
Introduction

Multiple randomized trials have demonstrated that 
for patients with breast cancer who require
chemotherapy, no difference in survival is conferred
if chemotherapy is given before (neoadjuvant) or
after (adjuvant) surgery [1–6]. However, neoadjuvant
chemotherapy for the treatment of breast cancer
does have some advantages, such as the potential
for converting disease that would otherwise require
mastectomy for local control to that which can be
treated by breast conservation, improved stratification
of patients by prognosis according to tumour and
nodal response, and the ability to assess tumour
response to different chemotherapeutic regimens.
Due to these advantages, neoadjuvant chemotherapy

can be considered for some patients with operable
breast cancer who we know would undergo adjuvant
chemotherapy based on tumour and nodal status
determined pre-operatively. Herein I discuss the sur-
gical considerations involved in managing breast
cancer in these patients.

Evaluation of patients being considered 
for neoadjuvant chemotherapy

A diagnosis of invasive carcinoma of the breast
should be confirmed followed by an accurate assess-
ment of the clinical stage. The basis for establishing
candidacy for neoadjuvant chemotherapy should be
the result of clinical and pathological examination.
Furthermore, six questions should be asked if neoad-
juvant chemotherapy is being contemplated.

1. Could giving neoadjuvant chemotherapy convert
the required surgical treatment from mastectomy
to breast conservation?
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2. Can the patient be followed over time to monitor
clinical response to chemotherapy, and, based on
the tumour histology, is a response to chemother-
apy likely?

3. Can the tumour be identified easily after
chemotherapy?

4. How much tissue should be removed if the
tumour shows a clinical response?

5. How will the regional nodes be evaluated for
metastases?

6. Is there an intellectual benefit derived by the 
clinician, such as the patient participating in 
clinical protocols that measure improvement 
in pathological response, conversion rates from
mastectomy to breast-conservation therapy,
mechanisms of response, changes in molecular
markers and survival outcomes by giving neo-
adjuvant chemotherapy?

Assessment of clinical stage

The clinical disease stage should be determined after
a thorough medical history, physical and radiographic
examinations, preferably by a multidisciplinary group
consisting of a radiologist and medical, surgical and
radiation oncologists. Tumour size, skin involvement
(e.g. ulceration, peau d’orange, erythema, oedema,
dimpling), nipple involvement and any suspicious
regional adenopathy should be documented.

The use of mammography to determine the extent
of disease is vital, as the presence of diffuse or sus-
picious calcifications may be a contraindication for
breast-conservation therapy (Table 1). Additional
sonographic imaging of the breast to identify other
foci of cancer and documentation of the extent of
regional adenopathy by fine-needle aspiration is also
very helpful [7]. The benefit of magnetic resonance
imaging (MRI) as a screening tool for breast cancer
has not been proven in a large, randomized setting
[8,9]. However, limited data are emerging that MRI is
an effective adjunct to mammography and sonography
for the evaluation of patients at high risk for breast
cancer [10,11]. Currently, positron emission tomog-
raphy (PET) is not used for detecting primary breast
cancers because of its inability to visualize small
malignancies [12].

Cosmetic benefits of neoadjuvant
chemotherapy 

Breast-conservation therapy with optimal cosmetic
results may not be possible for patients with rela-
tively large tumours and small breasts; mastectomy
might be a better choice for such patients. However,
the ability of neoadjuvant chemotherapy to shrink
tumours may allow patients who would otherwise

require mastectomy to undergo breast conservation
instead. Furthermore, patients who are candidates
for breast conservation to begin with may derive
additional cosmetic benefit from undergoing neo-
adjuvant chemotherapy because of the potential for
removing still smaller amounts of tissue as the amount
of tissue removed is inversely proportional to the
cosmetic outcome [13].

The feasibility of breast-conservation surgery after
neoadjuvant chemotherapy for large, operable breast
cancers has been confirmed in many studies (Table 2).
However, attempts to achieve better cosmetic out-
come by giving neoadjuvant chemotherapy followed
by excision of the smallest possible amount of tissue
from the breast raises concern regarding increased
rates of local failure. Several studies have shown that
local failure rates were not high when local treatment
included surgery and radiation therapy after neo-
adjuvant chemotherapy [1,2,4,14,15]. The relatively
high local recurrence rates of 13% [16], 27% [17]
and 28% [18] reported in these studies reflected 
the use of radiation as the only local treatment after
neoadjuvant chemotherapy.

Assessment of clinical response

To determine the best time for surgery in conjunction
with neoadjuvant therapy, it is important to be able
to assess the tumour’s clinical response, both by
physical examination and by radiography. Appropriate
tumour markers such as metallic clips should be
placed before initiating neoadjuvant chemotherapy
if the tumour is �2 cm in diameter [19]. If no markers
are placed at that time, careful monitoring of the
tumour should be performed and a clip marker placed
if the tumour appears to be responding well.

Throughout the course of chemotherapy, tumour
response is monitored by physical examination after
each cycle. Although radiographic imaging is less than
optimal for predicting which tumours respond patho-
logically after neoadjuvant chemotherapy, mammog-
raphy, sonography, or both should be performed
after the fourth cycle of chemotherapy, as the max-
imum response typically will have occurred at that time
for most tumours [20]. The use of MRI [21–23] or PET
imaging [24] to monitor response seems promising,
although their sensitivity remains to be established

Table 1. Indications for breast-conservation therapy for 
early-stage breast cancer after neoadjuvant chemotherapy.

Desire for breast-conservation
Ability to undergo radiation therapy
Absence of diffuse suspicious microcalcifications
Absence of multicentric disease
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in large multicenter trials. If the patient’s tumour does
not seem to be responding or progressing, surgery
followed by pathological analysis may be appropri-
ate to determine the appropriateness of using another
non-resistant agent as adjuvant therapy.

Infiltrating lobular carcinoma is a histological vari-
ant that appears to respond poorly to neoadjuvant
chemotherapy [25,26]. In addition, assessing the
extent of disease and response to chemotherapy in
patients with this type of cancer is notoriously difficult
by physical examination or current imaging methods
[8]. Both Cocquyt et al. [25] and Mathieu et al. [26]
found that the rates of conversion from mastectomy 
to breast-conservation therapy were much lower 
for patients with infiltrating lobular carcinoma than for
patients with invasive ductal carcinoma. Therefore,
neoadjuvant chemotherapy for patients with this
type of tumour who are trying to attempt breast-
conservation therapy by shrinking the tumour may not
be worthwhile. However, if acceptable cosmesis can
be obtained with or without neoadjuvant chemother-
apy, breast-conservation therapy should not be with-
held from patients with infiltrating lobular carcinoma,
as breast conservation does not seem to produce
inferior locoregional recurrence or survival rates rela-
tive to mastectomy [25–28]. Despite the lack of patho-
logical response to chemotherapy it is still important
that patient’s diagnosed with infiltrating lobular carci-
noma receive adjuvant or neoadjuvant chemotherapy
as this histology may have a different biology than its’
more common counterpart, invasive ductal carcinoma.

Localization of tumours

Depending on the chemotherapeutic regimen used,
approximately 7–52% of patients with breast cancer
have a complete clinical response to chemotherapy,

whereas only 2–23% will have a complete pathological
response, explaining the need for surgical treatment
after neoadjuvant chemotherapy [29]. Placing clips
in the tumour bed before the initiation of chemother-
apy or early during chemotherapy is important for
intraoperative identification of a lesion with wire-
guided localization both for the surgeon and patholo-
gist. Failure to place a localization marker before
chemotherapy is begun may result in a need for
mastectomy after neoadjuvant chemotherapy if the
lesion cannot be identified with any imaging method
or the location of the lesion cannot be reconstructed
accurately from previously acquired radiographic
images.

Volume of tissue resected

The question of how much tissue should be resected
intra-operatively in the event of a partial or complete
response after chemotherapy (i.e. the size of the
original tumour or only gross residual disease) remains
controversial, largely because tumours that respond
to chemotherapy may not shrink uniformly. In the
randomized National Surgical Adjuvant Breast and
Bowel Project B-18 investigating preoperative
chemotherapy for patients with operable breast 
cancer, the rate of ipsilateral breast tumour recurrence
was 15.9% among patients converted from mastec-
tomy to breast-conservation therapy; however, the
rate of recurrence was only 9.9% among patients 
who were initial candidates for breast-conservation
therapy. Whether this difference in recurrence rates
resulted from residual disease being left behind or
from differences in age and initial tumour size, as
explained by Wolmark et al. [5], remains unclear. No
definitive studies have been performed to determine
how much tissue should be resected in the event 
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Table 2. Reported rates of breast-conservation after neoadjuvant chemotherapy for patients with large primary
and operable breast cancer.

Breast- Median Local 
conservation follow-up recurrence 

Authors Year Stage n therapy rate (%) (months) (%)

Bonadonna et al. [39] 1990 II, III 161 81 NA 1
Jacquillat et al. [16]* 1990 I, II, III 250 94 62 13
Scholl et al. [17]* 1994 II, III 200 82 54 27
Veronesi et al. [14] 1995 II, III 226 90 36† 6
Powles et al. [1] 1995 II 105 88 28 1
Fisher et al. [4] 1998 I, II 743 68 72† 8
Bonadonna et al. [40] 1998 II, III 536 85 65 7
Makris et al. [2] 1998 II 149 99 48 3
Mauriac et al. [18]* 1999 II, III 134 63 124 28

NA: not applicable.
*Some or all patients received radiation therapy as their only local-regional treatment.
†Mean.
Adapted from Kuerer et al. [20].

https://doi.org/10.1017/S1470903105002579 Published online by Cambridge University Press

https://doi.org/10.1017/S1470903105002579


G. V. Babiera BCO.257.2004.FO

doi:10.1017/S1470903105002579 © Cambridge University Press, Breast Cancer Online (www.bco.org) 2005; 8(2)

of an apparent clinical response to chemotherapy.
However, the general recommendation is that all
gross evidence of disease be removed, including any
associated suspicious or documented cancerous
calcifications. Particular attention should be paid to
the final pathological and margin assessment to
determine whether additional surgery is needed.

Axillary evaluation

If very little definitive information is known regarding
the extent of resection of the primary tumour after
neoadjuvant chemotherapy, much less is known
about what to do with the regional nodes in patients
who have undergone neoadjuvant chemotherapy. For
example, should sentinel lymph node biopsy or 
axillary lymph node dissection be done before or after
the initiation of chemotherapy? Although sentinel
lymph node biopsy is not yet the standard of care
throughout the nation, it is routinely used for regional
node evaluation in patients with clinically node-
negative early-stage breast cancer who undergo sur-
gery first. However, the role of sentinel lymph node
biopsy after neoadjuvant chemotherapy is still con-
troversial. Several studies, mainly from single institu-
tions, have found varying identification (84.3–93.5%)
and false-negative (0–33%) rates in patients who
underwent sentinel lymph node biopsy after neoadju-
vant chemotherapy [30–36]. In the only multicenter
trial to indirectly investigate the identification and false-
negative rates in patients who underwent sentinel
lymph node biopsy after neoadjuvant chemotherapy,
Mamounas [37] reported an identification rate of 77%
and false-negative rate of 14%.

Should sentinel lymph node biopsy be performed
before or after neoadjuvant chemotherapy? The
variability in identification and false-negative rates in
patients who have undergone sentinel lymph node
biopsy after neoadjuvant chemotherapy led Sabel 
et al. [38] to propose that sentinel lymph node
biopsy might be more valuable if performed before
rather than after such therapy. The advantages of
this approach are more accurate disease staging,
more selective use of taxanes for patients with node-
positive disease, and better focused adjuvant radi-
ation therapy based on nodal information obtained
from the biopsy procedure. However, the disadvan-
tages are the delay in chemotherapy, the need for
more axillary lymph node dissections, the assumption
that the sentinel lymph node biopsy analysis before
initiation of neoadjuvant chemotherapy, if negative
for metastasis is accurate after neoadjuvant
chemotherapy, and most importantly, the need for at
least two operations.

No consensus has been reached regarding the
timing of sentinel lymph node biopsy as related to

neoadjuvant chemotherapy because of a lack of data
from randomized prospective studies. However, 
axillary lymph node dissection performed after neo-
adjuvant chemotherapy for patients found to have
pathologically node-positive breast cancer before
the initiation of neoadjuvant chemotherapy probably
remains the standard. Conceptual studies investiga-
ting the possibility of performing sentinel lymph node
biopsy after neoadjuvant chemotherapy for patients
found to have node-positive disease before neo-
adjuvant chemotherapy are being explored by the
American College of Surgeons Oncology Group.

Research endeavors

The most intriguing aspect of neoadjuvant chemother-
apy is the possible benefit derived from assessment
of tumour response to the chemotherapy, as the
pathological response appears to be associated
with the patient’s prognosis. For example, designing
trials for patients whose tumours seem to respond
poorly to standard chemotherapeutic regimens by
assessing tumour response would seem to benefit
from such information. Agents such as growth factor
inhibitors, antihormonal therapies, angiogenesis
inhibitors and antisense oligonucleotides, tested in
clinical trials, could be beneficial for patients whose
tumours show a poor response to cytotoxic
chemotherapy and potentially improve survival.
Furthermore, by assessing tumour response based
on chemotherapeutic regimen, we may be able to pre-
dict the success of breast-conservation therapy or
avoid surgery altogether if a certain regimen is demon-
strating in a majority of patients a complete pathologi-
cal response after neoadjuvant chemotherapy.

Conclusion

The primary role of the surgeon in the treatment of 
a patient with breast cancer who undergoes neo-
adjuvant chemotherapy is to establish a balance
between a good cosmetic outcome and limiting the
risk of locoregional recurrence. The surgeon should
discuss with the patient issues such as the need for
compliance with radiation therapy and long-term fol-
low-up, the possibility of re-excision or failure to con-
vert to breast-conservation therapy, and to address
the possibilities of a complete pathological response
after surgery. Also, it is imperative that a localizing
marker be placed in the tumour bed to facilitate 
identification of the original tumour site in the event of 
a clinical response to neoadjuvant chemotherapy. It
appears that sentinel lymph node biopsy for clinically
node negative patients can be performed after the ini-
tiation of chemotherapy. However, surgeons have not
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reached a consensus regarding the role of sentinel
lymph node biopsy after neoadjuvant chemotherapy
for known node-positive disease before initiating
chemotherapy nor the timing of sentinel lymph node
biopsy because of a lack of data on these issues. The
standard at this point in time is to perform an axillary
lymph node dissection for patients who are known to
be clinically node positive. Finally, the main advantage
of neoadjuvant chemotherapy is the ability to assess
tumour response to different chemotherapeutic regi-
mens. It is hoped that the use of this information will
lead to the development and use of novel agents to
improve breastconservation therapy conversion rates,
potentially, avoid surgery altogether and ultimately, to
improve survival for patients with breast cancer.
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