuvant AC followed by 4 cycles of docetaxel and
then surgery, and 3) 4 cycles of AC followed by surgery and then 4 cycles of adjuvant doce‐
taxel. The results showed superiority of clinical response, pCR in patients who received the
addition of docetaxel preoperatively (14% vs 26%, p<0.001), but similar breast conserving
rate (63% vs 62%). Furthermore, adding docetaxel either preoperatively or postoperatively
modestly reduced local recurrence rate with comparable DFS and OS [6].
In the Aberdeen trial, the locally-advanced breast cancer patients were initially treated with
4 cycles of the combination of cyclophosphamide, vincristine, adriamycin and prednisolone
(CVAP). The patients who had response to CVAP were randomized to receive another 4 cy‐
cles of CVAP or 4 cycles of docetaxel. Among total 162 patients, 66 percent experienced clin‐
ical response following the CVAP. Of these, changing to docetaxel provided much better
response rate (85% vs 64%, p=0.03), pCR rate (31% vs 15%, p=0.06) and 5-year survival rate
(97% vs 78%, p=0.04) [18] .
Numerous trials have addressed to answer how best to incorporate taxane to anthracyclinebased regimen. The German Preoperative Adriamycin and Docetaxel study II (GEPARDUO) [19] and the Arbeitsgemeinschaft Gastroenterologische Onkologie (AGO) study [20]
explored whether using taxane sequentially or concurrently with anthracycline is the best
approach. Both studies demonstrate significantly higher pCR and breast conserving rate in
sequential arm. However, it is impossible to demonstrate that the better outcome of sequen‐
tial arm is a result of sequential use itself or the higher cumulative dose of chemotherapy
and longer duration of treatment with sequential administration. Another randomized
study compared the efficacy of paclitaxel administered either weekly or every 3 weeks
schedules, followed by the combination of 5-FU, adriamycin and cyclophosphamide (FAC).
Weekly schedule associated with better pCR and also breast conserving rates [21].
Taken together, these data support the sequential use of anthracycline and taxane as the ne‐
oadjuvant treatment in both locally advanced and operable breast cancer. However, the us‐
age of taxane in low-risk patients or ER-positive patients may provide minimal benefit
outrage of the risk of adverse effect. Optimizing chemotherapy regimen should be consid‐
ered individually based on reliable prognostic factor, patient’s status and their preference af‐
ter discussing of the risk and benefit of the treatment.
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The patients who achieve poor response to initial neoadjuvant chemotherapy, i.e non-res‐
ponder, have a worse prognosis. Modification of chemotherapy after observing poor re‐
sponse has not resulted in better outcome [22], [24]. In the German Preoperative Adriamycin
and Docetaxel Study III (GEPAR-TRIO) study [22], the breast cancer patients who had poor
response to 2 cycles of neoadjuvant docetaxel, adriamycin and cyclophosphamide (TAC)
were randomized to receive another 4 cycles of TAC or alter to 4 cycles of vinorelbine plus
capecitabine (NX). The results showed no difference in terms of breast conserving rate, clini‐
cal and pathological response. On the other hand, in the Aberdeen trial, the patients who
received docetaxel after achieving poor respond to 4 cycles of cyclophosphamide, vincris‐
tine, doxorubicin and prednisolone (CVAP) ultimately had substantial overall response rate
(66%) [25]. On the basis of limited benefit to neoadjuvant chemotherapy in non-responders,
adjuvant therapy such as hormonal treatment as well as targeted therapy is considered as
the standard treatment to improve outcome [26].

4. Other neoadjuvant therapies in treatment of breast cancer: evidencebased information
4.1. Neoadjuvant therapy for HER2-positive breast cancer
Overexpression of human epidermal growth factor receptor (HER2) is found in approximate
20-30 percent of breast cancer. Trastuzumab, a humanized antibody against HER2, com‐
bined with chemotherapy improved survival in metastatic HER2-positive breast cancer [27].
Moreover, 1-year of adjuvant trastuzumab has been established as standard treatment in
HER2-positive breast cancer based on improvement of overall survival in several studies
[28], [29]. With the promising activity of trastuzumab, its combination with neoadjuvant
chemotherapy to enhance response has been proposed. There were several small phase II
trials explored different combination of preoperative trastuzumab and chemotherapy. The
pCR rate ranged from 12-45% [30], [31]. To date, there was a randomized controlled trial
evaluated the efficacy of preoperative trastuzumab combined with anthracycline-based che‐
motherapy [32]. The stage II and III HER2-positive breast cancer patients were treated with
4 cycles of paclitaxel followed by 4 cycles of 5-fluorouracil, epirubicin and cyclophospha‐
mide (FEC) with or without trastuzumab. The patients in trastuzumab arm had significantly
higher pCR rate (65% vs 26%, p=0.016), but no difference in breast conserving rate. There
was no incidence of clinical congestive heart failure. However, this study does not demon‐
strate whether preoperative trastuzumab impact survival compared to using trastuzumab
postoperatively. Risk of cardiotoxicity and benefit of improving response are needed to be
discussed individually.
Recently, there are several clinical trials comparing the efficacy of emerging anti-HER2, la‐
patinib and pertuzumab, as its efficacy using with chemotherapy or the addition to trastu‐
zumab. The GeparQuinto trial compared the efficacy of lapatinib and trastuzumab, both
concurrently with chemotherapy in operable HER2-positive breast cancer [33]. The pCR rate
was significantly higher with the treatment of trastuzumab plus chemotherapy (30% vs 22%,
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p=0.04). However, breast conserving rate was not different and long-term outcomes are
awaited. With the hypothesis of using dual anti-HER2 might inhibit HER2 receptor more ef‐
ficiently, the clinical trials exploring the efficacy of dual anti-HER2, as neoadjuvant therapy
in HER2-positive breast cancer were developed. Dual anti-HER2, eg. Lapatinib or pertuzu‐
mab plus trastuzumab, did increase pCR rate, but did not increase breast conserving rate
compared to the patients who received trastuzumab plus chemotherapy. The studies of
HER2-targeted therapy combined with chemotherapy as neoadjuvant setting in HER2-posi‐
tive breast cancer are summarized in Table 1.
Studies

N

Treatment

Buzdar A et al*[32]

42

NOAH*[34]

Neosphere*[7]

Neoaltto*[35]

GeparQuinto*[33]

235

417

455

620

pCR (%)

BCS (%)

3wPx4->FECx4

26

53

Same CMT+H

65

57

CMT

20

NA

CMT+H 1 year

39

D+T

29

D+T+P

46

T+P

17

D+P

24

L->wP

25

31

T->wP

30

28

L+H->wP

51

26

ECx4->Dx4+H

30

63

ECx4->Dx4+L

22

59

NA

Abbrevations: N, number of patients; BCS, breast conserving rate; 3wP, Paclitaxel every 3 weeks; FEC, 5-FU+epirubicin
+cyclophosphamide;H, Trastuzumab; CMT, chemotherapy; D, docetaxel; P, pertuzumab; L, lapatinib; wP, weekly pacli‐
taxel; EC, epirubicin+cyclophosphamide; NA, not available; *The studies that reported significant different of pCR rate
and breast conserving rate.
Table 1. Neoadjuvant therapy in HER2-positive breast cancer

4.2. Bevacizumab combined with chemotherapy as a neoadjuvant therapy in HER2negative breast cancer
Bevacizumab, a monoclonal antibody against vascular endothelial growth factor, was shown
to improve response rate and progression-free survival when added to chemotherapy in meta‐
static HER2-negative breast cancer patients [36], [37]. Two recent phase III trials [38], [39] de‐
termined whether the addition of bevacizumab to chemotherapy would increase pCR rate in
HER2-negative operable breast cancer. Both studies confirmed that bevacizumab did increase
pCR rate. However, there was a controversial result whether which specific subgroups would
gain benefit from bevacizumab. It was claimed that bevacizumab added benefit in terms of
pCR in only triple-negative patients from GeparQuinto trial [39], whereas only patients with
positive estrogen receptor from the NSABP-B40 trial had higher pCR rate following bevacizu‐
mab treatment [38]. Because of contradictory results of these trials with premature long-term
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data as well as economic argument, therefore, bevacizumab is not recommended for neoadju‐
vant treatment in non-metastatic HER2-negative breast cancer.
4.3. Neoadjuvant endocrine therapy
Endocrine therapy has been used as a standard treatment in metastatic ER-positive breast
cancer with the objective response of 30-40 percent. Because of low profile of toxicity, it is
commonly used as the first option in low-risk metastatic breast cancer, ie asymptomatic,
long disease-free interval and limited metastatic disease. Conversely, neoadjuvant endocrine
therapy is not recommended as a standard of care because of its lower response rate com‐
pared with response rate in the study of neoadjuvant chemotherapy. The small studies re‐
ported response rate of 0-2 percent following tamoxifen [40], [41] and 2-3 percent after
aromatase inhibitor treatment [40], [42]. The studies of neoadjuvant endocrine therapy are
summarized in Table 2.
Studies
Eiermann et al*[43]

Smith et al [44]

Ellis et al*[40]

N
337

330

324

treatment

ORR (%)

BCS (%)

Letrozole

55

45

Tamoxifen

36

35

Anastrozole

37

46

Tamoxifen

36

22

Combine

39

26

Letrozole

60

48

Tamoxifen

41

36

Abbreviations; N, number of patients; ORR, overall response rate; BCS, breast conserving surgery rate; *The random‐
ized studies with the significant difference of overall response rate and breast conserving rate.
Table 2. Randomized trials comparing different neoadjuvant endocrine therapy

Although the objective response of primary endocrine treatment is not promising, endocrine
therapy remains a reasonable option in selected ER-positive breast cancer patients, for in‐
stance, the elderly patients who are not suitable for chemotherapy, or has organ function im‐
pairment, or desires to avoid adverse effect from chemotherapy. According to a randomized
study comparing the efficacy of neoadjuvant chemotherapy and aromatase inhibitor in post‐
menopausal ER-positive breast cancer patients, clinical response and pCR were not signifi‐
cantly different [45] . However, possibility of breast conserving surgery following primary
endocrine treatment is still infrequent.
With the rationale of the superiority of aromatase inhibitor to tamoxifen in metastatic set‐
ting of postmenopausal woman with breast cancer, the study of aromatase inhibitor in ne‐
oadjuvant setting compared to tamoxifen has been performed. Several studies showed
higher overall response rate and also breast conserving rate with aromatase inhibitor [40],
[43], [44] .
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At present, there are no data available about neoadjuvant endocrine therapy in premeno‐
pausal woman.

5. Predicting of response to NAC
Although, recent chemotherapeutic regimen for NAC treatment in breast cancer containing
anthracycline followed sequentially by a taxane can produces the good clinical response
rates [46]. A cPR is still less than 30% [46], [47]. However, these chemotherapeutic agents are
associated with significant morbidity. Therefore, the main benefit would be maximum if it
were possible to identify patients who are most likely to benefit from NAC before or shortly
after commencing the treatment. Recently, various biotechnologies, including both imaging
and biomolecular platforms, have been investigated in order to find novel biomarkers or
tests to predict responses to NAC. These technologies include molecular imaging, PET-CT,
scintigraphy, genomics and proteomic platforms [48]. However, there is not any promising
result demonstrated so far.
Amongst the above technologies, the most recent and feasible is the use of magnetic reso‐
nance imaging (MRI) as a early predictor of response to NAC. In a recent systematic review
study, where dynamic contrast enhanced (DCE) MRI performed pre and after 1-2 cycles of
NAC were compared, good sensitivity and specificity in predicting response to NAC was
demonstrated, depending on various MRI parameters used for interpretation. Substantial
reductions in tumour volumecould be accurate parameters in discriminating responders
and non-responders after 1-2 cycles of NAC [49].
PET-CT using 18 F-FDG seemed to be a good technology in predicting response to NAC due
to its combination of anatomical and functional characteristics of cancer cells. However, in a
small study comparing ability of PET-CT, MRI and ultrasonography in predicting response
to NAC, MRI was superior to PET-CT and ultrasonography [50].

6. Summary
With the rationale of NAC in term of controlling distant or micrometastasis, NAC should be
a good approach in breast cancer for both early and locally advanced disease. However, in
some early breast cancer, addition of chemotherapy might be an overtreatment with more
harmful than useful. Evidence from various clinical studies confirmed the benefit of NAC by
avoiding mastectomy in some responders. In the recent day, therefore, use of NAC is the
treatment of choice for locally advanced or some early breast cancer. Combination of NAC
and other targeted therapy such as trastuzumab have given even better outcome. Finally,
further research is still required in order to predict response to NAC as early as possible so
that patient who would not respond well to NAC could be identified early and would allow
seeking for the other treatment.
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1. Introduction
Neoadjuvant chemotherapy (NAC), also referred to as preoperative or primary chemotherapy
refers to chemotherapy administered prior to tumor resection. It is a standard of care for
management of locally advanced or inoperable breast tumors.

2. Rationale for NAC
The clinical rationale of NAC administration lies in the fact that it significantly downstages
the existing tumor, enabling greater breast conservation (BSC). Although preoperative
chemotherapy has not been shown to improve disease free (DFS) and overall survival (OS) for
breast cancer when compared to post-operative therapy in operable patients, achievement of
pathological complete response (pCR) defined as absence of any residual invasive tumor, is
an important predictor of superior DFS and OS. In the B-27 trial looking at addition of taxanes
to anthracycline based regimen in NAC, after 8 years of follow, patients who achieved pCR
had superior DFS (HR: 0.49, p<0.0001) and OS (HR: 0.36, P<0.0001) rates. [1]- [5] The more
recent I-SPY 1 study amongst several other studies [6]- [8], have found pCR to be an important
predictor of recurrence free survival. [9], [10]
NSABP B-18 study was one of the earliest trials comparing neoadjuvant to adjuvant chemo‐
therapy. The regimen of choice in this trial was the combination of adriamycin and cyclo‐
phosphamide (AC) either pre- or post operatively in 1523 women with operable palpable (T1-3,
N0-1, M0) newly diagnosed breast cancer. There was no difference in overall survival between
the two groups. However, a significantly greater number of patients underwent BCS in the
NAC group (67vs. 60%, p=0.002).
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In another trial of 1355 women with operable breast cancer, doxorubicin and paclitaxel
followed by CMF in the neoadjuvant setting yielded similar RFS and OS rates when compared
to adjuvant chemotherapy. However, patients with neoadjuvant chemotherapy achieved
much higher breast conservation rates (63% vs. 34%, p<0.001). Distant relapse free survival
was inferior in patients who did not achieve pCR (HR, 0.43; p- 0.025). [11]

3. Prognostic factors
Clinical trials have described various clinical and histological features of breast tumors, which
may predict response to neoadjuvant chemotherapy. Higher nuclear grade is a significant
predictor of pCR with NAC in several studies. [12]- [17] Proliferation index or Ki-67 [18] is
shown to correlate positively to response. In the I SPY 1 trial, pCR rates in patients with high
Ki-67 (defined as >20 percent) were 35% vs. 5% in patients with low Ki-67 (defined as <10
percent). [19] [9], [20] Pathologic examination of 82 breast cancer tumors after NAC with
paclitaxel followed by 5-fluorouracil, adriyamicin and cyclophosphamide (T FAC) showed
that basal like tumor pathology was a predictor of good response to NAC. [21] In the I SPY 1
trial luminal A histology had lowest pCR rates. [8], [19], [22] Negative estrogen and proges‐
terone receptor status has shown to predict better response to NAC [7], [8], [13], [18], [23] In
the I-SPY 1 trial pCR was highest for hormone receptor negative and HER-2 positive cancer
(54%) and lowest for HR+/ Her-2 negative cancer (9%). [19], [24] In a study of 388 patients in
which 16 percent patients were Her-2 positive, Her-2 positivity and young age were important
predictors of achievement of pCR with anthracycline based NAC in univariate analysis. [25]
There is no single genetic marker that predicts complete response to NAC. However, gene
expression profiling has been studied to predict response to various chemotherapy regimens
with reasonable accuracy. [26] [27], [28] van’t Veer et al developed a 70-gene expression model
for prognostication using microarray analyses on 117 breast tumors. They found that genes
associated with poor prognosis regulated cell cycle, metastasis, invasion and angiogenesis (eg.
cyclin E2, MCM6, metalloproteinases MMP 9, MP1, RAB6B, PK428, VEGF receptor FLT1). [29]
In the I SPY 1 trial, patients with p-53 null mutations and 17q amplification were also associated
with high pCR rates (47% and 45% respectively). [19]
Enzymes of cytochrome P450 family play an important role in cancer drug metabolisms and
polymorphism CYP2C9*2 polymorphism has been found to be associated with NAC resist‐
ance. [30] Tumor stage, lymph node positivity and dose intensity of chemotherapy have not
been found to correlate to NAC response. [31] [17], [32]
Apoptotic responses to first dose of NAC measured by serial fine needle aspirations dur‐
ing first 4 days after chemotherapy administration was also found to be an indicator of
response. [33]. Persistently elevated levels of CXCR4, a G-protein coupled receptor post
chemotherapy has been found to be a negative predictor for response. [34]. A retrospec‐
tive study of 562 patients concluded that metaplastic, mucinous and apocrine carcinoma
responded poorly to NAC. [35]
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4. Chemotherapy regimens
In the pre-taxane era, initial trials of NAC were performed with anthracycline based regimens,
such as AC [3]; 5-Fluorouracil, Adriyamicin and Cyclophosphamide (FAC)36 and 5-Fluorour‐
acil, Epirubicin, Cyclophosphamide (FEC). [37] However, more recent trials have demonstrat‐
ed that taxanes, when added to anthracycline based regimens, significantly improve survival
outcomes [38] and therefore, should be used in combination with anthracycline based
regimens. NSABP B-27 trial was designed to observe the impact of addition of 4 cycles of
docetaxel to standard AC regimen in the preoperative setting. 2411 patients with T1C-3N0M0
or T1-3N1M0 breast tumors were assigned to ACX4 cycles vs. ACX 4 cycles followed by
docetaxel X4 cycles vs. AC X 4 cycles preoperatively and docetaxel X 4 cycles postoperatively.
Although the trial did not meet it’s primary end point of demonstrating survival benefit,
addition of docetaxel did double the pCR rates (from 13% to 26%). pCR rates were also
significant predictor of improved DFS (HR: 0.49) and OS (HR: 0.36) after more than eight years
of follow-up. Patients who achieved clinical partial response with AC had significantly
increased DFS with addition of docetaxel [39]
For patients with the Her-2 positive cancer, trastuzumab has been incorporated in the initial
neoadjuvant chemoregimens. Options include sequential trastuzumab and paclitaxel and FEC
in combination with trastuzumab (PH- FECH) with pCR rates ranging from 55-65 percent. [40]
However, in patients where cardiac morbidity is a concern docetaxel and cyclophosphamide
in combination with trastuzumab (TCH) is also an effective choice. [41]
Capecitabine is an effective drug, which has yielded promising results in metastatic breast
cancer. Capecitabine in combination of Vinorelbine has been found to be non inferior to
Docetaxel, Adriyamicin, Cyclophosphamide (TAC) in terms of sonographic and pathologic
complete response and breast conservation rates in the phase 3 Gepar trio trial [42]

5. Dose dense NAC
Dose intensity is achieved by increasing the drug dose delivered per cycle of chemotherapy
by either increasing dose or decreasing inter-treatment interval. The PREPARE trial used dose
dense (dd) and dose intensified regimens of E+ P followed by CMF and compared it with
standard dose EC→T regimen. Patients were treated with E (dd) → T (250mg/m2)(dd) → CMF,
each 2 weekly for 3 cycles with or without darbopoeitin versus standard E (90mg/m2) and C
followed by P (150mg/m2) for four cycles (EC→T). The pCR rate was higher in the dose-dense,
dose-intensified group (18.7% vs. 13.2%; p=0.04). Patients with non-inflammatory breast cancer
had significantly improved disease free and overall survival from the dose dense regimens.
[43]. A few other trials demonstrate similar increased in pCR rates with dose dense chemo‐
therapy. [44] Currently, the value of dose dense chemotherapy in breast cancer is unclear
amongst unselected patients.
In a phase 3 trial (SWOG 0012), standard 3 weekly AC regimen was compared to week‐
ly doxorubicin and daily oral cyclophosphamide with GCSF support in the neoadjuvant
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setting for inflammatory and locally advanced breast cancer. pCR rates with the dose
dense regimen were superior only in stage IIIB breast cancer and IBC. There was no dif‐
ference in DFS and OS. [44]

6. Assessment of response after NAC: Definition of pCR
In most studies, pCR has been defined as absence of any residual invasive tumor in the
pathologically examined tissue. Prior studies have indicated that there is no survival dif‐
ference in patients with no residual tumor (in-situ or invasive) versus patients with re‐
sidual in-situ (non- invasive tumor) cancer. [45] In a study performed at MD Anderson,
2302 patients treated with NAC showed similar disease free, overall and local recurrence
free survival for patients who had in-situ cancer at the end of treatment when compared
to patients who had no residual cancer. [46] However a recently published pooled analy‐
sis of 6,377 patients trials shows that DFS is better in patients with no residual tumor
when compared to patients with residual in-situ tumor (HR:1.74, 95% CI 1.28-2.36,
p<0.001). This study concluded that definition pCR should strictly be limited to absence
of residual invasive or in-situ tumor either in the breast or lymph nodes [47].

7. Estrogen or progesterone receptor positive cancer
Although the use of endocrine therapy in the adjuvant setting is very common, it’s use in the
neoadjuvant setting is relatively recent. Neoadjuvant endocrine therapy has shown to cause
tumor shrinkage [48] and reduce tumor proliferation as evidenced by decrease in Ki-67 and
other markers of proliferation. [49] pCR is less commonly observed, therefore, response
assessment in most of the trials involving endocine therapies is clinical (palpation and
radiological techniques) as well as pathological assessment of proliferation markers. [50]
Comparisons have also been made between the 3 aromatase inhibitors exemestane, letrozole
or anastrozole, in the neoadjuvant setting. 377 postmenopausal women with stage II/III ER
positive breast cancer were treated with neoadjuvant exemestane (25mg/d), letrozole
2.5mg/d and anastrozole 1mg/d for 16-18 weeks. Clinical response rate, which was the primary
end point of the trial, was 62.9%, 74.8% and 69.1% respectively. Breast conservation rates were
comparable amongst the three groups. No difference was observed in terms of Ki-67 levels or
changes in KI-67 expression among all the groups suggesting that they have biological
equivalent effects. Overall, Luminal A tumors were likely to have a preoperative endocrine
operative index (PEPI) score of zero before surgery when compared to luminal B tumors. [51]
Combination of neoadjuvant hormone and chemotherapy is also being investigated. In a phase
3 trial of 101 post menopausal women with locally advanced hormone receptor positive breast
(stage T3, T4 and/ or N2 N3) cancer, neoadjuvant chemotherapy with FAC combined with
letrozole 2.5mg daily produced superior pCR (25.5% VS. 10.2%, p=0.049) and clinical complete
response rates (27.6% VS. 10.2%, P=0.037) when compared to FAC alone. [52]
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It has been postulated that phosphotidyl kinase 3/ AKT/ mTOR pathway may be involved in
endocrine resistance. For this reason, mTOR inhibitor like everolimus have been combined
with hormone therapy in clinical trials. In a phase 2 trial comprising of 270 untreated patients
with ER positive breast cancer, the control group was treated with letrozole (2.5mg/day) +
placebo while the experimental treatment group was treated with letrozole plus everolimus
(10mg/day). Patients treated with letrozole plus mTOR (mammalian target of Rapamycin)
inhibitor had significantly improved clinical response rates, as well as response rates as
assessed by ultrasound and mammography. Decrease in the proliferation index Ki-67 was
significantly more marked with the combination treatment. Toxicities with the combination
group were higher with 52.9% patients in the combination group having treatment stopped
or delayed as a result of toxicities (only 7.6% in the placebo group). It was inferred that mTOR
inhibitor can significantly increase the efficacy of hormone therapy. [53]

8. HER-2 receptor positive cancer
Trastuzumab or herceptin (H), a monoclonal antibody against HER-2 neu receptor, is an
integral part of neoadjuvant chemotherapy in HER-2 positive tumors. In a phase 3 trial, FEC
+ Trastuzumab followed by P + trastuzumab has shown significantly higher pCR rates when
compared to FEC→ P alone (66.7% vs. 25%). [54]
In the NeOAdjuvant herceptin (NOAH) trial, patients with HER-2 positive inflammatory or
locally advanced breast cancer were treated with neoadjuvant chemotherapy alone (A+P →
P→ CMF) or neoadjuvant chemotherapy combined with neoadjuvant H (added to the CMF
part of neoadjuvant chemotherapy). Addition of H not only improved the rates of pathological
response, (50% vs. 26%; p=0.002) but also the rates of event free survival, which was the primary
end point of the study. More patients were able to undergo breast conservation surgery with
the addition of H (35 vs. 13% p=0.07). [55]
Trastuzumab has been compared to lapatinib (L), a tyrosine kinase inhibitor which is a dual
inhibitor of EGFR and Her-2 receptors, in the neoadjuvant setting. In the Gepar Quinto trial,
patients were treated with standard chemotherapy with four cycles of Epirubicin and cyclo‐
phosphamide followed by four cycles of docetaxel along with either H (6mg/kg every 3 weeks)
or L (1250mg daily) starting on the day 1 of the first EC cycle till the day 21 of the fourth cycle
of docetaxel. pCR rates with H were significantly higher (30%) when compared to L (30% vs.
22%; p=0.04). Overall difference in the clinical response and the number of breast conservation
surgeries between the two groups was not significant. Edema and dyspnea were more common
with trastuzumab while rash and diarrhea were more common with lapatinib. [56]
Neo-Altto trial was a randomized phase 3 trial comparing dual (trastuzumab/lapatinib
combination) versus single Her-2 receptor blockade (trastuzumab or lapatinib alone) for
HER-2 positive breast cancer, >2cm in diameter along with a taxane in the neoadjuvant setting.
154 patients received 1500mg of PO lapatinib, 149 received 4mg IV trastuzumab (2mg/kg
subsequent doses) and 152 received the combination of trastuzumab with 1000mg PO
lapatinib. pCR rates were significantly higher with dual blockade (51.3 percent; 95% C.I.
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43.1-59.5%) when compared to single blockade with trastuzumab alone (29.5%; 95% C.I.
22.4-37.5). No significant difference in the pCR rates between trastuzumab and lapatinib
groups was observed (p=0.34). Grade 3 diarrhea and elevation of liver enzymes were more
common side effects in the lapatinib (23.4%) and lapatinib plus trastuzumab group (21.1%)
when compared to trastuzumab only group (2%). The rate of breast conservation surgery in
all the three groups was similar. pCR rate was higher in the ER negative tumors. [57]
In the preliminary results of the NSABP B-41 trial presented in American Society of Clinical
Oncology’s (ASCO) annual meeting in 2012, when H is substituted with L, the responses pCR
rates are found to be comparable. This trial comparing AC→ weekly paclitaxel (WP)+ H vs.
AC→ WP + L vs. AC→ WP+ H+L; showed that pCR rates with H and L were comparable (52.5%
for T vs. 53.2% for L). pCR rates with the combination of both T and L with NAC was slightly
higher but the results were not statistically significant (62% p= 0.075). [58]
Trastuzumab has been combined with another humanized monoclonal antibody against
HER-2, Pertuzumab, which binds the dimerization site of HER-2 receptor and inhibits ligand
dependent signaling. The phase 2 multicenter Neosphere trial compared combinations of H+
T (group A), H+ Pertuzumab +T (group B), Pertuzumab +H (group C) and pertuzumab + T
(group D) as neoadjuvant treatment of Her-2 positive breast cancer. The pCR rates in group B
was significantly higher (45.8%, p=0.0141) when compared to groups A, C or D (29%, 16.8%
and 24 % respectively). Clinical responses to NAC were also highest in group B. The rate of
febrile neutropenia was similar in the trastuzumab+ pertuzumab + chemotherapy group to the
H+ T group and was 7-8%. [59]
Trastuzumab combined with bevacizumab and chemotherapy was found to be very effective
in Her-2 positive inflammatory breast cancer in the phase 2 BEVERLY-2 trial. In this study, 52
patients were treated with FEC + Bevacizumab (cycles 1-4) and docetaxel +bevacizumab and
trastuzumab (cycles 5-8). pCR was seen in 33 patients (63.5%). The frequency of grade ¾
neutropenia was 48%. [60]

9. Role of bevacizumab
Bevacizumab is a monoclonal antibody against vascular endothelial growth factor (VEGF),
which has been found to be very effective when added to anthracycline- taxane based
neoadjuvant therapy. In the phase 3 NSABP- 40 trial, [61] patients with T1c-T3/ N0-N2 were
treated with the following regimens: Docetaxel (T) alone followed by EC vs. T + Gemcitabine
followed by EC vs. T + G + Bevacizumab followed by EC vs. T + Capecitabine (X) followed by
EC vs. T + X + Bevacizumab followed by EC. Addition of bevacizumab significantly increased
the pCR rates in the breast, which was the primary end point of this study (28.2% to 34.5%,
p=0.02). pCR rate in breast and nodes (secondary end point) was also increased but the result
was not significant. Rate of clinical complete responses was significantly increased with
addition of bevacizumab. Effect of bevacizumab was more pronounced in hormone receptor
positive tumor and higher tumor grade. Side effects observed with bevacizumab included
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significantly higher rates of hypertension, left ventricular systolic dysfunction, mucositis and
hand-foot syndrome.
Another phase 3 trial (GEPAR QUITNO) consisting if 1948 HER-2 negative patients concluded
that rates of pCR were significantly improved when bevacizumab was added to EC→ T
regimen (14.9% with EC→T alone and 18.4% with EC→ T+ Bevacizumab). In this study,
improvement in pCR was limited to patients with hormone receptor negative tumor (39 with
bevicizumab VS. 28% without bevacizumab). Side effect profile of bevacizumab was similar
to the abovementioned study. [62]
Findings of the above two studies have led to conflicting results. While former has shown
benefit of bevacizumab in hormone receptor positive patients, the latter has shown benefit in
hormone negative cancer. A phase 3 ARTemis trial is currently underway which compares
addition of bevacizumab to standard chemotherapy to chemotherapy alone. The study is to
finish recruitment in December 2012 and primary outcome analysis due by December 2013. [63]
However, in some other trials, addition of bevacizumab to chemotherapy has shown less
efficacy with additional toxicity. In one study, 45 women with Her2 negative locally advanced
breast cancer were treated with neoadjuvant AC + bevacizumab X4 cycles followed by TX+
bevacizumab X4 cycles, with pCR rates of only 9 percent with substantial added toxicity such
as fatigue, mucositis and headache. [64]
Trials looking at pathological markers predicting response to bevacizumab have shown posi‐
tive responses associated with negative hormone receptor status, high Ki67 index and changes
in phosphorilation status of VEGF receptor 2 (
J Clin Oncol 30, 2012 (suppl; abstr 10595))

10. NAC in triple negative breast cancer
Triple negative breast cancer is a more aggressive form of breast cancer that has poor prognosis
despite response to chemotherapy. TNBC has been found to be sensitive to platinum based
treatment in the metastatic setting due to inherent genomic instability. Encouraged by success
in the metastatic setting, trials have been conducted with platinum agents in the primary
setting. Silver et al. treated 28 patients with stage II/III TNBC with four three weekly cycles of
cisplatin. pCR was seen in 22% patients; good pathological response (Miller Payne score of 3,4
or 5) in 50% and progression in 14% patients. Positive response to cisplatin in this study was
associated with young age, low BRCA expression, BRCA-1 prominent methylation, p-53
frameshift or nonsense mutation and gene expression significant of E2F3 activation. [65] More
pCR rates have been demonstrated in BRCA-1 mutated breast cancers with cisplatin than with
conventional regimens such as AC or CMF. [66] In another study, 17 patients with triple
negative breast cancers >2cm in size, were treated with weekly doxorubicin plus daily oral
cyclphosphamide followed by weekly paclitaxel and carboplatin, 14 out of 15 assessable
patients showed clinical response. pCR rate was 46.6%. Seven patients had grade ¾ hemato‐
logical toxicity with this combination. [67] Similar high pCR rates have been reported with
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neoadjuvant bevacizumab, docetaxel and Carboplatin combination. [68] However, in a
multicenter phase 2 study, addition of carboplatin to standard EC→T regimen for basal like
breast cancer (defined as ER-/PR-/Her2-/Cytokeratin 5/6+ and /or EGFR+) did not enhance
efficacy of standard chemotherapy (pCR rates: 35% vs. 30% in Carboplatin vs. no Carboplatin
group, p=0.6064). [69]
The phase 3 GeparQuinto study demonstrated that addition of Bevacizumab to conventional
chemotherapy (EC→ T) can further improve pathological CR (pCR) rates in triple negative
breast cancer. [62]. However, as mentioned above, these findings contradict with the NSABP
B40 study where major benefit was obtained in hormone positive cancer. [70] Carboplatin in
combination with weekly nab paclitaxel and bevacizumab is also currently being evaluated in
a clinical study. [71]
Ixabepilone is a new class of semisynthetic microtubule inhibiting drugs which is de‐
rived from natural epithilones. It has shown promising results in metastatic and multi‐
drug resistant (anthracyclines, capecitabine, taxanes) breast cancer. [72]- [76] In a phase 2
study designed to assess benefit of ixabepilone in the neoadjuvant setting, 161 patients
were treated with four cycles of ixabepilone. pCR was observed in 18% in all patients,
but in 29% of ER negative patients, ER gene expression was inversely related to re‐
sponse in this study. [77] A pooled analysis of data from five phase 2 and two phase 3
trials, pCR rates with ixabepilone in the neoadjuvant setting were 26% in TNBC vs. 15%
in non TNBC. [77], [78] Newer non-taxane microtubule inhibiting agents such as eribulin
are being evaluated as NAC for TNBC in clinical trials.
Poly ADP ribose polymerase (PARP) inhibitors inhibit the PARP-1 enzyme which is a DNA
base excision repair enzyme and along with BRCA, is involved in cell’s DNA repair. [79], [80]
It’s role in tumorigenesis in evidenced by it’s upregulation seen in tumor cells, thus protecting
cancer cell DNA from damage and cell death. [81] PARP inhibition leads to cell death by two
mechanisms. First, it causes accumulation of single and double stranded DNA breaks causing
subsequent cell death. Secondly, it causes sensitization to therapeutic DNA damage. [82] Two
trials utilizing PARP inhibitor Iniparib in combination of preoperative setting are underway
and results are expected soon.

11. Role of neoadjuvant chemoradiation
In a multi-institutional study, 105 patients with locally advanced breast cancer were treated
with twice weekly paclitaxel 30mg/m2 for 10-12 weeks and radiation therapy (total 45gy) over
weeks 2-7. Trastuzumab was added to this regimen in patients found to be Her-2 positive.
Pathological response (complete and partial) was achieved in 34% patients and was found to
be significantly higher in hormone receptor negative patients (54%, 95% C.I. 36%-69%) and
triple negative tumors (54%). As expected, patients who achieved pathological response had
higher disease free survival (57 months vs. not reached, HR: 2.85, p<0.001) and overall survival
(84 months vs. not reached, HR: 4.27). [83]

Neoadjuvant Chemotherapy: Role in Breast Cancer
http://dx.doi.org/10.5772/53192

12. Monitoring response to NAC
Assessment of radiological response especially when using MRI or PET scan is very useful
since it may help in early differentiation of responders to NAC from non-responders.
Studies have shown that decrease in tumor volume and enhancement on contrast en‐
hanced MRI is associated with major histopathological response. [84], [85] Loo et al
showed that MRI was able to monitor response to NAC more accurately in TNBC and
Her-2 positive subsets but not in ER+, Her-2 negative subsets. [86] The I-SPY-1 study
found that decrease in tumor volume as assessed by MRI early during treatment with
NAC was a better predictor of pathologic response than measurement of tumor diameter
by physical examination alone.
PET CT is another valuable imaging modality for accurately predicting response to NAC
early in the course if therapy. [87], [88] In a study of 33 patients treated with carboplatin
based NAC, there was significant correlation between FDG PET metabolic response after
first and third cycles and overall survival. [89]
Studies have compared MRI and PET scan as predictors of response to NAC. Choi et al
found that compared to PET CT, MRI was highly predictive of pCR (P<0.005) and better
than PET CT for monitoring response to NAC. [90] However, Rousseau et al found that us‐
ing 60% cut off value for SUV, the sensitivity, specificity and negative predictive value of
PET scan were 89%, 955 and 85% respectively after two cycles of NAC. Values were much
lower for US and mammography. Tateishi et al also found PET CT to be superior to DCE
MRI for pCR prediction after 2 cycles of NAC. [91]

13. Conclusion
NAC is the standard of care in management of locally advanced and inoperable breast can‐
cer. It significantly downstages the tumor, thereby permitting breast conservation surgery.
Anthracycline and taxanes based regimens are most commonly used NAC regimens. For
Her-2 positive tumors, trastuzumab should be included in the NAC regimen. Role of other
targeted therapies in NAC is being investigated.
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1. Introduction
In the earliest days of the modern anti-neoplastic chemotherapeutic era the focus of such
therapy in solid tumor oncology was on the management of recurrent or metastatic cancer.
Over the past several decades the outcomes of such treatment, both an improvement in
survival and a reduction in the toxicities associated with this strategy have made some form
of drug therapy routine care in most advanced human malignancies.
Subsequent efforts demonstrated the effectiveness associated with the administration of antineoplastic agents in the adjuvant setting prior to the documentation of the existence of meta‐
static cancer. Such therapy was justified where there was a recognized known unacceptable
risk that the disease may still be present within the individual patient despite appropriate local
therapy (e.g., surgery, radiation therapy, or both).

2. Rationale for neoadjuvant chemotherapy in the management of
malignant disease
The concept of neoadjuvant chemotherapy is a newer addition to the anti-neoplastic drug
strategies employed in routine cancer management. The several important and unique goals
associated with this approach in contrast to chemotherapy delivered as adjuvant therapy or
as treatment of metastatic disease are outlined in Table 1.
It is reasonable to suggest the initial use of the therapeutic concept of neoadjuvant therapy
developed in settings where individual oncologists believed local disease control would
simply not be able to be achieved due to the extent of local tumor (e.g., large locally-advanced
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breast, bladder or esophageal cancer), where the signs/symptoms of the cancer increased the
risks associated with attempting to accomplish this goal (e.g., rapidly accumulating ascites in
a patient with extensive intra-abdominal carcinomatosis from ovarian cancer), or when
existing co-morbidity precluded consideration of such surgery (e.g., recent history of myo‐
cardial ischemia).
However, in recent years investigators have begun to speculate that rather than simply being
a reluctantly delivered less effective alternative, the successful use of an initial neoadjuvant
approach (chemotherapy alone or combined with external beam radiation) may actually
permit the subsequent undertaking of definitive local/regional treatment to a substantially
larger percentage of patients who present with a particular clinical scenario [1-7].
Thus, the advanced ovarian cancer patient with extensive intra-abdominal cancer who would
have required a very extensive operation of quite uncertain value performed at a time of
nutritional/protein depletion (secondary to massive fluid present within the peritoneal cavity
in addition to poor appetite) may be able to successfully undergo surgery to remove all visible
cancer following the administration of chemotherapy that substantially reduces tumor
volume. In fact, a published landmark phase 3 randomized trial has now confirmed that the
administration of neoadjuvant chemotherapy (carboplatin plus paclitaxel) in this exact clinical
setting not only results in an identical overall survival outcome, compared to primary surgery
in women with advanced ovarian cancer, but actually accomplishes this goal with less
morbidity and surgery-associated mortality [4].
And in the setting of locally advanced breast cancer the administration of neoadjuvant
chemotherapy designed to reduce the extent of tumor involvement may permit disease control
in this region to be achieved without the requirement for a cosmetically unacceptable outcome
(due to the extent of the otherwise necessary surgery) [6,7].
A particularly attractive feature of the concept of neoadjuvant chemotherapy is the ability to
define the inherent chemosensitivity of an individual cancer in vivo within a particular patient.
In certain clinical settings where the biological activity of available chemotherapy is unfortu‐
nately anticipated to be quite modest (at best), knowledge that the specific cancer has decreased
in size prior to surgical resection can be one critically relevant component in the decision to
continue adjuvant therapy with the same drug(s) in that individual.
Similarly, the failure of a neoadjuvant chemotherapy regimen to produce the anticipated
biological and clinical outcome in a particular patient (e.g., advanced ovarian cancer with an
objective response rate of 70-80%) should result in very serious questions being raised about
the wisdom of continuing with the original plan to subject the patient to an attempt at maximal
surgical cytoreduction. In fact, if the patient has failed to respond to the best chemotherapy
available when delivered in the neoadjuvant setting, it is most difficult to see the benefits of
surgery considering the very small changes a second line chemotherapy approach will have a
favorable impact on the course of the illness. It should be noted that in some circumstances
surgical intervention for the specific purpose of providing palliation of distressing cancerrelated symptoms may still be considered appropriate in carefully selected patients even if
definitive surgical resection is realistically no longer a viable therapeutic option.
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With increasing evidence supporting a role of molecular testing in the selection of an optimal
management strategy one could envision a novel role for the neoadjuvant therapy strategy.
Following the performance of such testing, the selection of a novel treatment and the obser‐
vation of an outcome (e.g., tumor regression, progression), the re-biopsy and re-analysis of changes
in the molecular profile of the residual cancer might help inform decisions regarding future therapy. It
is reasonable to anticipate that there will be considerable clinical cancer research undertaken
in the future that employs this basic paradigm. Finally, it is not unreasonable to anticipate that
this approach will someday become a component of standard-of-care medical management in
some malignancies.
1. Reduce the risk of serious treatment-related morbidity or treatment-related mortality associated with attempting to
achieve definitive local disease control
2. Enhance the chances definitive local disease control will be associated with an optimal quality-of-life outcome
3. Increase the proportion of patients in a particular clinical setting who will be candidates to undergo a realistic
attempt to achieve definitive local disease control
4. Demonstrate the relative chemo-responsiveness of a particular cancer or, conversely, chemo-resistance. (Note: Such
data can be helpful in the decision as to whether an aggressive and successful attempt to achieve local disease control
can realistically also be associated with long-term survival).
5. Help determine the potential clinical utility associated with the continued delivery of adjuvant chemotherapy
following the surgical removal/primary radiation treatment of all viable local tumor (in the absence of knowledge of
the existence of any metastatic disease).
6. Avoid a negative impact on outcome in settings where the performance of definitive surgery/radiation
unfortunately must be delayed (for example, due to limited personnel, operating room time/space, or equipment)
7. Obtain tissue prior to and following chemotherapy to determine changes in the molecular profile of residual cancer
with the goal that such information may help predict which therapies might be most beneficial to administer.
Table 1. Rationale for neoadjuvant chemotherapy of malignant disease

3. Conclusion
As outlined in this chapter there is a strong rationale for the delivery of systemic therapy prior
to definitive local/regional treatment of a malignancy. It is relevant to note that not all of the
justifications for this approach highlighted in Table 1 will be operative in a particular clinical
setting. Further, it is important to acknowledge the actual benefits associated with this
therapeutic approach in specific situations will likely ultimately need to be examined in welldesigned evidence-based clinical trials.
However, the genuine opportunity to both increase the patient populations able to undergo
definitive local cancer control while at the same time optimizing quality-of-life outcomes that
are inherent in the general concept of the neoadjuvant approach should serve as a strong
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stimulus to encourage clinical investigators to actively address the use of this strategy as an
important component of routine cancer management.
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1. Introduction
Cervical cancer is still the second most common female malignancy and the second most
common cause of cancer-related mortality in women worldwide. [1] In 1999, the National
Cancer Institute showed that in addition to radiotherapy, cisplatin chemotherapy produced a
therapeutic effect in women with locally advanced cervical cancer (LACC) in 5 randomized
trials. [2-7] However, the standard treatments for early cervical cancer have traditionally
comprised radical hysterectomy with lymph node dissection or cisplatin-based chemoradia‐
tion. [8] Unfortunately, poor prognosis was observed in patients with tumors more than 4 cm
in diameter and a poor survival rate of 50–60% was noted in patients with large tumors. To
improve the therapeutic results, a new approach with neoadjuvant chemotherapy (NACT)
followed by radical surgery or chemoradiation has been introduced. The definition of NACT
in cervical cancer is the administration of chemotherapy for the purpose of reducing the cancer
volume before the main treatment. In the late 1980s, a pilot study of NACT with cisplatin,
bleomycin, and methotrexate performed for 33 patients with a tumor larger than 4 cm showed
a response rate of 75.7% (complete response 12.1%, partial response 63.6%) on histologic
examination. The sites showing a sensitive response to NACT were the vagina, cervix, and
parametrium, in that order. [9] In 1989, Kim et al. performed NACT with vinblastine, bleo‐
mycin, and cisplatin (VBP) in 54 patients and reported a high response rate (81.0%), a low
incidence of lymph node metastasis (20%), and an improvement in the 2-year tumor free
survival rate (94%). [10]
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Since 1990, trials evaluating NACT combined with surgery and/or radiation therapy have been
undertaken, and this combination therapy has been compared with standard treatments such
as radical surgery, radiation therapy, and concurrent chemoradiation.
The aim of this chapter is to investigate the chemotherapy agents used in NACT, know the
rationale of NACT before surgery and/or radiation therapy, and review the articles comparing
results of NACT with that of surgery or radiation for cervical cancer.

2. Agents used in NACT
Historically, cisplatin has been considered the most active platinum agent drug, with a
response rate of 20% in cervical cancer. Although a higher response rate is reported with a
dose of 100 mg/m2 than with a dose of 50 mg/m2, no differences in complete remission rate,
overall survival (OS), and progression-free interval (PFS) were observed between these doses.
A high dose of cisplatin was reported to be related to nephrotoxicity and myelosuppression.
[11] Moreover, alkylating agent groups also contain an ifosfamide agent, which shows a
response rate of 20% at a dose of 1.2 g/m2 for 5 days in cervical cancer. A higher response rate
was noted in patients receiving combination chemotherapy with cisplatin and ifosfamide than
in patients receiving cisplatin only (31.1% vs 17.8%, p = 0.004). However, no significant
difference in OS was found between these groups. [12] Doxorubicin is an anthracycline
antibiotic drug that inhibits the process of cancer cell replication by intercalation into DNA.
The response rate of cervical cancer to doxorubicin is reported as 20%. The most severe side
effect of doxorubicin is cardiotoxicity, which can be fatal. [13] Paclitaxel, which belongs to the
taxane group of drugs, stabilizes polymerized microtubules and inhibits cell division. Pacli‐
taxel shows broad-range activity against a number of solid tumors, including epithelial ovarian
cancer, lung cancer, and breast cancer. A dose of 170 mg/m2 is administered intravenously for
24 hours every 3 weeks. The response rate of cervical cancer to paclitaxel is reported to be 17%.
According to pharmacological studies, the sequence of administration is very important when
paclitaxel is combined with cisplatin for chemotherapy. Administration of cisplatin before
paclitaxel generates more severe hematological toxicity (e.g., neutropenia) than administration
of paclitaxel before cisplatin. This distinction arises because of the delayed clearance of
paclitaxel when paclitaxel is administered after cisplatin. [14]

3. Rationale of NACT
In 1997, Sardi et al. reported the first randomized trial to investigate the role of NACT in 205
stage 1B women with cervical squamous cell carcinoma. [15] The NACT regimen with 10-day
intervals included 3 cycles composed of 50 mg/m2 cisplatin, 1 mg/m2 vincristine, and 25
mg/m2 bleomycin. NACT enabled radical hysterectomy for inoperable bulky cervix cancer and
improved the rate of complete resectability. [15, 16] NACT reduced the pelvic recurrence rate
significantly and increased the survival rate while decreasing the rate of parametrial invasion
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and lymph node metastasis. An initial tumor size of less than 4.8-cm diameter showed a better
response to NACT than a larger tumor size. [16] As the size of the tumor increases, the
proportion of hypoxic cancer cells with decreased chemosensitivity increases. Therefore, the
potential for complete resection decreases for large tumors. [17, 18] NACT increased the
sensitivity of tumor cells to radiation therapy and decreased the proportion of hypoxic cells.
Moreover, chemotherapy can be more effectively delivered to tumor volume before blood
vessel is destructed by surgery or radiation therapy. [19] However, an undesired delay in the
main treatment and resistance to radiation therapy can occur after NACT. [20, 21]

4. Dose of chemotherapy and interval of cycles in NACT
In 2003, the results of a large-scale meta-analysis that systemically reviewed 21 randomized
trials were reported. [22] In a comparison of NACT followed by radiation therapy with
radiation therapy alone, 2,074 patients in 18 randomized trials were considered for metaanalysis. NACT provided a benefit in survival for cervical cancer patients treated with shorter
(interval ≤ 14 days) (hazard Ratio {HR}, 0.83; 95% confidence interval {CI}, 0.69–1.00; p = 0.046)
and more dose-intensive (cisplatin ≥ 25 mg/ m2/cycle) (HR, 0.91; 95% CI, 0.78–1.05, p = 0.20)
regimens. In contrast, survival was less favorable in patients treated with longer (interval ≥ 14
days) (HR, 1.25; 95% CI, 1.07–1.46; p = 0.005) and less dose-intensive (cisplatin ≤ 25 mg/m2/
cycle) (HR, 1.35; 95% CI, 1.11–1.14; p = 0.002) regimens. Moreover, in a comparison of NACT
followed by surgery with radiation therapy, 872 patients from 5 randomized trials were
reviewed and a significant decrease in the risk of death was found (HR, 0.65; 95% CI, 0.53–
0.80; p = 0.0004). As a result, a short interval and a high dose of cisplatin appear to offer a great
advantage for survival in cervical cancer patients. [22]

5. Neoadjuvant chemotherapy plus surgery versus surgery for cervical
cancer
In 2010, the Cochrane Database of Systematic Reviews curated by the MRC Clinical Trial Unit,
London, UK, [23] demonstrated the role of NACT in women with early or LACC. This systemic
review included 1072 patients, and outcomes such as OS, PFS, pathological response, recur‐
rence rate, and resection rates were investigated. Increased PFS (HR, 0.76; 95% CI, 0.62–0.94;
p = 0.01), decreased rate of parametrial invasion (odds ratio {OR}, 0.58; 95% CI, 0.41–0.82; p =
0.002), decreased rate of lymph node metastasis (OR, 0.54; 95% CI, 0.39–0.73; p < 0.0001),
reduced recurrence at both local (OR, 0.76; 95% CI, 0.49–1.17; p = 0.21) and distant (OR, 0.68;
95% CI, 0.41–1.13; p = 0.13) sites, and resection rate (OR, 1.55; 95% CI, 0.96–2.50; p = 0.07) were
observed in this review. Disappointingly, no OS benefit was noted (HR, 0.85; 95% CI, 0.67–
1.07; p = 0.17). Although favorable results were noted in patients treated with NACT followed
by surgery, a significant advantage with regard to OS was not seen. Therefore, the beneficial
role of NACT over surgery alone is still unclear in women with early-stage or LACC. [23]
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6. Neoadjuvant chemotherapy plus radical surgery versus radiation
therapy
Between 1990 and 1996, a randomized trial was performed in 14 Italian centers, and 441 women
were categorized into 2 groups: NACT followed by surgery patients and radiation only
patients. For patients with stage IB2 to IIB tumors, treatment with NACT and surgery showed
a 5-year survival rate of 64.7% and a PFS rate of 59.7%. These values were significantly greater
than those in the radiation only group (18.3% and 13.0%, respectively) (p = 0.005 and p = 0.02,
respectively). [24] However, an analysis of patients with stage III tumors only showed no
significant differences in OS and PFS (OS: 41.6% vs 36.7%, p = 0.36; PFS: 41.9% vs 36.4%, p =
0.29). With this result, it may be suggested that the more progressed is tumor volume, the lesser
benefit of NACT and subsequent surgery is noted over radiation therapy. Multivariate analysis
showed that OS and PFS were significantly affected by stage, treatment modality, cervical
tumor diameter, and lymph node metastasis on computed tomography/lymphangiography.
The relative risk of OS in patients treated with NACT plus surgery compared with patients
treated with radiation only was 0.63 (95% CI, 0.47–0.86). However, no significant differences
were observed in the pattern of recurrence between the NACT plus surgery group and the
radiation group. [24] In this study, NACT followed by surgery showed better results with
regard to OS and PFS than the radiation only group.
On the other hand, Cervical Cancer Study Group of the Asian Oceanian Clinical Oncology
Association [25] performed a chemotherapy of cisplatin 60 mg/m2 and epirubicin 110 mg/m2
at 3-week intervals for three cycles, and reported that NACT prior to radiation for cervical
cancer patients with stage IIB-IVA showed a significantly higher pelvic recurrence rate
compared to those who were treated with radiation therapy alone (p < 0.003). Also, lower
response rate and inferior survival outcome were noted in patients treated with NACT before
radiation compared to patients who received radiation therapy alone. This randomized trial
of epirubicin and cisplatin chemotherapy followed by pelvic radiation in LACC failed to
demonstrate advantage to NACT prior to radiation over radiation therapy alone in local
control and tumor response. [25]

7. Neoadjuvant chemotherapy plus radical surgery versus surgery only and
concurrent chemoradiation therapy only
Retrospective review of the follow-up reports of 476 patients with stage IB2-IIB cervical cancer
enrolled from 2000 to 2005 indicated that patients treated with NACT followed by surgery
showed significantly higher 5-year survival rates than both the radical surgery (OS: HR, 1.813;
p = 0.0175) and concurrent chemoradiation treatment (OS: HR, 3.157; p < 0.0001) groups. [26]
Moreover, in the NACT plus surgery group, NACT with a combination of paclitaxel and
cisplatin (TP) chemotherapy improved the long-term disease-free survival (DFS) and OS
compared NACT with a chemotherapy regimen of vincristine, bleomycin, and cisplatin (VBP)
(p < 0.001). A tumor size of more than 4 cm caused a significant reduction in both the 5-year
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DFS and OS rates (HR, 1.762; 95% CI, 1.131–2.744; p = 0.0122 and HR, 1.669; 95% CI, 1.164–
2.392; p = 0.0053, respectively). The limitation of this study is that a selection bias resulted
because of the retrospective nature of the investigation. In terms of the proportion of patients
with a tumor larger than 4 cm, a higher rate was observed in the concurrent chemoradiotherapy
group than in the NACT plus surgery group (77.7% vs 49.7%). [26]

8. The drug combination and regimen of NACT
In 1983, Friedlander reported that a combination of cisplatin (60 mg/m2 on day 1), vinblastine
(4 mg/m2 on days 1 and 2), and bleomycin (15 mg on days 1, 8, and 15) followed by radiation
therapy and/or surgery was performed for 35 cervical cancer patients at 3-week intervals. In
this study, 66% of cancer patients showed responsiveness, with 18% showing complete
responsiveness, to NACT with radiation and/or surgery. [27]
Between 1983 and 1990, Hwang et al. enrolled 80 women with stage IB to IIB cervical cancer
with a tumor diameter of more than 4 cm. A NACT regimen of VBP followed by radical
hysterectomy with pelvic lymphadenectomy showed overall 5-year and 10-year DFS rates of
82.0% and 79.4%, respectively. The VBP regimen is considered a tolerable combination with
low hematological toxicity and a favorable response rate. [28] In 1990, Lara et al. reported that
the administration of cisplatin and ifosfamide chemotherapy was an effective anti-cancer
remedy for cervical cancer IIIB patients as a neoadjuvant treatment. The chemotherapy
schedule was composed of 20 mg/m2 cisplatin on days 1–5 and 1.5 g/m2 ifosfamide on days 1–
5. Thereafter, radiotherapy was performed, and 62.5% of patients experienced at least a 50%
reduction in tumor size. The authors reported that these results were superior to those for
radiotherapy alone. [29]
The SNAP01 (Studio Neo-Adjuvante Portio) randomized trial was performed in 21 Italian
centers from 1997 to 2000, and 219 patients were divided into 2 groups: 113 women were treated
with the ifosfamide, and cisplatin (IP) combination regimen and 106 received the paclitaxel,
ifosfamide, and cisplatin (TIP) combination regimen. [30] The response rate of patients treated
with the IP regimen was 23%, whereas that of patients treated with the TIP regimen was 48%
(p = 0.0004). However, the HR was not significant for patients treated with the TIP regimen
(HR, 0.66; 95% CI, 0.39–1.10; p = 0.11) and those treated with the IP regimen with respect to
OS. Hematological toxicity was more severe in the TIP regimen group; therefore, women older
than 70 years or those with renal problems were not recommended for intense NACT. The
authors suggested that the optimal response rate could be used as a surrogate marker for
survival. Thus, optimal response rate can be used as a cornerstone to quickly monitor the
therapeutic results in cervical cancer patients.
Helena et al. [31] performed NACT in 141 women with cervical cancer 1B (1B1: 30 patients,
1B2: 111 patients) from 1998 to 2008. A regimen of cisplatin (75 mg/m2) and ifosfamide (2
g/m2) was used in patients with squamous cell cervical cancer and a combination of cisplatin
(75 mg/m2) and doxorubicin (35 mg/m2) was used in women diagnosed with adenocarcinoma.
The NACT cycle was 3 days, and the interval was 10–14 days. The most common hematological
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toxicity was neutropenia. Interestingly, 69.5% of women who were treated with NACT
experienced a reduction in tumor size of more than 50%, and 11.3% of patients showed no
residual malignancy on pathological examination after NACT. Further, the 5-year survival rate
was 80.6%, and 56.8% of patients are now disease free.
From 1999 to 2004, Bae et al. [32] enrolled 112 patients with stage IB to IIB tumors who were
treated with 3 cycles of NACT composed of cisplatin (60 mg/m2 on days 1 and 2) and etoposide
(100 mg/m2 on day 1). Etoposide is a topoisomerase inhibitor that inhibits the re-ligation of
DNA strands and induces breaks in DNA strands. Etoposide can induce cell death through
autophagy. The authors demonstrated that NACT followed by surgery resulted in 5-year OS
and PFS rates of 88.1% and 60.5%, respectively.
Between 2000 and 2002, Park et al. [19] administered a NACT regimen of paclitaxel (60
mg/m2 on day 1) and cisplatin (60 mg/m2 on day 1) for 43 stage IB2 to IIB cervical cancer
patients, with 3 cycles every 10 days. The authors reported a high response rate of 90.7%, with
a complete response rate of 39.5% (11.6% confirmed by pathology), a partial response rate of
51.2%, and no cases of progression. Thirty-one of 43 patients (72.1%) experienced downstaging
of cervical cancer. The 43 patients underwent radical hysterectomy and lymph node dissection
after NACT. The 2- and 5-year DFS rates were 94.5% and 89.2%, respectively. Response after
NACT, differentiation of cancer cells, and metastasis were reported to be associated with
survival. The authors insisted that the reduced delay because of the shorter interval of NACT
had a positive effect on survival. [33]
In 2004, NACT was successfully used in fertility-preserving radical trachelectomy for young
women with early-stage cervical cancer. The chemotherapy regimen was composed of
paclitaxel (175 mg/m2 on day 1), cisplatin (75 mg/m2 on day 2), and ifosfamide (5 g/m2 over 24
hours). [34]
Between January 2006 and December 2009, 123 women with stage IB2 to IIA cervical cancer
were randomly divided into 4 groups. The NACT combination was cisplatin (50 mg/m2) and
5-fluorouracil (750 mg/m2) at a 2-week interval. No significant differences in 3-year PFS and
OS were observed between the 4 groups. [35]
Between 2007 and 2010, 46 cancer patients with stage IB2 to IIIB tumors were enrolled. The
NACT schedule was topotecan (0.75 mg/m2 on days 1–3) followed by cisplatin (75 mg/m2 on
day 1). The authors examined the therapeutic results in patients treated with NACT followed
by surgery. They found that 89.5% of patients experienced a pathological response and 15.8%
achieved a complete response. The 2-year PFS and OS of the 38 patients treated with NACT
and surgery were 79% and 95%, respectively. [36]
In 2012, the Japanese Gynecologic Oncology Group reported a phase II NACT study with
irinotecan hydrochloride and nedaplatin followed by radical hysterectomy for bulky stage IB2
to IIB cervical squamous cell carcinoma. Sixty-six patients were treated with irinotecan (60 mg/
m2 on days 1 and 8) and nedaplatin (80 mg/m2 on day 1) with a 21-day interval. Radical
hysterectomy was performed after NACT, and the response rate was 75.8%. Of these patients,
72.2% complained of neutropenia, and the side effects of NACT were acceptable. [37]
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9. Neoadjuvant chemotherapy plus radical surgery followed by
chemotherapy
Between 2000 and 2007, NACT (cisplatin 100 mg/m2 and paclitaxel 175 mg/m2, 3 cycles every
3 weeks) plus surgery followed by 4 cycles of platinum-based adjuvant chemotherapy was
performed by Angioli et al. The authors reported that the 5-year OS and DFS rates were
81% and 70%, respectively. The 5-year OS rates of cervical cancer patients with positive and
negative lymph nodes were 75% and 88%, respectively. The authors showed that adjuvant
chemotherapy after NACT and surgery could be useful for patients with LACC. [38]

10. Currently ongoing randomized trial
A randomized phase III trial comparing the effectiveness of cisplatin-based NACT followed
by radical hysterectomy with the effectiveness of concomitant radiotherapy and chemotherapy
in patients with stage IB2 or stage II cervical cancer has been undertaken by the European
Organization for Research and Treatment of Cancer (55994). However, the results of that phase
III trial have been not yet published.

11. Conclusion
A review of the literature associated with NACT showed that most chemotherapy regi‐
mens included cisplatin (Table 1 and Table 2). Recently, the number of clinical trials that
include the use of paclitaxel chemotherapy has gradually increased. A short interval between
cycles and a high dose of cisplatin were considered optimal for NACT. Three cycles was
the most frequently used method in NACT for cervical cancer. In general, the side effects
and toxicity of NACT seemed acceptable for patients with cervical cancer. In a review of
medical literatures, high response rate after cisplatin-based NACT provided an advantage
to surgery and prevention of lymph node metastasis. Moreover, NACT prior to surgery
showed acceptable improvement in survival rate in phase III trial. However, no definitive
agreement on the best management strategy for NACT has been determined for early and
LACC. Therefore, clinicians should carefully compare the efficacy of NACT with the
disadvantages of the delayed start of the main treatment and the toxicities associated with
chemotherapy.
In the future, early markers or clinical variables for monitoring the effect of NACT during the
early phase may be helpful for determining the optimal treatment for cervical cancer patients.
Further, drugs that are highly effective for cervical cancer will need to be developed for the
NACT regimen. For the determination of optimal treatment in cervical cancer, advantages of
NACT should be evaluated in phase III trial compared to standard treatments.
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Authors

Friedlander
[27]

Publication

Number

Stage

1983

35

IIB

Comparison
cisplatin (60 mg/m2 day1), vinblastine (4 mg/m2, days 1 and 2), and

66%

bleomycin (15 mg, days 1, 8, and 15) followed by radiation therapy

(complete response

and/or surgery

Lara [29]

1990

26

IIIB

Hwang [28]

2001

80

IB-IIB

Park [19]

2004

43

IB-IIB

2005

113

IB-IV

18%)

cisplatin (20 mg/m on day 1-5) and ifosfamide (1.5 g/ m on day 1-5)
2

62.5%

2

cisplatin (50 mg/m2 day1), vinblastine (4 mg/ m2, days 1), and
bleomycin (16 mg/ m2, days1, 2)

93.7%
(complete response
50%)

paclitaxel (60 mg/m , day 1) and cisplatin (60 mg/m , day 1)
2

cisplatin 75 mg/m
Buda [30]

Response rate

2

90.7%

2

paclitaxel 175 mg/m2

48%

ifosfamide 5 g/m2
Bae [32]

2008

112

IB-IIB

Helena [31]

2010

141

IB

cisplatin (60 mg/m2, days 1, 2) and etoposide (100 mg/m2, day 1)

69.7%

cisplatin (75 mg/m2) and ifosfamide (2 g/m2)

69.5%

Table 1. Pilot study of neoadjuvant chemotherapy for cervical cancer

Authors

Publication

Number

Stage

Comparison

1991

107

IIIB

NACT+RT vs RT

1993

151

IIB~III

NACT+RT vs RT

methotrexate, chlorambucil, vincristine, cisplatin

Tattersall [25]

1995

260

IIB~IVA

NACT+RT vs RT

cisplatin 60 mg/m2 and epirubicin 110 mg/m2 day 1

Sardi [15]

1997

205

IB

NACT+RT vs RT

Kumar [41]

1998

184

IIB~IVA

NACT+RT vs RT

bleomycin, ifosfamide, cisplatin

Symonds [42]

2000

204

IIB~IVA

NACT+RT vs RT

methotrexate 100 mg/m2, cisplatin 50 mg/m2

Chang [43]

2000

124

IB~IIA

NACT+RS vs RT

Herod [44]

2000

172

IB~IVA

NACT+RS vs RT

2002

441

IB~III

NACT+RS vs RT

2012

123

IB-IIA

Souhami [39]
Chauvergne
[40]

BenedettiPanici [24]
Wen [35]

NACT+RS vs RS vs BT
+RS vs IACT

Neoadjuvant chemotherapy
Bleomycin 15U IM days 1-4, vincristine 1mg/m2 day 1,
mitomycin C 10 mg/m2 day 1, cisplatin 50 mg/m2 day 1,

vincristine 1mg/m2 day 1, cisplatin 50 mg/m2 day 1,
bleomycin 25 mg/m2 days 1-3

vincristine 1mg/m2 day 1, cisplatin 50 mg/m2 day 1,
bleomycin 25 mg/m2 days 1-3
bleomycin 30 units/24-hour infusion, ifosfamide 5 g/m2/24 hours,
cisplatin 50 mg/m2
cisplatin-based NACT ( with a "/>240 mg/m2 total cisplatin dose)

cisplatin (50 mg/m2) and 5-fluorouracil (750 mg/m2) at a 2-week interval

NACT:neoadjuvant chemotherapy, RS: radical surgery, RT: radiation therapy, BT:Brachy radiation, IACT:Intra-arterial
chemotherapy
Table 2. Randomized controlled trial about neoadjuvant chemotherapy for cervical cancer
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Chapter 7

Neoadjuvant Chemotherapy in the Management of
Advanced Ovarian Cancer and Primary Cancer of the
Peritoneum: Rationale and Results
Maurie Markman
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/55394

1. Introduction
For more than 40 years the standard-of-care in the management of advanced ovarian cancer
and primary peritoneal cancer has been an attempt to optimally cytoreduce (“debulk”) disease
present within abdominal cavity prior to the administration of cytotoxic chemotherapy [1-3]. Several
justifications have been advanced in support of this general approach to disease management
(briefly summarized in Table 1).
Remove all or most macroscopic tumor to permit the subsequent delivery (via capillary flow or intraperitoneal drug
delivery) of optimal concentrations to any residual cancer of an effective anti-neoplastic chemotherapy regimen
(platinum-based)
Reduce the risk for the development of resistance resulting from the delivery of inadequate concentrations of
cytotoxic drug therapy
Rapidly decrease cancer-related symptoms due to the presence of intra-abdominal cancer (e.g., pain, inability to eat)
Enhance the nutritional status to permit improved tolerance of the chemotherapy regimen
Optimize the functional status of the immune system following removal of large tumor bulk
Table 1. Rationale for primary surgical cytoreduction in advanced ovarian cancer

A rather substantial number of single investigators, single institutions, and multi-institutional
experiences have reported data that support the concept that patients who undergo successful
primary surgery experience an anticipated statistically-significant superior survival outcome
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compared to patients who are treated with primary chemotherapy (no attempt to cytoreduce
the cancer following the diagnosis) or who fail to be able to undergo successful cytoreduction
despite a reasonable attempt by a gynecologic cancer surgeon [2-4]. Unfortunately, and rather
remarkably considering the extensive use of this strategy, the utility of primary surgical
cytoreduction has never actually been documented in a prospective phase 3 randomized trial.
In fact, while there should be no legitimate disagreement with the statement that the popula‐
tion of advanced epithelial ovarian cancer patients who initiate platinum-based chemotherapy
with the smallest volume of residual cancer will be anticipated to experience the most favorable
survival outcome, it remains uncertain today if the “favorable outcome” results from the skills
of the individual gynecologic cancer surgeon or is more related to the “favorable biology” of
the cancer which also grows and progresses in a pattern and location that is more conducive
for resection, in contrast to more aggressive and widespread malignancies. For example, it is
quite plausible that the same poorly understood biological/molecular factors that render a
particular tumor more chemo-resistant (either de novo or early in the clinical course) also
substantially influence resectability (e.g., presence or absence of diffuse carcinomatosis within
the peritoneal cavity or extensive retroperitoneal involvement with the cancer).

2. Evidence-based data supporting a role for surgical cytoreduction in
advanced ovarian cancer at some point during the course of the illness
Despite the absence of phase 3 randomized trial data demonstrating the utility of primary
surgical cytoreduction in advanced ovarian cancer, a landmark European phase 3 study revealed
the benefits of an interval surgical cytoreductive procedure following an initial surgery and
the administration of several cycles of cytotoxic chemotherapy [5]. In this trial patients were
randomized to undergo primary surgical cytoreduction followed by six cycles of platinumbased chemotherapy versus having the surgery, followed by three cycles of the same chemo‐
therapy, which was followed by a second attempt at surgical cytoreduction (“interval
cytoreduction”) and then three more cycles of chemotherapy. Patients randomized to the
interval surgical procedure experienced a statistically significant improvement in overall
survival compared to women not offered this second surgical procedure.
However, a second study conducted in the United States which employed a similar “interval
cytoreduction” approach but utilized a cisplatin plus paclitaxel regimen versus cisplatin plus
cyclophosphamide utilized in the European study failed to demonstrate an improvement in
survival associated with the second surgery [6]. While it is always difficult to compare the
outcome results across two independent clinical trials, the difference in the overall aggres‐
siveness of the primary surgical approach in the United States may explain (at least in part)
the somewhat surprising differences between the two studies.
Considering the results of these two well-performed evidence-based studies one might suggest
the data support the concept that ovarian cancer patients appear to experience benefit from an
attempt to maximally cytoreduce intraperitoneal disease but it does not make a major differ‐
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ence if that surgery is performed at the initial diagnosis or as a component of an attempt to
administer primary chemotherapy followed by definitive surgery.

3. Neoadjuvant chemotherapy of advanced ovarian cancer
The rational supporting the use of neoadjuvant chemotherapy in the management of advanced
ovarian cancer is outlined in Table 2. The earliest experience with this approach focused on
patients who were simply too ill to undergo primary surgery, or were believed to be an
unacceptable surgical risk (e.g., large bilateral cancer-related pleural effusions) [7].
Manage patients unable to undergo primary surgical cytoreduction either because of extensive disease or the
existence of co-morbidities increasing the risk associated with the procedure
Reduce the morbidity and possibly mortality associated with aggressive surgery of extensive intra-peritoneal ovarian
cancer
Improve the nutritional status of patients prior to the performance of a major abdominal surgery, specifically to
reduce the risk of a serious adverse event.
Determine if an individual cancer is chemo-sensitive and whether it is appropriate to attempt to cytoreduce the
cancer. (The basic argument here is that patients with chemo-resistant cancers are most unlikely to benefit from an
attempt at surgical cytoreduction. Of course, surgery may be clinically indicated to provide short-term palliation of
distressing cancer-related symptoms [e.g., colostomy for large-bowel obstruction].)
Table 2. Rationale for neoadjuvant chemotherapy of advanced ovarian cancer

However, many patients who achieved a major objective and subjective response following
several cycles of platinum-based chemotherapy were found to have sufficiently improved their
overall performance status to permit surgical intervention. In several reports documenting the
outcome of patients managed in this manner there was evidence that the survival outcomes
were not terribly different “compared to” individuals of a similar age and initial tumor volume
who were managed with primary surgery followed by chemotherapy [8-10]. It is critical to
acknowledge here that such comparisons are fraught with great danger due to the potential
for major selection bias in the populations of individuals who might undergo neoadjuvant
chemotherapy versus primary surgical cytoreduction [7].

4. Phase 3 trial of primary surgical cytoreduction compared to neoadjuvant
chemotherapy followed by surgical cytoreduction in advanced ovarian
cancer
In fact, the only way to directly address the issue of the overall clinical utility of primary
surgical cytoreduction versus neoadjuvant chemotherapy and a subsequent attempt to achieve
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maximal surgical cytoreduction would be to perform a randomized trial. In another landmark
clinical study a multi-institutional cooperative group consortium reported the results of a welldesigned and conducted phase 3 trial involving 670 women with advanced ovarian cancer or
primary peritoneal cancer who either underwent primary surgery followed by chemotherapy
with carboplatin plus paclitaxel or were treated initially (after the diagnosis was confirmed)
with the same chemotherapy followed by cytoreductive surgery with additional chemother‐
apy subsequently administered [11].
The study outcomes are summarized in Table 3. There was no difference in survival between
the two approaches, but overall serious morbidity was considerably lower in the neoadjuvant
chemotherapy group. Of interest, within each country where this study was conducted it was
observed that compared to the percentage of patients able to be optimally cytoreduced in the
primary setting there was a higher proportion of women able to achieve this clinical state in
the trial arm where neoadjuvant chemotherapy was followed by interval cytoreduction.
Primary Surgical

Neoadjuvant

Cytoreduction

Chemotherapy

12 months

12 months

Hazard ratio: 1.01

29 months

30 months

Hazard ratio: 0.98

2.5%

0.7%

Grade 3-4 hemorrhage

7.4%

4.1%

Infection

8.1%

1.7%

Venous complications

2.6%

0%

Progression-Free Survival
(median)
Overall Survival (median)
Mortality (death within 28
days after surgery)

Table 3. Summary of results of the phase 3 trial comparing primary cytoreductive surgery to neoadjuvant
chemotherapy followed by surgery in advanced ovarian cancer 11

5. Summary and reasonable conclusions regarding utility of neoadjuvant
chemotherapy of advanced ovarian cancer based on available evidencebased data
Despite the results of this well-conducted multi-center phase 3 randomized trial there
continues to be considerable controversy within the gynecologic cancer clinical research
community regarding a standard/routine role for neoadjuvant chemotherapy in the manage‐
ment of advanced ovarian and primary peritoneal cancers. This response should not be
surprising when one considers both the number of years primary surgical cytoreductive
procedures have been the standard-of-care and the number of trainees worldwide who have
been taught this should be the standard.
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In fact, some have argued (in the absence of any randomized trial data) for essentially the
opposite approach in patients with the most advanced disease and have advocated for even more
aggressive primary surgery (including resection of metastatic cancer in the liver and chest)
rather than chemotherapy followed by surgery after a favorable response is documented [12].
The justification for this strategy is once again retrospective data demonstrating patients with
the smallest volume of residual cancer (microscopic disease only) have the most favorable
outcomes.
As previously noted, the problem with this conclusion is that it remains completely unknown
if such outcomes are the result of the impressive skills of individual surgeons (and those of the
institutions caring for patients undergoing such surgery) or simply the selection of patients
with the most favorable tumor biology. Of course, it is possible that the true answer to this
important question is a variable combination of both factors.
However, despite statements by some in the gynecologic oncology community to the contrary,
the current evidence from the conduct of two well-designed and conducted phase 3 random‐
ized trials strongly indicates that acceptable initial management of advanced ovarian cancer
includes the delivery of neoadjuvant platinum-based chemotherapy (following the diagnosis
of a malignancy consistent with ovarian cancer) and the subsequent performance of an interval
cytoreductive procedure designed to remove all residual macroscopic cancer (if technically
feasible). This surgery will then be followed by additional chemotherapy designed to optimize
both the extent and duration of the response and overall survival.
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Edited by Maurie M. Markman

In the chapters of this excellent text, the authors have described advances in the
neoadjuvant chemotherapeutic management of a number of tumor types. Based on the
extensive experience with this management concept in breast cancer, several chapters
are devoted to this important topic (Section 1). Section 2 deals with the administration
of neoadjuvant chemotherapy in non-breast malignancies. Those who read and
study the content of the chapters in this book will come away with a far greater
understanding of the rationale supporting neoadjuvant chemotherapy, the existing
evidence-based data regarding its use, limitations of the approach, and required
future investigative efforts to learn how to optimize the benefits of this innovative
management concept.
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