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16.1 Introduction

An accurate pathological assessment of core biopsies or
resection specimens provides important information on the
major features of breast cancer, such as tumor type, size, bio-
logical characteristics, lymph node status, stage, and extent
of residual disease in case of neoadjuvant chemotherapy, and
is crucial for ensuring an appropriate patient management. In
the era of molecular medicine and tailored therapies, the
pathologic assessment of primary tumor still represents an
essential guide for oncologists and surgeons to inform the
choice of the best treatment options available for individual
patients. Therefore, the management of patients with breast
cancer detected through imaging or symptomatic presenta-
tion depends heavily on the quality of the pathology service.

Pathologists deal routinely with breast cancer samples,
either as surgical resection specimens (both intraoperatively
and after fixation and embedding) or as core biopsies and
fine needle aspiration cytologies for the preoperative diagno-
sis of primary tumor or of distant metastases. The foremost
means of communication with treating physicians, surgeons,
radiologists and radiotherapists (and ultimately the patients)
is represented by the pathology report.

Pathology reports may look different in appearance, at the
discretion of each specific pathologist, taking into account cli-
nician preferences, institutional policies, and individual prac-
tice, but it is mandatory they provide all clinically relevant
information. An accurate and detailed pathology report of
breast cancer, in addition to the histopathological diagnosis,
must include all the prognostic parameters derived from the
morphological examination and the immunohistochemical
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and molecular assessments and the predictive parameters use-
ful for evaluating the efficacy of local and systemic treat-
ments. In this regard, several guidelines for pathological
reporting have been issued in the past years, and the most
widely used are those of the Association of Directors of
Anatomic and Surgical Pathology (ADASP), the College of
American Pathologist (CAP), and the Royal College of
Pathologists (RCP). These recommendations are drafted as a
sort of checklist, a framework to assist pathologist in the com-
pletion of an exhaustive pathology report, encouraging health-
care professionals to use common terminology and definitions
for breast diseases, and to harmonize the way of classifying
breast cancer. In the following sections we will discuss gen-
eral principles of specimen handling and sampling, as well as
all principal parameters to be included in the pathology report,
focusing on prognostic and predictive markers.

16.2 Pathology Request Form

An efficient multidisciplinary approach to patient care
implies a precise exchange of information among different
health-care professionals. Therefore, after the diagnostic pro-
cedures or the surgical intervention, any individual specimen
submitted to the pathology laboratory should be accompa-
nied by a comprehensive request form, providing the pathol-
ogists with all clinically relevant information, inclusive of:

e Patient personal data and demographic information,
including name, surname, date of birth, sex, and ethnicity.

e Type of specimen, such as fine needle aspiration cytol-
ogy; core biopsies; vacuum-assisted biopsy (VAB);
lumpectomy and mastectomy, with or without locore-
gional lymph nodes; and number of specimen containers
submitted, identifying each separately.

e Date and time of surgery.

e Clinical history and previous findings, including breast
laterality, number and size of lesions, location within the
breast, imaging data (mammography, ultrasound, MRI),
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history of previous malignancies, neoadjuvant therapy,
including comments on clinical or radiological response.
Drawings can be very helpful.

e Previous biopsy or cytology results for each lesion, with
relevant details and laboratory of origin, whenever
available.

* Method of localization used.

* Inresected specimens, drawings or description indicating
the position of the orientating clips/sutures. Surgeon
should orientate all breast cancer resection specimens.
Each breast unit should establish a code of orientation,
using either different lengths or number of sutures and/or
metal clips or ink. The code should be anatomically rele-
vant and assist in accurate evaluation of the specimen and
its margins.

e Whether any relevant marker (most frequently microcal-
cifications) was identified on imaging of the specimen, if
performed.

* For axillary specimens: whether a sentinel lymph node
(specifying if an intraoperative assessment is requested or
a routine analysis on formalin-fixed, paraffin-embedded
sections), a lymph node sampling or a completion axillary
dissection (indicating levels dissected) is submitted for
pathological examination.

16.3 Specimen Handling and Sampling

Surgical specimens must be handled to ensure good preser-
vation of all the morphological and biological characteristics
of the tumor cells. Inadequate fixation may cause extensive
morphological artifacts, loss of tissue antigenicity, and deg-
radation of nucleic acids (especially mRNA), making speci-
men not suitable for a reliable assessment of prognostic and
predictive parameters (i.e., hormone receptors, HER2, Ki-67
labeling index, and molecular analysis).

After surgical removal, specimen should be sent immedi-
ately to the pathology lab. According to local policies,
pathologists may dissect the specimens either on fresh state
or after formalin fixation, but in any case a prompt and accu-
rate fixation must be ensured, thus preventing tissue autoly-
sis. In case of delayed sampling, the specimens should be
immediately placed in an adequate volume of fixative, at
least ten times that of the specimen, and cut through the
tumor from the fascial plane toward the surface of the sam-
ple, to ensure adequate penetration of fixative into the tumor
tissue, especially in large and fatty mammary glands.
Refrigeration and vacuum packing may also be helpful in
delaying autolysis. The American Society of Clinical
Oncology/College of American Pathology (ASCO/CAP)
guidelines advocate promptly placing the breast specimens

into fixative within 1 h after surgical removal to minimize
cold ischemia time and maintaining the samples in 10% neu-
tral buffered formalin (NBF) for 6 h to 72 h, for ensuring best
preservation of tissue antigenicity for assessment of HER2
and hormone receptor status [1, 2].

In samples of non-palpable lesions, intraoperative radiog-
raphy of the specimen or macroscopic examination by a
pathologist is particularly useful to confirm the success of
the excision procedure. This is also highly recommended for
wide local resections (quadrantectomies or lumpectomies),
to allow confirmation of the presence of the abnormality and
of its location in the specimen, thus facilitating immediate
re-excision if the lesion is close to or involving a margin.

Once received in the laboratory, pathologists should
examine the specimen, recording the type of excision, its
dimensions along the three spatial axes, the presence or
absence of skin, and/or nipple and axillary tissue. Relevant
surgical margins or the entire specimen surface should be
inked so that the margins of excision can be easily deter-
mined histologically. Therapeutic surgical procedures, as
quadrantectomy or mastectomy, according to Surgical
Guidelines for the management of breast cancer, usually
require tissue removal from the subcutis to the pectoral fas-
cia, which are considered anatomical planes rather than sur-
gical margins. However, in case of central excision, breast
tissue remains at the superficial (close to the nipple-areola
complex) surface, requiring careful margin assessment.
Therefore, it is important for the pathologist to be aware of
the type of excision, in order to manage surgical margins
properly.

Afterward, pathologist should slice the specimen at
intervals of approximately 3—5 mm, preferably along sagit-
tal planes, enabling easy X-ray mapping of the specimens
in case of non-palpable lesions with calcifications or tissue
distortion, in order to ensure high-confidence localization.
The sampling technique, however, may vary according to
the type and size of the samples and also according to local
protocols or pathologists’ preferences; therefore, some
degree of flexibility is allowed. The number of blocks of
invasive tumors to be prepared for microscopic examina-
tion can vary with tumor size, but it is usually of at least
three blocks per tumor nodule. The peritumoral tissue
should also be submitted for histology to identify associ-
ated DCIS, peritumoral lymphovascular invasion, and to
allow surrounding normal breast tissue to be used as an
internal immunohistochemical control for the assessment
of hormone receptor and HER2 status. It may be possible to
sample the lesion and its adjacent radial margin in one
block in case of very small lesions, but in the vast majority
of the cases, resection margins must be examined in several
blocks. Particular attention must be paid to the areolar mar-
gin, due to high gland density and possible tumor extension
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in lactiferous ducts, particularly for DCIS. In mastectomy
specimens, sagittal sections of the nipple should be taken to
exclude Paget’s disease, while a coronal section of nipple
and retro-areolar tissue is recommended to assess possible
nipple duct involvement by DCIS.

For DCIS specimens, the number of blocks sampled is
variable according to the size of the specimen and of the
lesion. For small specimens, especially when radiologic
assessment is unavailable, sampling of the entire tissue is
recommended. For larger specimens, the pathologist should
sample representative blocks (at least one block for each cen-
timeter of the lesion) from the entire involved area, to scruti-
nize the sample for any possible area of invasive carcinoma,
and including the site of any previous core biopsy.

Ultimately, details of the macroscopic features of the
specimen must be recorded, especially tumor size and dis-
tances to all margins. In the presence of multiple tumors, the
distance between tumors themselves and between each
tumor and resection margins should be recorded. It is recom-
mended to sample the tissue between tumor nodules, to
ascertain if the neoplastic foci are truly separated (multifocal
or multicentric tumors) or instead interconnected. The axil-
lary tail of the specimen should be inspected for the presence
of intramammary or low axillary lymph nodes.

Neoadjuvant systemic therapy is frequently administered
to patients with large, locally advanced, or inflammatory
breast cancers, with the aim to reduce the tumor size allow-
ing breast-conserving surgery and tumor downstaging. It
also provides the opportunity to assess response to treatment
after a reasonably short time of exposure to the treatment
(see related chapter). However, significant difficulties and
variability exists in methods for pathologic assessment of
response to neoadjuvant therapy. Recently guidelines issued
by the Breast International Group-North American Breast
Cancer Group (BIG/NABCG) [3, 4] recommend practical
methods for a standardized pathologic assessment of the
breast specimen following neoadjuvant therapy. Briefly, it is
mandatory to identify macroscopically the tumor bed before
any sampling and to record the two axes of the largest cross
section of the entire area involved. Obvious remaining tumor
should also be measured. It is strongly recommended that an
image of the sliced specimen be taken (photograph or draw-
ing) and then used to create a map of the carefully oriented
tissue blocks collected. This will allow pathologists to obtain
an accurate and comprehensive histological image of resid-
ual tumor, ultimately assuring a precise assessment of resid-
ual disease and staging. Extent of sampling should be
determined by the pretreatment tumor size; an entire cross
section of the tumor bed taken for each cm of the pretreat-
ment tumor size (for a total number of approximately 15
blocks in most cases) should be sufficient to reliably docu-
ment the pathological response.

16.4 The Pathology Report: A Synopsis

The following are the main parameters that should be care-
fully evaluated and clearly reported in the pathology report.
Their assessment methods and clinical relevance will be
briefly discussed.

16.5 Tumor Type

Breast cancer is considered a heterogeneous disease, made
up of several different subtypes with variable morphological
and biological features, different prognosis and response to
systemic therapy. WHO histopathologic classification is
based on characteristics seen upon light microscopy of
biopsy specimens [5]. Two most common histopathological
types collectively represent approximately 70-80% of breast
cancers, namely, invasive ductal carcinoma, no special type
(IDC NST) or invasive lobular carcinoma (ILC).

Among less common tumor histotypes, some “special”
tumor types are per se associated with intrinsically peculiar
prognostic profile. Tubular and cribriform carcinomas, for
example, are characterized by an almost indolent clinical
course with an extremely good overall survival [6], and the
adenoid cystic carcinomas carry a very favorable prognosis
in the vast majority of the cases [7]. On the contrary, meta-
plastic carcinomas are associated with significant worse
clinical outcome then the IDC NST [8].

The fact remains, however, that for the vast majority of
breast cancer (IDC NST and ILC), morphological classifica-
tion is unable to meaningfully reflect the vast heterogeneity
in terms of biological features, prognosis and response to
systemic therapy, failing to assist the oncologist in planning
adequate systemic treatment. It is also arguable if IDC and
ILC do actually reflect clinical differences, and whether ILC
per se constitutes a prognostically favorable group [9, 10].

16.6 Tumor Size

An accurate measurement of tumor size is mandatory, as it
represents the first parameter of breast cancer staging. TNM
classification still represents one of the most powerful prog-
nosticators in breast cancer [11], being statistically corre-
lated with risk of recurrence, metastatization, and overall
survival. Identification of the tumor edge is also a prerequi-
site for a reliable assessment of resection margin status.

The maximum dimension of invasive tumors should be
measured macroscopically, paying attention to irregularly
shaped or multi-lobulated lesions. When tumor measurement
is not feasible, then the tumor size identified by imaging,
based on ultrasound, mammography, or MRI, should be used
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Measurement of carcinomas with an invasive component

| = invasive tumour measurement

W = whole tumour measurement

»

In a, b and c, examples of straightforward measurment of invasive tumour size.
In d and e, multiple invasive foci being 5 mm or more distant should be considered as a multifocal tumour,

and the size of the largest focus is given.

In f, the best estimate of the total size of the invasive component is given.

Fig.16.1 Illustrations of how to measure invasive and whole tumor sizes in various scenarios [12]

as the best available record of true tumor size, replacing path-
ological size assessment. In case of discrepancy between the
macroscopic and the microscopic size occurs, then the latter
should be recorded, provided that the plane of the maximum
dimension of the lesion has been included in the slide. The
assessment of the whole tumor size including in situ carci-
noma should be recorded, reporting also relative percentages
of invasive tumor and DCIS. In tumors composed predomi-
nantly of DCIS but with multiple foci of (micro)invasion,
measurement of the invasive tumor should correspond to
maximum axis of the area occupied by invasive foci, as
shown in Fig. 16.1, along with other frequent scenarios.

On rare occasions, pathologists may find it challenging to
determine whether two adjacent tumor foci represent satel-
lite foci or one lesion mimicking this process due to plane of
sectioning. In this regard, the presence of intervening normal
tissue and increasing distance between foci are features sug-
gesting that these are more likely to be multiple foci than a
single process. A distance of 5 mm or greater is often used to
define separate foci. In case of clear-cut distinct multiple

tumor masses, pathologists should record if the neoplastic
foci are in the same breast quadrants or at a distance of less
than 5 cm (multifocal tumors) or in different quadrants or at
a greater distance (multicentric tumors).

16.7 Histological Grade

Invasive carcinomas are routinely graded, and grade is now
widely recognized as a powerful prognostic factor, signifi-
cantly associated with clinical outcome [13-15]. Assessment
of histological grade has become more objective with modifi-
cations of the Patey and Scarff [16] method first by Bloom and
Richardson [17] and more recently by Elston and Ellis [18].
Histological grading involves the assessment of three compo-
nents of tumor morphology: tubule/acinar formation, nuclear
atypia/pleomorphism, and number of mitoses. Each parameter
is scored from 1 to 3, and the sum gives the overall histologi-
cal grade as follows: Grade 1 (well differentiated) = scores of
3 to 5, Grade 2 (moderately differentiated) = scores of 6 to 7,
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and Grade 3 (poorly differentiated) = scores of 8 or 9. Below
are briefly discussed criteria involved in tumor grading:

e Tubule/acinar formation: all tumor area should be scanned,
assessing semiquantitatively the proportion occupied by
tubule formation. This assessment is generally carried out
during the initial low-power scan of the tumor sections.
Tumors showing >75%, 10-75%, or <10% of tubule for-
mation are scored 1, 2, or 3, respectively.

* Nuclear atypia/pleomorphism: assessed comparing tumor
nuclear size and shape with normal luminal cells. This is
the parameter mostly affected by interobserver variabil-
ity; breast specialist pathologists seem to report higher
grades than nonspecialists [19].

e Mitoses: accurate mitotic count requires optimally fixed and
processed specimens. Mitoses should be counted in ten high-
power fields (40x objective). The mitotic score is dependent

* on the high-power field diameter; in this regard tables of
conversion with different scoring tiers according to the
actual field diameter of the microscope are available. At
least ten fields should be counted at the periphery of the
tumor, where it has been demonstrated that proliferative
activity is greatest [20, 21]. If there is variation in the
number of mitoses in different areas of the tumor, the area
with the highest mitotic count should be taken into
account. If the mitotic score falls very close to a score cut
point, additional ten high-power fields should be evalu-
ated, assigning the highest score.

In core biopsies, notwithstanding paucity common low
cellularity of the samples, assessment of grade is recom-

Fig.16.2 An example of
lymphovascular invasion

mended, especially if the patient is a candidate to neoadju-
vant treatment. There is about 70% agreement of grade on
core biopsy with the corresponding surgical specimen [22,
23]. If both core biopsy and surgical specimen are available,
grading should be scored on the latter. Assessment of grade
in the surgical specimens after neoadjuvant systemic therapy
may be unreliable, due to the effect of the cytotoxic drugs on
the morphology and the mitotic index of the tumor cells.

16.8 Peritumoral Lymphovascular Invasion

Lymphovascular invasion (LVI) mirrors the ability of cancer
cells to invade lymphatics and blood vessels, and it is corre-
lated to a higher likelihood of nodal or distant metastases. LVI
in a peritumoral location is unanimously regarded as an
important prognostic factor in patients with lymph node-
negative invasive breast cancer, providing independent infor-
mation about both local recurrence and survival [24-26]. It is
therefore important to record in the pathology report whether
or not it is present. Given the difficulties in the morphological
distinction between lymphatics and blood vessels, findings
should be categorized as “lymphovascular spaces” rather than
as specific channels. This is supported by evidence identifying
that most tumor emboli are present in lymphatic channels.

At the microscopic level, stromal retraction artifact
around neoplastic cell nests can mimic vascular invasion;
therefore, a clear rim of endothelium should be identified.
Other clues in recognizing lymphovascular invasion is the
presence of nearby vascular channels or the location of tumor
cells within spaces with erythrocytes and/or thrombi
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(Fig. 16.2). In difficult cases immunohistochemistry can be
of help to identify the endothelial lining (CD34, CD31, and
D2-40 antibodies) [27].

16.9 Surgical Margins Status

Breast-conserving surgery (BCS) in combination with adju-
vant local and systemic therapies has become the standard of
care for early small tumors, thus reducing physical and psy-
chological morbidity. Despite these advantages, BCS has a
higher risk of local recurrence than mastectomy [28-33].
The strongest predictor of local recurrence is surgical margin
status [34-36].

According to the number of positive margins and the
remaining amount of breast tissue, positive margins are man-
aged with re-excision or mastectomy, eventually resulting in
poor cosmetic outcome and high medical cost. Since early
invasive cancer and DCIS nowadays represent a significant
fraction of breast surgical specimens, the pathologic assess-
ment of surgical margins is crucial, requiring close correla-
tion between the surgical procedure and pathological
examination. In particular, pathologists should be aware of
the depth of tissue excised and whether the surgeon has
excised all the tissue from the subcutaneous to the pectoral
fascia. All distances between invasive cancer and DCIS
should be recorded or, at least, the closest ones. According to
current recommendations, margins are considered free of
invasive tumor when the ink does not touch the tumor. For
DCIS, margins are considered free when the closest tumor
nest is 2 mm away from the surgical margin.

As previously mentioned, careful orientation of the surgi-
cal specimen is mandatory, as this prevents discordance with
postoperative margin orientation, which occurs in 31% of
surgeries [37]. In comparison to permanent histopathologic
staining, intraoperatory pathological assessment of surgical
margins may result in significant decrease of re-excisions. In
particular, macroscopic examination, frozen section analysis,
and imprint cytology have been demonstrated to be associ-
ated with re-excision rate of 3—11%, against an average 35%
rate for permanent histopathologic staining-surgical margin
assessment [38, 39].

16.10 Nodal Status and Sentinel Lymph
Node Biopsy

Axillary node status is the most important prognostic indi-
cator in breast cancer. Therefore, careful assessment of
nodal status is mandatory. If axillary dissection has been
performed, all lymph nodes must be carefully dissected and
examined histologically. Pathology report should include
the total number of lymph nodes identified and the number

of involved lymph nodes, specifying whether macro- or
micrometastases. Of note, nodes with isolated tumor cell
only (<0.2 mm) are not considered positive for metastasis
[40, 41].

However, axillary dissection is not infrequently associ-
ated with side effects, such as arm lymphedema, paresthesia,
pain, and motor deficit. Moreover, with the implementation
of screening programs, an increasing number of patients
with node-negative early breast cancer were subjected to
unnecessary axillary dissection. Hence, the need for a diag-
nostic procedure capable of discriminating patients for
whom completion axillary dissection could be avoided.
Sentinel lymph node biopsy (SLNB), a technique initially
devised for penile cancer and melanoma, relies on the
assumption that lymphatic spread of cancer cells occurs
orderly and sequentially along the lymphatic drainage;
hence, there must be a lymph node supposed to be the first
metastasis recipient and from which the disease can subse-
quently spread to the remaining lymph nodes. Phase III clini-
cal trials by Veronesi’s and Giuliano’s groups convincingly
demonstrated that breast cancer patients with a negative
SLNB could safely avoid axillary dissection [42—44]. Since
these seminal works, SLNB entered the clinical arena, and
pathologists put their efforts in defining the most accurate
way for SLNB analysis, leading to a surprisingly variegated
panorama, with no universally accepted protocols. Some
institutions adopted an intraoperative frozen section assess-
ment, to avoid a second surgery in case of a positive SLNB,
using different protocols with regard to the number of sec-
tions examined and the cutting intervals; others adopted
assessment of lymph node status on permanent sections, also
using immunohistochemical stains, with the goal of achiev-
ing high sensitivity. More recently, intraoperative molecular
assessment, using reverse transcription-PCR assays for cyto-
keratin-19 (one-step nucleic acid amplification, OSNA),
entered the clinical practice [45—47]. The obsession to look
for even minimal sentinel lymph node involvement, how-
ever, was eventually challenged by the evidence that patients
with isolated tumor cells or micrometastasis only in the sen-
tinel lymph node could be safely spared completion axillary
dissection without any adverse effect on outcome [48]. This
led to questioning the need for axillary dissection also for
patients with small and clinically node-negative breast
cancer, but histologically positive sentinel node. The
ACOSOG Z0011 trial randomized 891 patients with clini-
cally T1-2, breast cancer, and histologically positive SLNB,
to undergo axillary dissection or not. When the ACOSOG
Z0011 was initially reported with a median follow-up of
6.3 years, regional recurrence after SLND alone for women
with 1 or 2 positive sentinel lymph nodes was surprisingly
low (0.9%), and completion axillary dissection did not sig-
nificantly reduce regional recurrence or improve survival
[49, 50].
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Further data analysis, with nearly 10 years of median
follow-up, still showed a remarkably low regional recurrence
rate of 1.5% for SLND alone [51].

Following the report of these results, completion axillary
dissection is no longer recommended for patients with small
early breast cancer undergoing breast-conserving surgery
and whole breast irradiation, even in case of metastasis to
one or two sentinel lymph nodes.

16.11 Biological Features of Breast
Carcinoma

Adjuvant systemic therapy of breast cancer is mainly
informed by the biological characteristics of the primary
tumor, including hormone receptor and HER?2 status, and the
assessment of the proliferation fraction [52]. It is therefore
mandatory that the final pathological report includes an
accurate evaluation of these parameters.

As previously mentioned, a reliable assessment of these bio-
logical features requires an optimized pre-analytical phase, with
proper fixation of the specimen. One of the most important steps
for optimal testing is the choice of the block to be submitted for
the assays: it should be taken at the invasive edge of the lesion,
including normal breast parenchyma, and must be representa-
tive of the invasive component of the tumor. In bilateral breast
cancer, samples from both tumors should undergo biological
characterization, given the high frequency of phenotype discor-
dances in bilateral cancer; for multifocal or multicentric disease,
ideally all the different foci should be evaluated, but in the vast
majority of cases they exhibit similar morphological and bio-
logical phenotype. A reasonable approach would be to assess
first whether the different tumor foci show the same morpho-
logical features (i.e., tumor type and grade) or they are different.
In the former case, it may be acceptable to assess hormone
receptors, HER2 and proliferative index in only one nodule,
whereas in the latter it is recommended to test all the foci that
are morphologically different. In multifocal or multicentric dis-
ease, in case the nodule assessed for biological characteristic
shows a triple negative phenotype, it is highly recommended to
test further foci, seeking for clones with different biological fea-
tures amenable to hormonal or targeted therapy.

[53]. ER status has been shown to be the major determinant
of breast cancer molecular subtype by gene expression pro-
filing studies [54]. ER-positive tumors comprise up to 75%
of all breast cancer patients [55] and are largely well differ-
entiated, less aggressive, and associated with better outcome
after surgery than the ER-negative ones [56, 57]. ER has
been considered as the most powerful single predictive factor
identified in breast cancer [58-60], given the fact that
approximately 50% of patients with ER-positive disease
benefit from endocrine therapy [61].

The panelists of the St. Gallen Consensus in 2009 sug-
gested to consider positive for ER and progesterone receptor
(PgR) those tumors showing at least 1% immunoreactive cells
[62]. This definition has been subsequently endorsed by the
ASCO/CAP guideline recommendations for ER and PgR
immunohistochemical testing [63]. Reporting the actual per-
centage of neoplastic cells showing definite nuclear immuno-
reactivity has also been recommended, because the higher the
number of positive cells the larger is the expected benefit from
endocrine therapies. Scoring system taking into account also
the staining intensity (like the H-score or the Allred score) is
considered optional. The ASCO/CAP guidelines covered
technical aspects of the pre-analytical and analytical steps of
the immunohistochemical, interpretation, scoring, and report-
ing of the results, aiming to increase accuracy and reproduc-
ibility. One of the most useful recommendations to avoid
false-negative results in ER testing is to evaluate systemati-
cally the immunoreactivity of the nonneoplastic breast tissue
surrounding the tumor. Ductal and lobular luminal cells are
invariably heterogeneous for ER and PgR immunoreactivity,
whereas myoepithelial and stromal cells are invariably nega-
tive thus providing a built-in positive and negative control of
the sensitivity and the specificity of the reaction (Fig. 16.3).

While in certain subsets of cases ER-positive tumors may
be negative for PgR, conferring lower sensitivity to anti-
estrogen therapy, especially in the metastatic setting, the
reversed phenotype (ER negative and PgR positive) is very
rarely true. Almost all the cases with such an aberrant pheno-
type are due to a false-negative assay for ER or, less frequently,
a false-positive assay for PgR, and the pathologists should be
encouraged to repeat the test, possibly on a different block
before rendering this unusual report.

16.12 Estrogen and Progesterone Receptor
Status

ER plays crucial roles in breast carcinogenesis; it was first
identified in the 1960s and used in breast cancer clinical
management since mid-1970s. It is universally considered
one of the most important biomarkers for breast cancer clas-
sification, as a primary indicator of endocrine responsive-
ness, thus guiding oncologist in planning patient treatment

16.13 HER2

Human epidermal growth factor receptor 2 (HER2)-positive
[1] breast cancer (BC) accounts for 15-20% of early breast
cancer, and it is characterized by an aggressive behavior and
poor response to conventional chemotherapy (CHT) [64, 65].
HER?2 drives tumorigenesis mostly through protein overex-
pression in his wild-type form and pathway hyperactivation.
Cancer promotion by HER2 kinase domain activating
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Fig.16.3 Invasive ductal
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mutations has been rarely (3%) reported in the absence of
protein overexpression [66—68]. The development and the
clinical use of HER2-targeted therapies (antibodies and tyro-
sine kinase inhibitors) [69] led to a dramatic improvement of
the outcome for patients with HER2-positive (HER2+) breast
cancer [70-75]. HER2 pathways may be even more effi-
ciently inhibited by combination therapies (dual blockade), as
demonstrated in the metastatic and neoadjuvant setting [76—
79], and currently tested within phase III randomized trials in
the adjuvant setting [80]. Despite the efforts for standardizing
HER? testing, its reproducibility still represent a significant
issue: central pathology review of locally assessed samples
collected within prospective clinical trials reported concor-
dance rates in the assessment of HER?2 status by immunohis-
tochemistry or in situ hybridization assays ranging from 77.5
to 96% [81-83]. In this regard, guidelines describing how to
optimally perform the immunohistochemical (IHC) and in
situ hybridization (ISH) assays for assessing HER?2 status and
evaluate and score the results have been issued and regularly
updated [1]. Briefly, the 2013 ASCO/CAP guidelines define
HER2-positive (score 3+) breast carcinoma as tumors con-
taining more than 10% of cells with complete and intense cir-
cumferential membrane staining by IHC. ISH-positive breast
carcinoma is defined as showing an average HER2 copy num-
ber >6.0 signals/cell or average HER2 copy number >4.0 sig-
nals/cell and a HER2 to chromosome 17 centromere (CEP17)
ratio >2.0. Cases presenting weak to moderate circumferen-
tial membrane staining in more than 10% of tumor cells, or
intense, complete and circumferential membrane staining in
less than 10% of tumor cells should be classified as equivocal
(score 2+) by IHC, while cases presenting HER2 to 17 centro-

mere (CEP17) ratio <2.0 with an average HER2 copy num-
ber >4.0 and <6.0 signals per cell are considered equivocal by
ISH. Equivocal cases require further assessment with the
alternative assay or re-testing with the same assay of different
tumor blocks or synchronous nodal metastases if available.
Incomplete, faint, or barely perceptible membrane staining in
more than 10% of tumor cells (score 1+) and no staining
observed or incomplete, faint, or barely perceptible mem-
brane staining in less than 10% of tumor cells (score 0) would
confidently classify breast cancers as HER2 negative by IHC,
while ISH-negative cases are characterized by a HER2 to
chromosome 17 centromere (CEP17) ratio <2.0 with an aver-
age HER2 copy number <4.0 (Fig. 16.4).

16.14 Ki-67 Labeling Index

Tumor proliferation is one of the most powerful tools in breast
cancer prognostication. The protein identified by the Ki-67
antibody is expressed in all proliferating cells during late G1,
S, G2, and M phases of the cell cycle, peaking in the G2-M
phases. In clinical practice, tumor proliferative fraction is most
commonly assessed by the immunohistochemical staining of
the Ki-67 antigen, using the MIB-1 monoclonal antibody [84].

The prognostic and predictive value of tumor prolifera-
tion has been extensively investigated in both the neoadju-
vant and adjuvant settings [85, 86] and has been corroborated
by gene expression analysis and molecular prognostic signa-
tures, whereby the identification of intrinsic breast cancer
molecular subtypes (i.e., Luminal A vs. Luminal B) or the
distinction between aggressive or more indolent tumors
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Fig.16.4 Immunohistochemistry for HER2. Score 1+ (a); score 2+ (b); score 3+ (¢)
relies mainly on proliferation-related genes [54, 87-92]. HER2 negativity, and <14% Ki-67 labeling index.

Therefore, accuracy of Ki-67 scoring is still a crucial issue,
and huge efforts had been spent in improving consistency
and in identifying the ideal cutoff value.

In 2010, the panelists of the International Ki-67 in Breast
Cancer Working Group met in London and issued comprehen-
sive recommendations aiming to achieve a harmonized, repro-
ducible, and accurate methodology. Substantially, they
suggested to assess Ki-67 labeling index on full-face sections,
in at least three high-power (x40 objective) fields after an initial
overview of the whole section, scoring at least 500 malignant
invasive cells, preferably at the invasive edge of the tumor [93].

In their pivotal study, Cheang and colleagues [94] showed
that a 14% cutoff was reliably able to discriminate tumors
belonging to the Luminal A and Luminal B molecular sub-
types. They found a Luminal A prevalence among ER-positive
samples of approximately 60%. On the contrary, applying this
same cutoff, other authors found an opposite prevalence of
Luminal A and Luminal B cases. Consequently, at the 2013
St. Gallen Conference [95], the 14% cutoff for Ki-67 was
challenged, and the majority of the panelists proposed to raise
it to 20% for a better subclassification of luminal tumors. At
the same time, Prat and colleagues [96] suggested to include
high PgR expression (>20%) as an additional parameter for
identifying the Luminal A subtype, along with ER positivity,

Maisonneuve et al. tested these new parameters in 9415
ER-positive and HER2-negative early breast cancer patients,
treated between 1994 and 2006 and followed up at the
European Institute of Oncology in Milan [97]. According to
the 2011 St. Gallen criteria (Ki-67 cutoff of 14%), they found
that 33% of the tumors would have been classified as Luminal
A and 66% as Luminal B. Using the 2013 criteria (Ki-67 at
20% and adding PgR with the 20% cutoft), 43% of the tumors
qualified for Luminal A and 57% for Luminal B. Interestingly,
distant disease-free interval of the patients with low-proliferat-
ing tumors (Ki-67 < 14%) was not affected by PgR. Conversely,
patients with tumors showing an intermediate Ki-67 labeling
index (between 14 and 19%) had a significant different out-
come according to PgR status, suggesting to classify as
Luminal A tumors with either low (<14%) Ki-67 labeling
index or with an intermediate labeling index (14—19%) and
PgR of >20%. Luminal B tumors would be defined by either
high Ki-67 labeling index (20% or more) or an intermediate
Ki-67 and PgR _20%. Using this definition, 52% of the 9415
tumors qualified for Luminal A and 48% for Luminal B, with
a significantly different clinical outcome of the patients (HR:
1.75, 95% CI: 1.42-2.11), after adjustment for clinicopatho-
logical variables including pT, pN, tumor grade, peritumoral
vascular invasion, menopausal status, and systemic therapy.
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16.15 Epilogue

The histopathological and biological characteristics of breast
carcinoma are essential parameters to inform the choice of
the systemic treatments. Hence, the pathology report of
breast cancer must be complete and accurate, and include all
the relevant features of the tumor. Recommendations have
been issued by several national and international organiza-
tions on how to best evaluate and report these features and
are continuously updated. It is the responsibility of each indi-
vidual pathologist to follow all the available recommenda-
tions and guidelines strictly. The role of the pathologists in
the multidisciplinary approach to breast cancer patients can-
not be overemphasized, and the pathology report is their
most important contribution.

References

10.

11.

12.

13.

. Bossuyt

. Wolff AC, Hammond ME, Schwartz JN et al (2007) American

Society of Clinical Oncology/College of American Pathologists
guideline recommendations for human epidermal growth factor
receptor 2 testing in breast cancer. J Clin Oncol 25:118-145

. Hammond ME, Hayes DF, Wolff AC et al (2010) American Society

of Clinical Oncology/College of American Pathologists guideline
recommendations for immunohistochemical testing of estrogen and
progesterone receptors in breast cancer. J Oncol Pract 6:195-197
V, Provenzano E, Symmans WF et al (2015)
Recommendations for standardized pathological characterization
of residual disease for neoadjuvant clinical trials of breast cancer by
the BIG-NABCG collaboration. Ann Oncol 26(7):1280-1291

. Provenzano E, Bossuyt V, Viale G et al (2015) Standardization of

pathologic evaluation and reporting of postneoadjuvant specimens
in clinical trials of breast cancer: recommendations from an interna-
tional working group. Mod Pathol 28(9):1185-1201

. Lakhani S, Ellis I, Schnitt S et al (2012) WHO classification of

tumours of the breast, 4. Aufl edn. IARC Press, Lyon

. Colleoni M, Rotmensz N, Maisonneuve P et al (2012) Outcome of

special types of breast cancer. Ann Oncol 23(6):1428-1436

. Arpino G, Clark GM, Mohsin S et al (2000) Adenoid cystic carci-

noma of the breast: molecular markers, treatment, and clinical out-
come. Cancer 94:2119-2127

. Leibl S, Gogg-Kammerer M, Sommersacher A et al (2005)

Metaplastic breast carcinomas: are they of myoepithelial differen-
tiation? Immunohistochemical profile of the sarcomatoid subtype
using novel myoepithelial markers. Am J Surg Pathol 29:347-353

. Pestalozzi BC, Zahrieh D, Mallon E et al (2008) Distinct clinical

and prognostic features of infiltrating lobular carcinoma of the
breast: combined results of 15 international breast cancer study
group clinical trials. J Clin Oncol 26:3006-3014

Viale G, Rotmensz MP et al (2009) Lack of prognostic significance
of “classic” lobular breast carcinoma: a matched, single institution
series. Breast Cancer Res Treat 117:211-214

Edge SB, Byrd DR, Compton CC et al (2010) AJCC cancer staging
manual, 7th edn. Springer, New York

Ellis 10, Carder P, Hales S et al (2016) Pathology reporting of
breast disease in surgical excision specimens incorporating the
dataset for histological reporting of breast cancer. Published by The
Royal College of Pathologists, 73

Henson DE, Ries L, Freedman LS et al (1991) Relationship among
outcome, stage of disease, and histologic grade for 22,616 cases of
breast cancer. The basis of a prognostic index. Cancer 68:
2142-2149

14.

16.

17.

18

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Page DL, Ellis 10, Elston CW (1995) Histologic grading of breast
cancer let’s do it. Am J Clin Pathol 103:123-124

. Rakha EA, El-Sayed ME, Lee AH et al (2008) Prognostic signifi-

cance of Nottingham histologic grade in invasive breast carcinoma.
J Clin Oncol 26:3153-3158

Patey DH, Scarff RW (1928) The position of histology in the prog-
nosis of carcinoma of the breast. Lancet 1:801-804

Bloom HJ, Richardson WW (1957) Histological grading and prog-
nosis in breast cancer. Br J Cancer 11:359-377

. Elston CW, Ellis IO (1991) Pathological prognostic factors in

breast cancer. I. The value of histological grade in breast cancer:
experience from a large study with long-term follow-up.
Histopathology 19(5):403-401

Dunne B, Going JJ (2001) Scoring nuclear pleomorphism in breast
cancer. Histopathology 39:259-265

Verhoeven D, Bourgeois N, Derde MP et al (1990) Comparison of
cell growth in different parts of breast cancers. Histopathology
17:505-509

Connor AJM, Pinder SE, Elston CW et al (1997) Intratumoural het-
erogeneity of proliferation in invasive breast carcinoma evaluated
with MIB1 antibody. Breast 6:171-176

Harris GC, Denley HE, Pinder SE, Lee AH, Ellis 10, Elston CW
et al (2003) Correlation of histologic prognostic factors in core
biopsies and therapeutic excisions of invasive breast carcinoma.
Am J Surg Pathol 27:11-15

O’Shea AM, Rakha EA, Hodi Z et al (2011) Histological grade of
invasive carcinoma of the breast assessed on needle core biopsy—
modifications to mitotic count assessment to improve agreement
with surgical specimens. Histopathology 59:543-548

Pinder SE, Ellis 10, Galea M et al (1994) Pathological prognostic
factors in breast cancer. III. Vascular invasion: relationship with
recurrence and survival in a large study with long-term follow-up.
Histopathology 24:41-47

Lee AH, Pinder SE, Macmillan RD et al (2006) Prognostic value of
lymphovascular invasion in women with lymph node negative inva-
sive breast carcinoma. Eur J Cancer 42:357-362

Mohammed RA, Ellis 10, Lee AH, Martin SG (2009) Vascular
invasion in breast cancer; an overview of recent prognostic develop-
ments and  molecular  pathophysiological = mechanisms.
Histopathology 55:1-9

Braun M, Flucke U, Debald M et al (2008) Detection of lympho-
vascular invasion in early breast cancer by D2-40 (podoplanin): a
clinically useful predictor for axillary lymph node metastases.
Breast Cancer Res Treat 112:503-511

Fisher B, Anderson S, Bryant J et al (2002) Twenty-year follow-up
of a randomized trial comparing total mastectomy, lumpectomy,
and lumpectomy plus irradiation for the treatment of invasive breast
cancer. N Engl J Med 347:1233-1241

Arriagada R, L& MG, Rochard F, Contesso G (1996) Conservative
treatment versus mastectomy in early breast cancer: patterns of fail-
ure with 15 years of follow-up data. Institut Gustave-Roussy breast
cancer group. J Clin Oncol 14:1558-1564

Blichert-Toft M, Rose C, Andersen JA et al (1992) Danish random-
ized trial comparing breast conservation therapy with mastectomy:
six years of life-table analysis. Danish breast cancer cooperative
group. J Natl Cancer Inst Monogr 11:19-25

Poggi MM, Danforth DN, Sciuto LC et al (2003) Eighteen-year
results in the treatment of early breast carcinoma with mastectomy
versus breast conservation therapy: the National Cancer Institute
Randomized trial. Cancer 98:697-702

Van Dongen JA, Voogd AC, Fentiman IS et al (2000) Long-term
results of a randomized trial comparing breast-conserving therapy
with mastectomy: European Organization for Research and
Treatment of Cancer 10801 trial. J Natl Cancer Inst 92:1143-1150
Veronesi U, Cascinelli N, Mariani L et al (2002) Twenty-year
follow-up of a randomized study comparing breast-conserving sur-
gery with radical mastectomy for early breast cancer. N Engl J Med
347:1227-1232



The Pathology Report

167

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

Halyard MY, Wasif N, Harris EE et al (2012) ACR appropriateness
criteria local-regional recurrence (LR) and salvage surgery: breast
cancer. Am J Clin Oncol 35:178-182

Park CC, Mitsumori M, Nixon A et al (2000) Outcome at 8 years
after breast conserving surgery and radiation therapy for invasive
breast cancer: influence of margin status and systemic therapy on
local recurrence. J Clin Oncol 18:1668-1675

Leong C, Boyages J, Jayasinghe UW et al (2004) Effect of margins
on ipsilateral breast tumor recurrence after breast conservation
therapy for lymph node negative breast carcinoma. Cancer 100:
1823-1832

Dooley WC, Parker J (2005) Understanding the mechanisms creat-
ing false positive lumpectomy margins. Am J Surg 190:606-608
Esbona K, Li Z, Wilke LG (2012) Intraoperative imprint cytology
and frozen section pathology for margin assessment in breast con-
servation surgery: a systematic review. Ann Surg Oncol 19:
3236-3245

Osborn JB, Keeney GL, Jakub JW et al (2011) Cost-effectiveness
analysis of routine frozen-section analysis of breast margins com-
pared with reoperation for positive margins. Ann Surg Oncol
18:3204-3209

De Mascarel I, MacGrogan G, Debled M et al (2008) Distinction
between isolated tumor cells and micrometastases in breast cancer:
is it reliable and useful? Cancer 112:1672-1678

. Cserni G, Bianchi S, Vezzosi V et al (2008) Variations in sentinel

node isolated tumour cells/micrometastasis and non-sentinel node
involvement rates according to different interpretations of the TNM
definitions. Eur J Cancer 44:2185-2191

Veronesi U, Paganelli G, Galimberti V et al (1997) Sentinel-node
biopsy to avoid axillary dissection in breast cancer with clinically
negative lymph-nodes. Lancet 349(9069):1864—-1867

Viale G, Bosari S, Mazzarol G et al (1999) Intraoperative examina-
tion of axillary lymph nodes in breast carcinoma patients. Cancer
85(11):2433-2438

Turner RR, Olilla DW, Krasne DL, Giuliano AE (1997)
Histopathologic validation of sentinel lymph node hypothesis for
breast carcinoma. Ann Surg 226(3):271-276

Taniyama K, Motoshita J, Sakane J et al (2006) Combination analy-
sis of a whole lymph node by one-step nucleic acid amplification
and histology for intraoperative detection of micrometastasis.
Pathobiology 73(4):183-191

Tsujimoto M, Nakabayashi K, Yoshidome K et al (2007) One-step
nucleic acid amplification for intraoperative detection of lymph
node metastasis in breast cancer patients. Clin Cancer Res
13(16):4807-4816

Tamaki Y, Akiyama F, Iwase T et al (2009) Molecular detection of
lymph node metastases in breast cancer patients: results of a multi-
center trial using the one-step nucleic acid amplification assay. Clin
Cancer Res 15(8):2879-2884

Hansen NM, Grube B, Ye X et al (2009) Impact of micrometastasis
in the sentinel node of patients with invasive breast cancer. J Clin
Oncol 27(28):4679-4684

Giuliano AE, Hunt KK, Ballman KV et al (2011) Axillary dissec-
tion vs no axillary dissection in women with invasive breast cancer
and sentinel node metastasis: a randomized clinical trial. JAMA
305:569-575

Giuliano AE, McCall L, Beitsch P et al (2010) Locoregional recur-
rence after sentinel lymph node dissection with or without axillary
dissection in patients with sentinel lymph node metastases: the
American College of Surgeons oncology group Z0011 randomized
trial. Ann Surg 252:426-432

Giuliano AE, Ballman K, McCall L et al (2016) Locoregional
recurrence after sentinel lymph node dissection with or without
axillary dissection in patients with sentinel lymph node metastases:
long-term follow-up from the american college of surgeons oncol-
ogy group (alliance) ACOSOG Z0011 randomized trial. Ann Surg
264(3):413-420

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Coates AS, Winer EP, Goldhirsch A et al (2015) Tailoring therapies-
improving the management of early breast cancer: St. Gallen inter-
national expert consensus on the primary therapy of early breast
cancer. Ann Oncol 26:1533-1546

Rakha EA, Reis-Filho JS, Ellis 10 (2010) Combinatorial biomarker
expression in breast cancer. Breast Cancer Res Treat 120(2):
293-308

Perou CM, Sorlie T, Eisen MB et al (2000) Molecular portraits of
human breast tumours. Nature 406(6797):747-752

Anderson WEF, Chatterjee N, Ershler WB, Brawley OW (2002)
Estrogen receptor breast cancer phenotypes in the surveillance, epi-
demiology, and end results database. Breast Cancer Res Treat
76:27-36

Dunnwald LK, Rossing MA, Li CI (2007) Hormone receptor sta-
tus, tumor characteristics, and prognosis: a prospective cohort of
breast cancer patients. Breast Cancer Res 9:R6

Putti TC, El-Rehim DMA, Rakha EA et al (2005) Estrogen
receptor-negative breast carcinomas: a review of morphology and
immunophenotypical analysis. Mod Pathol 18:26-35

Group EBCTC (2005) Effects of chemotherapy and hormonal ther-
apy for early breast cancer on recurrence and 15-year survival: an
overview of the randomised trials. Lancet 365:1687-1717

Badve S, Nakshatri H (2009) Oestrogen-receptor-positive breast
cancer: towards bridging histopathological and molecular classifi-
cations. J Clin Pathol 62:6-12

Oh DS, Troester MA, Usary J et al (2006) Estrogen-regulated genes
predict survival in hormone receptor-positive breast cancers. J Clin
Oncol Off J Am Soc Clin Oncol 24:1656-1664

Group EBCTC (1998) Tamoxifen for early breast cancer: an over-
view of the randomised trials. Lancet 351:1451-1467

Goldhirsch A, Ingle JN, Gelber RD et al (2009) Thresholds for
therapies: highlights of the St. Gallen international expert consen-
sus on the primary therapy of early breast cancer. Ann Oncol
20:1319-1329

Hammond ME, Hayes DF, Dowsett M et al (2010) American
Society of Clinical Oncology/College of American Pathologists
guideline recommendations for immunohistochemical testing of
estrogen and progesterone receptors in breast cancer. J Clin Oncol
28:2784-2789

Kohler BA, Sherman RL, Howlader N et al (2015) Annual report to
the nation on the status of cancer, 1975-2011, featuring incidence
of breast cancer subtypes by race/ethnicity, poverty, and state.
J Natl Cancer Inst 30:107

Bose R, Kavuri SM, Searleman AC et al (2013) Activating HER2
mutations in HER2 gene amplification negative breast cancer.
Cancer Discov 3(2):224-237

Greulich H, Kaplan B, Mertins P et al (2012) Functional analysis of
receptor tyrosine kinase mutations in lung cancer identifies onco-
genic extracellular domain mutations of ERBB2. Proc Natl Acad
Sci U S A 109(36):14476-14481

Wagle N, Lin NU, Richardson AL et al (2014) Whole exome
sequencing of HER2+ metastatic breast cancer from patients
with or without prior trastuzumab: a correlative analysis of
TBCRCO003. Presented at the San Antonio Breast Cancer
Symposium

Ross JS, Slodkowska EA, Symmans WF et al (2009) The HER-2
receptor and breast cancer: ten years of targeted anti-HER-2 ther-
apy and personalized medicine. Oncologist 14:320-368

Moasser MM, Krop IE (2015) The evolving landscape of HER2
targeting in breast cancer. JAMA Onocol 1(8):1154-1161

Salmon DJ, Leyland-Jones B, Shak S et al (2001) Use of chemo-
therapy plus a monoclonal antibody against HER2 for metastatic
breast cancer that overexpresses HER2. N Engl J Med
344(11):783-792

Piccart-Gebhart MJ, Procter M, Leyland-Jones B et al (2005)
Trastuzumab after adjuvant chemotherapy in HER2-positive breast
cancer. N Engl J Med 353:1659-1672



168

A.Vingiani and G. Viale

72.

73.

74.

75.

76.

7.

78.

79.

80.
81.

82.

83.

Goldhirsch A, Gelber RD, Piccart-Gebhart MJ et al (2013) 2 years
versus 1 year of adjuvant trastuzumab for HER2-positive breast
cancer (HERA): an open-label, randomized controlled trial. Lancet
382:1021-1028

Perez EA, Romond EH, Suman VJ et al (2011) Four-year follow-up
of trastuzumab plus adjuvant chemotherapy for operable human
epidermal growth factor receptor 2-positive breast cancer: joint
analysis of data from NCCTG N9831 and NSABP B-31. J Clin
Oncol 29:3366-3373

Perez EA, Romond EH, Suman VIJ et al (2014) Trastuzumab plus
adjuvant chemo-therapy for human epidermal growth factor recep-
tor 2-positive breast cancer: planned joint analysis of overall sur-
vival from NSABP B-31 and NCCTG N9831. J Clin Oncol
32:3744-3752

Guarneri V, Frassoldati A, Bottini A et al (2012) Preoperative che-
motherapy plus trastuzumab, lapatinib, or both in human epidermal
growth factor receptor 2-positive operable breast cancer: results of
the randomized phase II CHER-LOB study. J Clin Oncol
30(16):1989-1995

Baselga J, Cortes J, Kim SB et al (2012) Pertuzumab plus trastu-
zumab plus docetaxel for metastatic breast cancer. N Engl ] Med
366(2):109-119

Swain SM, Baselga J, Kim SB et al (2015) Pertuzumab, trastu-
zumab, and docetaxel in HER2-positive metastatic breast cancer. N
Engl J Med 372(8):724-734

Baselga J, Bradbury I, Eidtmann H et al (2012) Lapatinib with
trastuzumab for HER2-positive early breast cancer (NeoALTTO): a
randomised, open-label, multicentre, phase 3 trial. Lancet
379:633-640

Gianni L, Bienkowski T, Im YH et al (2012) Efficacy and safety of
neoadjuvant pertuzumab and trastuzumab in women with locally
advanced, inflammatory, or early HER2-positive breast cancer
(NeoSphere): a randomised multicentre, open-label, phase 2 trial.
Lancet Oncol 13(1):25-32

IBCSG Trial 39-11/BIG 4-11 (APHINITY)

Press MF, Sauter G, Bernstein L et al (2005) Diagnostic evaluation
of HER-2 as a molecular target: an assessment of accuracy and
reproducibility of laboratory testing in large, prospective, random-
ized clinical trials. Clin Cancer Res 11(18):6598-6607

Perez EA, Suman VJ, Davidson NE et al (2006) HER2 testing by
local, central, and reference laboratories in specimens from the
North Central Cancer Treatment Group N9831 intergroup adjuvant
trial. J Clin Oncol 24(19):3032-3038

Viale G, Slaets L, Bogaerts J et al (2014) High concordance of pro-
tein (by IHC), gene (by FISH; HER2 only), and microarray readout
(by TargetPrint) of ER, PgR, and HER2: results from the EORTC
10041/BIG 03-04 MINDACT trial. Ann Oncol 25:816-823

84.

85

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Thor AD, Liu S, Moore DH, Edgerton SM (1999) Comparison of
mitotic index, in vitro bromodeoxyuridine labeling, and MIB-1
assays to quantitate proliferation in breast cancer. J Clin Oncol
17:470-477

. De Azambuja E, Cardoso F, de Castro G et al (2007) Ki-67 as prog-

nostic marker in early breast cancer: a meta-analysis of published
studies involving 12 155 patients. Br J Cancer 96:1504-1513
Jonat W, Arnold N (2011) Is the Ki-67 labelling index ready for
clinical use? Ann Oncol 22:500-502

Sorlie T, Perou CM, Tibshirani R et al (2001) Gene expression pat-
terns of breast carcinomas distinguish tumor subclasses with clini-
cal implications. Proc Natl Acad Sci U S A 98(19):10869-10874
Parker JS, Mullins M, Cheang MC et al (2009) Supervised risk pre-
dictor of breast cancer based on intrinsic subtypes. J Clin Oncol
27(8):1160-1167

Prat A, Pineda E, Adamo B et al (2015) Clinical implications of the
intrinsic molecular subtypes of breast cancer. Breast Suppl
2:526-S35

Van’t Veer LJ, Dai H, van de Vijver MJ et al (2002) Gene expres-
sion profiling predicts clinical outcome of breast cancer. Nature
415(6871):530-536

Wittner BS, Sgroi DC, Ryan PD et al (2008) Analysis of the
MammaPrint breast cancer assay in a predominantly postmeno-
pausal cohort. Clin Cancer Res 14(10):2988-2993

Paik S, Shak S, Tang G et al (2004) A multigene assay to predict
recurrence of tamoxifen-treated, node-negative breast cancer. N
Engl J Med 351(27):2817-2826

Dowsett M, Nielsen TO, A’Hern R et al (2011) Assessment of
Ki67 in breast cancer: recommendations from the International
Ki67 in Breast Cancer working group. J Natl Cancer Inst
103:1656-1664

Cheang MCU, Chia SK, Voduc D, Gao D, Leung S, Snider J et al
(2009) Ki67 index, HER2 status, and prognosis of patients with
Luminal B breast cancer. J Natl Cancer Inst 101:736-750
Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart
M, Thiirlimann B et al (2013) Personalizing the treatment of women
with early breast cancer: highlights of the St. Gallen international
expert consensus on the primary therapy of early breast cancer. Ann
Oncol 24:2206-2223

Prat A, Cheang MC, Martin M, Parker JS, Carrasco E, Caballero R
et al (2013) Prognostic significance of progesterone receptor e posi-
tive tumor cells within immunohistochemically defined Luminal A
breast cancer. J Clin Oncol 31:203-209

Maisonneuve P, Disalvatore D, Rotmensz N, Curigliano G, Colleoni
M, Dellapasqua S et al (2014) Proposed new clinicopathological
surrogate definitions of Luminal A and Luminal B (HER2-negative)
intrinsic breast cancer subtypes. Breast Cancer Res 16:R65



	16: The Pathology Report
	16.1	 Introduction
	16.2	 Pathology Request Form
	16.3	 Specimen Handling and Sampling
	16.4	 The Pathology Report: A Synopsis
	16.5	 Tumor Type
	16.6	 Tumor Size
	16.7	 Histological Grade
	16.8	 Peritumoral Lymphovascular Invasion
	16.9	 Surgical Margins Status
	16.10	 Nodal Status and Sentinel Lymph Node Biopsy
	16.11	 Biological Features of Breast Carcinoma
	16.12	 Estrogen and Progesterone Receptor Status
	16.13	 HER2
	16.14	 Ki-67 Labeling Index
	16.15	 Epilogue
	References


