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One of the most important lessons learned from trials of neoadjuvant chemotherapy (NACT) is that
achievement of pathological complete response (pCR) is a powerful prognostic predictor of long-term
outcome, with significantly better disease-free and overall survival for patients achieving pCR, as
compared with patients having residual tumour after NACT. The pathologists’ role in the neoadjuvant
setting is: (i) to ensure an accurate assessment of pCR, and (ii) to evaluate burden and biological char-
acteristics of residual tumour if pCR has not been achieved. A conversion of receptor status from the core
biopsy to the post-NACT surgical specimen may cause uncertainty in the choice of the post-surgical
systemic treatment for the patients. It is therefore imperative to ensure accuracy in the assessment of
ER, PgR and HER2, and to double check any apparent conversion by re-staining the previous core biopsy
and the residual tumour in the same run, thus minimizing the technical artifacts, and to use both
immunohistochemical and in situ hybridization assays to evaluate HER2 status. It is essential that pro-
tocols for evaluation of tumour response and for assessment of prognostic/predictive parameters of
residual disease after NACT be eventually harmonized.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

Neoadjuvant chemotherapy (NACT) was initially devised to offer
patients with inoperable locally advanced or inflammatory breast
cancer the chance of downstaging their tumours to a point that
they would become operable. Similarly, downstaging of tumours in
patients candidate for mastectomy could allow performance of
breast-conserving surgery. In terms of long-term outcome, it has
been shown that NACT regimens achieve the same survival results
as the more conventional adjuvant systemic chemotherapy [1e5].

More recently, the neoadjuvant setting has been viewed as an
exciting opportunity for in vivo assessment of tumour response to
different systemic interventions (chemotherapy with or without
targeted therapies, and endocrine therapies), including newly
developed drugs [6]. This setting also is an ideal scenario for eval-
uating biological markers of responsiveness or resistance to the
treatments, and to study intermediate end-points.

One of the most important lessons learned from NACT trials is
that achievement of pathological complete response (pCR) is a
powerful prognostic predictor of long-term outcome, with signifi-
cantly better disease-free and overall survival for patients achieving
All rights reserved.
pCR, as compared with patients having residual tumour after NACT
[7,8]. The likelihood of achieving pCR after NACT, however, is
correlated with several morphological and biological characteris-
tics of the primary tumour, including tumour grade [9], hormone
receptor status and the proliferative fraction [10]. Indeed, high-
grade tumours, with low/absent hormone receptor expression
and high proliferative fraction are most likely to show a complete
response to NACT [11], while HER2-positive breast cancer are
exquisitely responsive to neoadjuvant treatments including HER2-
targeted agents, especially when a dual blockade of the receptor is
achieved with different drugs [12,13]. Using the modern molecular
classification of breast cancer, it has been documented that Luminal
A tumours are least likely to achieve pCR after NACT, Luminal B have
an intermediate response, whereas HER2-enriched and Basal-like
breast cancer show the highest likelihood of pCR [14].

It is surprising, however, that despite the unanimous consensus
that pCR after NACT is the most important prognostic information
for long-term outcome of the disease, there is not a general
agreement on the actual definition of pCR. Indeed, both in the
clinical trials and in the daily practice, a number of different defi-
nitions of pCR are used, including absence of invasive cancer in the
breast only or both in the breast and in axillary lymph nodes, and
absence of invasive and in situ cancer in the breast only, or both in
the breast and in axillary lymph nodes. Use of different definitions
for pCR may well affect the interpretation of the results of
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neoadjuvant studies, and make the prognostic implications of pCR
in the clinical setting quite ambiguous.

Most recently, the Food and Drug Administration (FDA) of the
United States of America has endorsed the proposal of defining pCR
as the absence of any residual invasive cancer on evaluation of the
surgically resected breast specimen and all sampled ipsilateral
lymph nodes following completion of neoadjuvant systemic ther-
apy. The rationale for the endorsement of this definition is that
neither ductal carcinoma in situ (DCIS) or lobular carcinoma in situ
(LCIS) are expected to regress with chemotherapy, and that
persistence of DCIS or LCIS is not believed by most to have prog-
nostic significance [15]. On the contrary, involvement of regional
lymph nodes, either at presentation or after neoadjuvant therapy is
associated with a worse long-term outcome [16,17].

Patients not achieving pCR may be totally unresponsive to the
neoadjuvant interventions (showing tumour progression), or
exhibit variable degrees of response, from stabilization of the dis-
ease to a partial shrinking of the tumour, to a near-pCR. Quite un-
derstandably, if there is discordance about the definition of pCR,
even greater differences are expected in the definition of partial
response, and in the alleged prognostic implications of these
different degrees of response.

To try and homogenize the current differences in the definitions
of pCR and partial responses, in the evaluation of the surgical
specimens after NACT, and in the assessment of the burden and the
biological features of residual tumour, with the derived implica-
tions on the long-term outcome, the Breast International Group
(BIG) and the North American Breast Cancer Group (NABCG) have
jointly appointed an International Working Group for the charac-
terization of residual disease, to address all these open questions
and to issue recommendations especially for defining the mini-
mum, essential set of components for the histopathological eval-
uation of residual disease in breast cancer.

The role of pathologists in the assessment of tumour response
to NACT

In short, the pathologists’ role in this setting could be summa-
rized in the achievement of two main tasks: (i) ensure an accurate
assessment of pCR, and (ii) evaluate burden and biological char-
acteristics of residual tumour if pCR has not been achieved.

An accurate pathologic assessment is the gold standard for
determining a complete tumour response. Indeed, a clinically
complete response does not imply a pCR, because between 30% and
50% of patients with a complete clinical response actually have
residual cancer in the surgical specimen; on the other hand, some
20% of patients with clinical residual disease, actually have a pCR
[18,19]. To ensure an accurate assessment of pathologic response of
breast cancer after NACT, it is imperative that the pathologist
evaluating the surgical specimen be aware that the patient has
received NACT. In an ideal word, this information would be always
available and provided with the clinical history of the patients, but
in the daily life it is often not provided, at least in a timely fashion,
i.e. prior to the pathologic examination of the surgical specimen.
Pathologists should be aware that this relevant clinical information
may be missing, and be warned about a possible previous NACT by
some clues, like a long interval between a prior core biopsy and
surgery, or the lack of obvious cancer in the surgical specimens. If
this is the case, the evaluation and sampling of the surgical spec-
imen should be postponed, until more information is obtained
(most commonly with a call to the treating physician). Once the
prior NACT has been ascertained, it is important to get the radiology
reports for assessing the location of the primary tumour (some-
times there were multiple foci) and for evaluating the degree of
radiological response.
Gross examination and sampling of the surgical specimen

Here the main task is the identification of the tumour bed. This
may be very challenging in case of a substantial or complete
response to the NACT. The tumour bed appears as an irregular area
of rubbery fibrous tissue, with occasional small pseudocystic spaces
and haemorragic spots. Within, or at the periphery of the tumour
bed, residual tumour nodules may be visible or not. To facilitate the
identification of the tumour bed, prior clinical and radiological in-
formation should be used, and of course a clip left in the tumour at
the time of the core biopsy may prove extremely useful. Specimen
radiographs may be needed to help identifying the clip and to
ensure complete excision of the tumour bed whenever its precise
location and extent is not readily apparent. Once the tumour bed
has been indentified, measurements have to be taken of the size of
the surgical specimen, of the tumour bed, of any visible tumour
nodule, together with the distance of the tumour bed from all
margins [20,21].

The rule of thumb for sampling post-NACT surgical specimens is
to embed the entire tumour bed, and any visible residual tumour
nodules. If the specimen is not big, and the tumour bed has not
been clearly identified, all the specimen should be submitted for
histological examination. If the specimen is large (e.g., mastectomy)
and the tumour bed is also large, then there is wide heterogeneity
in the sampling protocols, both in clinical studies and in the daily
practice. One option is to start with a preliminary sampling of a
limited number of blocks (say 1 block per cm), and if residual
tumour is not found then submit all the tumour bed. If the tumour
bed is not clearly recognized, it may be useful to start sampling the
tumour bed area immediately adjacent to the clip, or be guided by
radiological abnormalities discovered by X-rays of slices of the
specimen. Needless to say, all suspicious nodules of residual
tumour, within or around the tumour bed should be extensively
sampled.

Microscopic examination

At the microscope, the tumour bed is characterized by extensive
hyalinized stroma, with oedematous areas, inflammatory infiltra-
tion with patchy aggregates of lymphocytes, macrophages, foamy
histiocytes, sometimes multinuclear giant cells and hemosiderin
deposition [20e22].

Residual cancer may maintain the same morphology as prior to
NACT, but often there are impressive morphological changes of the
tumour cells, with bizarre shape and contour, and enlarged nuclei
with clumped chromatin. Large foci or small nests of invasive
tumour may be present, or scattered individual tumour cells may
be encountered within the tumour bed. The identification of these
individual tumour cells may be facilitated by use of immunohis-
tochemical stains for cytokeratins. In case of substantial response,
residual tumour may only be seen within vascular spaces (tumour
emboli), and it may be sometime difficult to distinguish these
tumour emboli from small DCIS showing retraction artifacts.

If residual invasive tumour is identified, its size and grade
should be estimated, as well as the distance from the surgical
margins. There are several different systems to evaluate the resid-
ual tumour burden (discussed in the next section). Similarly, there
is no consensus about how to grade residual cancer, and whether
tumour grade after NACT has the same prognostic value as for tu-
mours not previously treated with systemic chemotherapy. Indeed,
when using the classic histopathologic grading system of Elston
and Ellis [23], it remains to be elucidated if the architectural fea-
tures (tubule formation), the nuclear characteristics, and the
mitotic index do actually reflect the intrinsic biological character-
istics of the tumour cells, or they are merely reflecting the effects of
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the chemotherapy, thus hampering the actual prognostic value of
the histological grade.

Finally, the histopathological examination of residual cancer
must include the re-evaluation of the biological markers (oestrogen
and progesterone receptors, HER2 and Ki-67, as a marker of cell
proliferation), that have been previously assessed in the core bi-
opsy. Again, in the literature there are discordant data about the
actual rate of “conversion” from positive to negative and vice versa
of hormone receptors and HER2, with the majority of the studies
reporting changes in 10%e20% for oestrogen receptor (ER) status,
an higher rate for progesterone receptors (PgR), and some 10% rate
for HER2 [24e29]. There may be several plausible explanations for
the discordant receptor status between core biopsy and surgical
specimens after NACT, including technical reasons (with false-
positive or false-negative assessments in the core biopsy or in the
surgical specimen), intratumoral heterogeneity in the expression of
these markers with a clonal selection induced by the treatment, or
changes in the expression of the markers induced by the chemo-
therapy (with or without HER2-targeted treatments).

A conversion of receptor status may cause uncertainty in the
choice of the post-surgical systemic treatment for the patients. It is
therefore imperative to ensure accuracy in the assessment of ER,
PgR and HER2, and to double check any apparent conversion by re-
staining the previous core biopsy and the residual tumour in the
same run, thus minimizing the technical artifacts, and to use both
immunohistochemical and in situ hybridization assays to evaluate
HER2 status.

Changes in the Ki-67 labelling index between core biopsy and
surgical specimen may be informative of the degree of response of
the tumour to the administered therapy, and also have prognostic
significance [21].
Examination of lymph nodes after NACT

It may be very difficult to identify axillary lymph nodes after
NACT due to atrophy and fibrosis. If the patient has undergone
completion axillary dissection (for a positive sentinel lymph node
biopsy prior or after NACT, or a clinically positive axilla with cyto-
logic confirmation of the metastasis), it may be useful clearing the
axillary fat to facilitate the identification of the lymph nodes. All the
fibrotic areas in the fat and around the vessels should be sampled
and submitted for histology.

Histologically, the nodes may show treatment effects (fibrotic
areas and hyaline scars, aggregates of foamy histiocytes) with or
without metastatic tumour. Even in the lymph nodes, residual
cancer may only be present as individual tumour cells (isolated
tumour cells) scattered within the fibro-inflammatory nodal
stroma [17,30]. The clinical implications of isolated tumour cells
and micrometastases in the regional lymph nodes after NACT, and
especially if they are in a background of treatment effects may be
different from those in patients without NACT.
Staging of residual tumour

As anticipated, there are several different systems to stage re-
sidual breast cancer after primary systemic therapy. The most
commonly used in the clinical trials and in the clinical practice are
the AJCC/TNM, the Miller-Payne and the Residual Cancer Burden
(RCB) systems.

In the AJCC/TNM system [31], the prefix “y” identifies the post-
NACT evaluation, but it uses the very same pT and pN classes as for
tumours without previous NACT. Accordingly, if multiple foci of
residual invasive tumour are present, the ypT class will be deter-
mined by the extent that encompasses all these foci. The cellularity
of residual tumour is not taken into account, and therefore this
system may lead to an upstaging of the residual tumour.

The Miller-Payne system [32] classifies residual tumour into 5
grades, based on the relative reduction of tumour cellularity from
the prior core biopsy to the surgical specimen after NACT. In grade
1, there is no reduction in overall cellularity (no response), whereas
in grade 5 there is disappearance of invasive tumour (in situ cancer
may be present). Despite lymph node status is not included in this
system, the grades have been reported to correlate with disease-
free and overall survival.

Finally, theRCB system[33] takes into account the size of primary
tumour bed size, the residual cancer cellularity, the percentage of
cancer that is DCIS, the numberof positive lymphnodes, and the size
of the largest lymph node metastasis. All these parameters are
combined into 4 possible scores (from RCB 0 -meaning pCR- to RCB
III-meaning chemoresistance), and the scores do correlate with
long-term survival. Although the system requires the use of a for-
mula, a web-based calculation script is freely available to calculate
the score (http://www.mdanderson.org/breastcancer_RCB).

Epilogue

Neoadjuvant systemic treatments will be used more and more
often both in clinical research and in the daily practice. Assessing
tumour response to the different systemic treatments will become a
major responsibility for thepathologists.Harmonizationof protocols
formacroscopic andmicroscopic evaluation of tumour response and
for assessment of prognostic/predictive markers is urgently needed.
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