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In 2008, the estimated age-adjusted annual incidence of breast
cancer in Europe (40 countries) was 88.4/100 000 and the
mortality 24.3/100 000. The incidence increased after the
introduction of mammography screening and continues to do
so with the aging of the population. The most important risk
factors include genetic predisposition, exposure to estrogens
(endogenous and exogenous) and ionising radiation, low parity
and history of atypical hyperplasia. The Western-style diet,
obesity and consumption of alcohol also contribute to the rising
incidence of breast cancer [2]. There is a steep age gradient, with
about a quarter of breast cancers occurring before age 50, and
<5% before age 35. The estimated prevalence of breast cancer in
Europe in 2010 was 3 763 070 cases [3] and is increasing, both
as a consequence of increased incidence and of improvements
in treatment outcomes. In most Western countries, the
mortality rate has decreased in recent years, especially in
younger age groups because of improved treatment and earlier
detection [4]. However, breast cancer is still the leading cause of
cancer-related deaths in European women.
Breast cancer in males is rare, contributing ∼1% of cases. The
major risk factors include clinical disorders carrying hormonal
imbalances, radiation exposure and, in particular, a positive
family history and genetic predisposition [5].

pre-clinical stage, in order to improve the chance of survival [6].
The European Guidelines for quality assurance in breast cancer
screening and diagnosis recommend standards and describe
performance parameters and indicators that should be
monitored in any screening programme [7]. Biannual
mammography screening has been shown to have the greatest
effect on breast cancer mortality reduction in the age group of
50–69 years and mammography screening in this age group is
recommended by the European Union and numerous countries
[8], while the effect in women aged 40–49 years is disputed [9].
There is no consensus about the exact effect of mammography
screening on breast cancer mortality reduction, and the
estimates reported vary. In a recent UK review of the
randomised, controlled mammography trials, a 20% relative
breast cancer mortality reduction was estimated in women
invited to screening in the age group of 50–70 years [10],
although the review stresses the importance of taking into
account the risk of overdiagnosis and overtreatment as well as
false-positive screening when balancing the beneﬁts and harms
of screening. Additionally, screening programmes carry the risk
of false-negative results and consequently a false feeling of
security among patients and doctors.
In women with familial breast cancer with or without proven
BRCA mutations, annual screening with magnetic resonance
imaging (MRI) of the breast in combination with mammography
can detect the disease at a more favourable stage compared with
mammography screening alone (70% lower risk to be diagnosed
with breast cancer stage II or higher). It is not known, however,
whether breast cancer mortality is lowered [11].
The diagnosis of breast cancer is based on clinical
examination in combination with imaging, and conﬁrmed by
pathological assessment (Table 1). Clinical examination
includes bimanual palpation of the breasts and locoregional
lymph nodes and assessment for distant metastases (bones,
liver, lungs and neurological examination in the case of
symptoms). Imaging includes bilateral mammography and
ultrasound of the breast and regional lymph nodes. The added
value of ultrasound is well proven. An MRI of the breast is not

Downloaded from http://annonc.oxfordjournals.org/ by guest on July 20, 2015

incidence and epidemiology

clinical practice guidelines
Table 1. Diagnostic work-up for early breast cancer
History
Menopausal status
Physical examination
Full blood count
Liver and renal function tests, alkaline
phosphatase and calcium

Assessment of primary
tumour

Physical examination
Mammography
Breast ultrasound
Breast MRIa
Biopsy

Assessment of regional
lymph nodes

Physical examination
Ultrasound
Ultrasound-guided biopsy if suspicious

Assessment of metastatic
disease

Physical examination
Other tests are not routinely recommended,
unless locally advanced or when symptoms
suggestive of metastases are present

a
Not routinely recommended, but may be considered in cases of familial
breast cancer associated with BRCA mutations, breast implants, for lobular
cancers, before neoadjuvant chemotherapy or when the ﬁndings of
conventional imaging are inconclusive (see the text).

routinely recommended, but may be considered in cases of
familial breast cancer associated with BRCA mutations, breast
implants, for lobular cancers, before neoadjuvant chemotherapy
or when the ﬁndings of conventional imaging are inconclusive
such as positive axillary lymph node status with occult primary
tumour in the breast, suspicion of multifocality/multicentricity
(in particular in lobular breast cancer) and for evaluating
response to primary systemic therapy [12]. Several new
techniques are being tested for screening and diagnostic
imaging, such as 3D mammography (breast tomosynthesis), 3D
ultrasound, shear wave elastography, and contrast-enhanced
mammography/spectral mammography. None of them is
routinely implemented as yet, but all show promising
preliminary results and could increase diagnostic accuracy,
especially in women with dense breasts [13].
Apart from imaging, pretreatment disease evaluation includes
pathological examination of the primary tumour and cytology/
histology of axillary nodes if involvement is suspected. Other
assessments include complete personal medical history, family
history relating to breast/ovarian and other cancers, physical
examination, full blood count, liver and renal function tests,
alkaline phosphatase and calcium. Assessing the menopausal
status is imperative, if in doubt by measuring serum estradiol
and follicle-stimulating hormone levels.
Pathological diagnosis should be based on a core needle
biopsy obtained manually or, preferably, by ultrasound or
stereotactic guidance. A core needle biopsy (or, if that is not
possible, at least a ﬁne needle aspiration indicating carcinoma)
must be obtained before any type of treatment. If preoperative
systemic therapy is planned, a core needle biopsy is mandatory
to ensure a diagnosis of invasive disease and assess biomarkers,
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and a marker (e.g. surgical clip, carbon) should be placed into
the tumour at biopsy to facilitate evaluation of tumour response
during treatment and to ensure surgical resection of the correct
site [V, A]. As a minimum, ultrasound-guided ﬁne needle
aspiration or core biopsy of suspicious lymph nodes should be
carried out. In patients with clinically and imaging negative
axilla, the best timing to carry out sentinel lymph node biopsy
(SLNB), before or after preoperative systemic therapy, remains
controversial.
Final pathological diagnosis should be made according to the
World Health Organization (WHO) classiﬁcation [14] and the
tumour–node–metastases (TNM) staging system analysing all
tissue removed. The pathological report should include the
histological type, grade, immunohistochemical (IHC)
evaluation of estrogen receptor (ER) status using a standardised
assessment methodology (e.g. Allred or H-score), and, for
invasive cancer, IHC evaluation of PgR and HER2 receptor
expression. HER2 gene ampliﬁcation status may be determined
directly from all tumours using in situ hybridisation
(ﬂuorescent or chromogenic or silver in situ hybridisation),
replacing IHC or only for tumours with an ambiguous (2+) IHC
score [II, B] [15]. Proliferation markers such as the Ki67
labelling index may supply additional useful information,
particularly if the assay can be standardised [V, A] [16, 17].
Alternatively, these biological markers can be assessed in the
deﬁnitive surgical specimen if primary systemic therapy is not
planned, although ﬁxation is better controlled for core biopsies,
allowing safer antigen preservation for IHC [18]. In case of
negativity of ER/PgR and HER2 in the biopsy specimen, it is
advisable to retest them in the surgical specimen, to account for
the putative tumour heterogeneity [19].
For the purpose of prognostication and treatment decisionmaking, tumours are grouped into surrogate intrinsic subtypes
deﬁned by routine histology and IHC data (Table 2) [20].

staging and risk assessment
Disease stage should be assessed according to the TNM system
(Tables 3 and 4). In early breast cancer, routine staging
evaluations are directed at locoregional disease, as
asymptomatic distant metastases are very rare and patients do
not beneﬁt from comprehensive laboratory (including tumour
markers [21]) and radiological staging [III, D]. Additional
investigations such as chest computed tomography (CT),
abdominal ultrasound or CT scan and bone scan should be
considered for patients with clinically positive axillary nodes,
large tumours (e.g. ≥5 cm) or clinical signs, symptoms or
laboratory values suggesting the presence of metastases [III, B].
Dual imaging methods combining functional and anatomical
information such as ﬂuorodeoxyglucose positron emission
tomography (FDG-PET)/CT may be useful when conventional
methods are inconclusive. Current evidence does not support
the use of FDG-PET/CT in the staging procedure of local/
regional disease, due to limited speciﬁcity compared with the
gold standard methods for axillary staging —SLNB and axillary
lymph node dissection [22].
The postoperative pathological assessment of the surgical
specimen should be made according to the primary TNM
( pTNM) system (Tables 3 and 4) to include number, location
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Table 2. Surrogate deﬁnitions of intrinsic subtypes of breast cancer according to the 2013 St Gallen Consensus Conference and also recommended by the
ESMO Clinical Practice Guidelines [20]
Intrinsic subtype
Luminal A

Luminal B

Clinicopathologic surrogate
deﬁnition

Notes

‘Luminal A-like’
ER-positive
HER2-negative
Ki67 low*
PgR high**

*The cut-off point between high and low values for Ki67 varies between laboratories.
**Suggested values are 20% for both PgR and Ki67, but laboratory speciﬁc cut-off points can be used to
distinguish between low and high values for Ki67 and PgR; quality assurance programmes are
essential for laboratories reporting these results.

•
•
•
•

‘Luminal B-like (HER2negative)’
• ER-positive
• HER2-negative
• and either

•
•

Ki67 high or
PgR low

HER2
overexpression

‘Basal-like’

‘HER2-positive (nonluminal)’
• HER2-positive
• ER and PgR absent
‘Triple-negative (ductal)’
ER and PgR absent
HER2-negative

•
•

There is ∼80% overlap between ‘triple-negative’ and intrinsic ‘basal-like’ subtype, but ‘triple-negative’
also includes some special histological types such as (typical) medullary and adenoid cystic
carcinoma with low risks of distant recurrence.

and maximum diameter of tumours removed, the total number
of removed and number of positive lymph nodes, and the extent
of metastases in the lymph nodes [isolated tumour cells,
micrometastases (0.2–2 mm), macrometastases]. The report
should also include the histological type and grade of the
tumour(s) (using a standard grading system), evaluation of the
resection margins, including the location and minimum
distance of the margin, vascular and lymphovascular invasion
and biomarker analysis, as described above.
The most important prognostic factors in early breast cancer
are expression of ER/PgR, HER2 and proliferation markers,
number of involved regional lymph nodes, tumour histology,
size, grade and presence of peritumoural vascular invasion.
Additionally, in breast-conserving therapy (BCT) patients, the
ipsilateral breast recurrence risk is related to the status of
surgical margins and presence of extensive intraductal
component.
Clinical parameters (age, tumour stage, ER expression and
histological grade) have been integrated into scoring systems
that allow a relatively accurate estimation of the probability of
recurrence and death from breast cancer; examples include the
Nottingham Prognostic Index (NPI), Adjuvant! Online (www.
adjuvantonline.com) or PREDICT score [23–25]. Gene
expression proﬁles such as MammaPrint® (Agendia,
Amsterdam, the Netherlands) or Oncotype DX® Recurrence
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Score (Genomic Health, Redwood City, USA) may be used to
gain additional prognostic and/or predictive information to
complement pathology assessment and to predict response to
adjuvant chemotherapy. This is particularly true in patients
with ER-positive early breast cancer; however, their true clinical
utility is still being evaluated in large randomised clinical trials
such as MINDACT, TAILORx and RxPONDER.
ER/PgR and HER2 are the only validated predictive factors,
allowing for selection of patients for endocrine therapies (ETs) and
anti-HER2 treatments, respectively. High ER expression is also
usually associated with lesser absolute beneﬁt of chemotherapy.
After neoadjuvant systemic treatment, the response to treatment
and amount of residual disease are important prognostic factors
but need as much standardisation as any of the other biological
markers, and no uniform guidelines exist for the evaluation of
response to neoadjuvant treatment, although some guidance is
provided by the FDA recommendation for accelerated drug
approval in neoadjuvant treatment of breast cancer [26].

management of local/locoregional
disease
According to the international recommendations, treatment
should be carried out in ‘breast units’ deﬁned as specialised
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Table 3. Tumour–node–metastases (TNM) staging system for carcinoma of the breast [27]

Continued
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Primary tumour (T)a,b,c,d
TX
Primary tumour cannot be assessed
T0
No evidence of primary tumour
Tis
Carcinoma in situ
Tis (DCIS)
Ductal carcinoma in situ
Tis (LCIS)
Lobular carcinoma in situ
Tis (Paget’s)
Paget’s disease (Paget disease) of the nipple NOT associated with invasive carcinoma and/or carcinoma in situ (DCIS and/or LCIS) in the
underlying breast parenchyma. Carcinomas in the breast parenchyma associated with Paget’s disease are categorised based on the size
and characteristics of the parenchymal disease, although the presence of Paget’s disease should still be noted.
T1
Tumour ≤20 mm in greatest dimension
T1mi
Tumour ≤1 mm in greatest dimension
T1a
Tumour >1 mm but ≤5 mm in greatest dimension
T1b
Tumour >5 mm but ≤10 mm in greatest dimension
T1c
Tumour >10 mm but ≤20 mm in greatest dimension
T2
Tumour >20 mm but ≤50 mm in greatest dimension
T3
Tumour >50 mm in greatest dimension
T4
Tumour of any size with direct extension to the chest wall and/or to the skin (ulceration or skin nodules)e
T4a
Extension to the chest wall, not including only pectoralis muscle adherence/invasion
T4b
Ulceration and/or ipsilateral satellite nodules and/or oedema (including peau d’orange) of the skin, which do not meet the criteria for
inﬂammatory carcinoma
T4c
Both T4a and T4b
T4d
Inﬂammatory carcinomaf
Regional lymph nodes (N)
Clinical (cN)g, h, i, j, k
NX
Regional lymph nodes cannot be assessed (e.g. previously removed)
N0
No regional lymph node metastases
N1
Metastases to movable ipsilateral level I, II axillary lymph node(s)
N2
Metastases in ipsilateral level I, II axillary lymph nodes that are clinically ﬁxed or matted; or in clinically detectedk ipsilateral internal
mammary nodes in the absence of clinically evident axillary lymph node metastases
N2a
Metastases in ipsilateral level I, II axillary lymph nodes ﬁxed to one another (matted) or to other structures
N2b
Metastases only in clinically detectedk ipsilateral internal mammary nodes and in the absence of clinically evident level I, II axillary lymph
node metastases
N3
Metastases in ipsilateral infraclavicular (level III axillary) lymph node(s) with or without level I, II axillary lymph node involvement; or in
clinically detectedk ipsilateral internal mammary lymph node(s) with clinically evident level I, II axillary lymph node metastases; or
metastases in ipsilateral supraclavicular lymph node(s) with or without axillary or internal mammary lymph node involvement
N3a
Metastases in ipsilateral infraclavicular lymph node(s)
N3b
Metastases in ipsilateral internal mammary lymph node(s) and axillary lymph node(s)
N3c
Metastases in ipsilateral supraclavicular lymph node(s)
Regional lymph nodes (N)
Pathological (pN)h, i, j, k
pNX
Regional lymph nodes cannot be assessed (e.g. previously removed or not removed for pathological study)
pN0
No regional lymph node metastasis identiﬁed histologically
pN0(i–)
No regional lymph node metastases histologically, negative immunohistochemistry (IHC)
pN0(i+)
Malignant cells in regional lymph node(s) not >0.2 mm [detected by haematoxylin and eosin (H&E) staining or IHC including isolated
tumour cell clusters (ITCs)]
pN0(mol–) No regional lymph node metastases histologically, negative molecular ﬁndings (RT–PCR)l
pN0(mol+) Positive molecular ﬁndings (RT–PCR)l, but no regional lymph node metastases detected by histology or IHC
pN1
Micrometastases; or metastases in 1–3 axillary lymph nodes; and/or in internal mammary nodes with metastases detected by SLNB but not
clinically detectedm
pN1mi
Micrometastases (>0.2 mm and/or >200 cells, but none >2.0 mm)
pN1a
Metastases in 1–3 axillary lymph nodes, at least one metastasis >2.0 mm
pN1b
Metastases in internal mammary nodes with micrometastases or macrometastases detected by SLNB but not clinically detectedm
pN1c
Metastases in 1–3 axillary lymph nodes and in internal mammary lymph nodes with micrometastases or macrometastases detected by
SLNB but not clinically detectedm
pN2
Metastases in 4–9 axillary lymph nodes; or in clinically detectedk internal mammary lymph nodes in the absence of axillary lymph node
metastases
pN2a
Metastases in 4–9 axillary lymph nodes (at least one tumour deposit >2.0 mm)
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Table 3. Continued
Metastases in clinically detectedk internal mammary lymph nodes in the absence of axillary lymph node metastases
Metastases in ≥10 axillary lymph nodes; or in infraclavicular (level III axillary) lymph nodes; or in clinically detectedk ipsilateral internal
mammary lymph nodes in the presence of one or more positive level I, II axillary lymph nodes; or in more than three axillary lymph
nodes and in internal mammary lymph nodes with micrometastases or macrometastases detected by SLNB but not clinically detectedm;
or in ipsilateral supraclavicular lymph nodes
pN3a
Metastases in ≥10 axillary lymph nodes (at least one tumour deposit >2.0 mm); or metastases to the infraclavicular (level III axillary
lymph) nodes
pN3b
Metastases in clinically detectedk ipsilateral internal mammary lymph nodes in the presence of one or more positive axillary lymph nodes;
or in more than three axillary lymph nodes and in internal mammary lymph nodes with micrometastases or macrometastases detected
by SLNB but not clinically detectedm
pN3c
Metastases in ipsilateral supraclavicular lymph nodes
Distant metastasis (M)
M0
No clinical or radiographic evidence of distant metastases
cM0(i+)
No clinical or radiographic evidence of distant metastases, but deposits of molecularly or microscopically detected tumour cells in
circulating blood, bone marrow or other non-regional nodal tissue that are not >0.2 mm in a patient without symptoms or signs of
metastases
M1
Distant detectable metastases as determined by classic clinical and radiographic means and/or histologically proven >0.2 mm
pN2b
pN3

DCIS, ductal carcinoma in situ; LCIS, called lobular carcinoma in situ. Post-treatment ypT: The use of neoadjuvant therapy does not change the clinical
(pre-treatment) stage. Clinical (pre-treatment) T will be deﬁned by clinical and radiographic ﬁndings, while y pathological (post-treatment) T will be
determined by pathological size and extension. The ypT will be measured as the largest single focus of invasive tumour, with the modiﬁer ‘m’ indicating
multiple foci. The measurement of the largest tumour focus should not include areas of ﬁbrosis within the tumour bed.
b
The T classiﬁcation of the primary tumour is the same regardless of whether it is based on clinical or pathological criteria, or both. Designation should be
made with the subscript ‘c’ or ‘p’ modiﬁer to indicate whether the T classiﬁcation was determined by clinical (physical examination or radiological) or
pathological measurements, respectively. In general, pathological determination should take precedence over clinical determination of T size.
c
Size should be measured to the nearest millimetre.
d
Multiple simultaneous ipsilateral primary carcinomas are deﬁned as inﬁltrating carcinomas in the same breast, which are grossly or macroscopically distinct
and measurable. T stage is based only on the largest tumour. The presence and sizes of the smaller tumour(s) should be recorded using the ‘(m)’ modiﬁer.
e
Invasion of the dermis alone does not qualify as T4; dimpling of the skin, nipple retraction or any other skin change except those described under T4b and
T4d may occur in T1, T2 or T3 without changing the classiﬁcation. The chest wall includes ribs, intercostal muscles and serratus anterior muscle, but not the
pectoralis muscles.
f
Inﬂammatory carcinoma is a clinical–pathological entity characterised by diffuse erythema and oedema (peau d’orange) involving a third or more of the skin
of the breast. These skin changes are due to lymphoedema caused by tumour emboli within dermal lymphatics. Although dermal lymphatic involvement
supports the diagnosis of inﬂammatory breast cancer, it is neither necessary nor sufﬁcient, in the absence of classical clinical ﬁndings, for the diagnosis of
inﬂammatory breast cancer.
g
Classiﬁcation is based on axillary lymph node dissection with or without SLNB. Classiﬁcation based solely on SLNB without subsequent axillary lymph node
dissection is designated (sn) for ‘sentinel node’, e.g. pN0(sn).
h
Isolated tumour cell clusters (ITCs) are deﬁned as small clusters of cells not >0.2 mm, or single tumour cells, or a cluster of <200 cells in a single histological
cross-section. ITCs may be detected by routine histology or by immunohistochemical (IHC) methods. Nodes containing only ITCs are excluded from the total
positive node count for purposes of N classiﬁcation but should be included in the total number of nodes evaluated.
i
Post-treatment yp ‘N’ should be evaluated as for pre-treatment ‘N’. The modiﬁer ‘sn’ is used if a sentinel node evaluation was carried out. If no subscript is
attached, it is assumed that the axillary nodal evaluation was by axillary node dissection.
j
ypN categories are the same as those for pN.
k
Clinically detected is deﬁned as detected by imaging studies (excluding lymphoscintigraphy) or by clinical examination and having characteristics highly
suspicious for malignancy or a presumed pathological macrometastasis based on ﬁne needle aspiration biopsy with cytological examination. Conﬁrmation of
clinically detected metastatic disease by ﬁne needle aspiration without excision biopsy is designated with an (f) sufﬁx, e.g. cN3a(f). Excisional biopsy of a
lymph node or biopsy of a sentinel node, in the absence of assignment of a pT, is classiﬁed as a clinical N, e.g. cN1. Information regarding the conﬁrmation of
the nodal status will be designated in site-speciﬁc factors as clinical, ﬁne needle aspiration, core biopsy or sentinel lymph node biopsy. Pathological
classiﬁcation (pN) is used for excision or SLNB only in conjunction with a pathological T assignment.
l
RT–PCR: reverse transcription–polymerase chain reaction.
m
‘Not clinically detected’ is deﬁned as not detected by imaging studies (excluding lymphoscintigraphy) or not detected by clinical examination.
From [112]. Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this material is the AJCC
Cancer Staging Handbook, Seventh Edition (2010) published by Springer Science and Business Media LLC, www.springer.com.

institutions/departments caring for a high volume of breast
cancer patients and provided by multidisciplinary teams,
including at least a surgeon, radiation oncologist, medical
oncologist, radiologist and pathologist specialised in breast
cancer [III, B] [28, 29]. Depending on the local situation and
availability, other members of the breast team may include
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plastic surgeons, psychologists, physiotherapists, geneticists and
specialised breast nurses. Following a diagnosis of breast cancer,
a woman ﬁnds herself in a new and unfamiliar landscape. This
creates different levels of stress that vary from patient to patient,
and need to be addressed individually and tailored to every
woman’s needs. Most women will remember the information
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Table 4. Stage grouping system for carcinoma of the breast [27]

N0

M0

N0

M0

N1mi
N1mi

M0
M0

N1c
N1c
N0

M0
M0
M0

N1
N0

M0
M0

N2
N2
N2
N1
N2

M0
M0
M0
M0
M0

N0
N1
N2

M0
M0
M0

N3

M0

Any N

M1

well as on the age and general health status of the patient and
personal preferences. Age should be taken into consideration in
conjunction with other factors and should not be the
determinant reason for withholding or recommending a
treatment; age is a continuous variable and its cut-offs in clinical
trials are always arbitrarily chosen. Overall, we strongly
recommend that ‘younger’ patients are not overtreated and that
‘older’ patients are not undertreated because of age alone.
Patients should be actively involved in all management
decisions. The possibility of hereditary cancer should be
explored and, if needed, prophylactic procedures discussed
following appropriate genetic counselling and testing of the
patient [IV, D] [30]. In younger premenopausal patients,
possible fertility issues should be discussed and guidance about
fertility-preservation techniques provided before initiation of
treatment [31, 32].

local treatment
surgery
Arguably the major change in the surgical treatment of primary
breast cancer has been the shift towards breast conservation
treatment, which started >30 years ago. Currently, in Western
Europe ∼60%–80% of newly diagnosed cancers are amenable to
breast conservation [wide local excision and radiation therapy
(RT)], but in some patients mastectomy is still carried out
because of tumour size (relative to breast size), tumour
multicentricity, inability to achieve negative surgical margins
after multiple resections, prior radiation to the chest wall or
breast and other contraindications to RT, or patient choice [33].

a

Anatomic stage: M0 includes M0(i+). The designation pM0 is not valid; any
M0 should be clinical. If a patient presents with M1 before neoadjuvant
systemic therapy, the stage is considered Stage IV and remains Stage IV
regardless of response to neoadjuvant therapy. Stage designation may be
changed if postsurgical imaging studies reveal the presence of distant
metastases, provided that the studies are carried out within 4 months of
diagnosis in the absence of disease progression and provided that the patient
has not received neoadjuvant therapy. Post-neoadjuvant assessment is
designated with a ‘yc’ or ‘yp’ preﬁx. Of note, no stage group is assigned if
there is a complete pathological response (pCR) to neoadjuvant therapy, e.g.
ypT0ypN0cM0.
b
T1 includes T1mi.
c
T0 and T1 tumours with nodal micrometastases only are excluded from
Stage IIA and are classiﬁed Stage IB.
From [112]. Used with the permission of the American Joint Committee on
Cancer (AJCC), Chicago, Illinois. The original source for this material is the
AJCC Cancer Staging Handbook, Seventh Edition (2010) published by
Springer Science and Business Media LLC, www.springer.com.

provided to them in a fragmented way. They will need space and
time to process and comprehend their diagnosis, so that they
can cope better psychologically with the diagnosis and
treatment plan. To accommodate for that, information on
diagnosis and treatment choice should also be provided in
written form.
The choice of treatment strategy is based on the tumour
extent/location (size and location of primary tumour, number
of lesions, number and extent of lymph node involvement) and
biology ( pathology including biomarkers, gene expression) as
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breast-conservation surgery (BCS). For patients undergoing
wide local excision, greater emphasis is now placed on achieving
acceptable cosmesis, and breast surgeons are trained to
undertake oncoplastic approaches to reduce the local volume
deﬁcit with adjacent tissue displacement ﬂaps. Oncoplastic
procedures can achieve better cosmetic outcomes, especially in
patients with large breasts, with a less favourable tumour/breast
size ratio or with a cosmetically difﬁcult (central or inferior)
location of the tumour in the breast. A careful histological
assessment of resection margins is essential, with no tumour at
the inked margin required and a minimum 1 mm margin
preferred for the invasive component and >2 mm of normal
tissue required for in situ disease [34]. Marking the tumour bed
with clips facilitates accurate planning of the radiation boost
ﬁeld, where appropriate. Acceptably low local recurrence rates
remain the major quality assurance target. Current guidelines
recommend that local recurrence rates after wide excision and
RT should be <1% per year (with a target of <0.5%), and should
not exceed 10% overall.
mastectomy. European treatment guidelines recommend that
breast reconstruction should be available to those women
requiring mastectomy [29]. Immediate reconstruction in some
women can make the prospect of losing a breast easier to accept,
but not all women will be suitable for immediate reconstruction.
Some women may decline or defer reconstruction because of
personal preference. Some women will be advised against
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advances in axillary staging. Regional lymph node status
remains one of the strongest predictors of long-term prognosis
in primary breast cancer. Axillary clearance is associated with
lymphoedema affecting the upper limb in 3%–5% of women
following surgery alone (similar to the incidence following
axillary RT without surgical clearance), but the incidence of
lymphoedema rises signiﬁcantly to ∼40% when axillary
clearance is combined with RT to the axilla. SLNB rather than
full nodal clearance is now accepted as the standard of care for
axillary staging in early breast cancer [II, A], unless axillary node
involvement is proven on ultrasound-guided biopsy. With
appropriate training in the dual radiocolloid/blue dye or
indocyanine green ﬂuorescence technique, acceptably low falsenegative rates and favourable axillary recurrence rates following
SLNB are achievable [37]. SLNB delivers less morbidity in terms
of shoulder stiffness and arm swelling and allows for a reduced
hospital stay [I, A]. Training and quality assurance in SLNB have
been rolled out to breast units across Europe in the last 10 years.
There is no consensus for the pathologic assessment of SLNB.
The signiﬁcance of occult micrometastases in terms of surgical
management and patient outcome appears to be negligible [38].
Thus, routine IHC or PCR is not recommended for the
evaluation of sentinel lymph nodes in guidelines published by
the American Society of Clinical Oncology, the National
Comprehensive Cancer Network and others [39], and is also
not recommended by the authors of this manuscript.
The optimal management of micrometastatic spread and
isolated tumour cells is the subject of ongoing research. Based
on the results of the IBCSG 23–01 trial, further axillary
treatment does not seem to be required when a sentinel node
has micrometastasis (0.2–2 mm) [40]. The presence of
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macrometastatic spread in the sentinel node traditionally
mandated conventional axillary lymph node clearance. Recent
results of a randomised controlled trial (6.3 years of median
follow-up) for patients with clinical T1–T2 cN0 invasive breast
cancer and 1 to 2 sentinel lymph nodes containing metastases,
treated with BCS and tangential adjuvant RT reported noninferior rates of overall survival (OS), disease-free survival
(DFS) and locoregional recurrence-free survival [41]. Thus,
patients with isolated tumour cells (<0.2 mm) in the sentinel
node and patients with limited involvement of the sentinel
lymph node undergoing tangential breast irradiation may not
need to have any further axillary procedure [II, B]. However,
these results need to be conﬁrmed and cannot be extended to
patients with different characteristics than those of the trial’s
patient population.
surgery for in situ malignancy (intraepithelial neoplasia). DCIS
may be treated with total mastectomy or BCT, provided clear
resection margins can be achieved. There is no general
consensus on what is considered an adequate margin; however,
circumferential margins <2 mm are considered inadequate [34].
Axillary node evaluation with SLNB is not required with in situ
malignancy but may be reasonable in the context of large and/or
high grade tumours, especially when they require mastectomy
(in case an incidental invasive cancer is subsequently identiﬁed
in the surgical specimen). Lobular neoplasia (formerly called
LCIS), unlike DCIS, is considered a non-obligate precursor to
invasive cancer and is best regarded as a risk factor for future
development of invasive cancer in both breasts [relative risk
(RR) 5.4–12] and thus does not require active treatment. The
pleomorphic variant of lobular neoplasia may behave similarly
to DCIS and should be treated accordingly.
risk-reducing mastectomy. Risk-reducing surgery with
prophylactic bilateral mastectomy and reconstruction may be
offered to women at very high risk, such as those with previous
chest wall irradiation for lymphoma or carrying the BRCA1 or
BRCA2 gene mutations. The lifetime risk of breast cancer in a
BRCA1 carrier is 80%–85%, with a 10-year actuarial risk of
contralateral breast cancer ranging from 25% to 31% [42]. With
bilateral mastectomy, the risk for both subsequent breast cancer
incidence and mortality is reduced by ∼90%–95% [III, A].
Careful genetic assessment and psychological counselling are
mandatory before undertaking such surgery.
Despite the overall trend towards breast conservation,
increasing numbers of breast cancer patients are opting for
bilateral mastectomy (incorporating contralateral risk-reducing
surgery) in preference to breast conservation and
mammographic surveillance of the irradiated breast. These
patients should be counselled properly and should be informed
of the ﬁnding that patients with early-stage breast cancer might
have an even better outcome after BCT compared with after
mastectomy [43].
surgery after primary systemic therapy. Primary systemic
therapy should be followed by surgery according to the
principles outlined above. Downsizing of a large unifocal
primary tumour with neoadjuvant therapy will allow BCS to be
undertaken in some patients who, at presentation, would have
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immediate reconstruction for oncological reasons, particularly
in case of inﬂammatory breast cancer. The autologous tissuebased techniques appear to tolerate postoperative RT well, but
implant-based reconstruction may result in an unfavourable
aesthetic outcome following postoperative RT [35, 36]. Skinsparing mastectomy allows the skin envelope to be conserved
for use in the breast reconstruction; if post-mastectomy
radiotherapy (PMRT) is indicated, at least a temporary implant
should be positioned before RT.
For women undergoing breast reconstruction, whether
immediate or delayed, a wide range of surgical options are
available. The best technique for each patient should be
discussed individually and should take into account several
anatomic, treatment and patient preference factors. Silicone gel
implants are safe and acceptable components of the
reconstructive armamentarium [III, A]. Advances in gel crosslinking have reduced silicone bleed, and cohesive gel implants
are likely to have fewer problems relating to capsular rupture.
Autologous tissue ﬂaps using the latissimus dorsi muscle
from the back, transverse rectus abdominis muscle, the free
deep inferior epigastric perforator ﬂap from the lower abdomen,
superior gluteal artery-based perforator ﬂap or free gracilisbased ﬂap can replace relatively large volumes of breast tissue.
There is no evidence that reconstruction makes detection of
local recurrence more difﬁcult, and no basis for the outdated
view that patients should wait 1 to 2 years after mastectomy
before being offered reconstruction.
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otherwise required mastectomy. With multifocal disease, or
where the primary tumour size reduction is more limited,
mastectomy will still be required. Breast MRI is the most
accurate modality for assessing the extent of residual disease
following neoadjuvant treatment. When a breast-conserving
procedure is anticipated, it is necessary to mark the primary site
(using a marker clip or carbon localisation, under ultrasound
guidance) to facilitate accurate surgery.

radiation therapy
invasive carcinoma

accelerated partial breast irradiation only: Accelerated partial
breast irradiation (APBI) is an attractive approach to shorten
the overall treatment time substantially. The rationale for APBI
is that the majority of local failures occur in the index quadrant,
and some of so-called ‘elsewhere’ in-breast failures often
represent a new primary tumour. Several randomised trials
utilising various irradiation techniques are ongoing or have
been published. An intraoperative single RT fraction yielded
acceptable but increased local recurrence and fewer side-effects,
but the follow-up is too short to give a general recommendation
for APBI [46]. Nevertheless, APBI might be considered an
acceptable treatment option in patients at least 50 years old with
unicentric, unifocal, node-negative, non-lobular breast cancer
up to 3 cm in size without the presence of an extensive
intraductal component or lymphovascular invasion, and with
negative margins of at least 2 mm [III, C] [47].
radiation after mastectomy: PMRT in node-positive patients
reduces the local recurrence risk fourfold, which translates into
5% reduction in 15-year breast cancer mortality [48]. It is always
recommended for patients with positive deep margins and four
or more positive axillary nodes [I, A], and is indicated for
patients with T3–T4 tumours independent of the nodal status
[II, B]. The evidence supporting the use of PMRT for patients
with one to three positive axillary lymph nodes is at least as
strong as for patients with more involved lymph nodes, however
less accepted [20, 49]. It should, however, be considered,
especially in the presence of additional risk factors such as
young age, vascular invasion and a low number of examined
axillary lymph nodes. The value of PMRT in such patients is
being investigated in clinical trials.
regional irradiation: Most older randomised trials have used
large comprehensive locoregional RT encompassing the chest
wall and all regional lymph nodes. Therefore, although clinically
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apparent lymph node relapses (especially axillary and internal
mammary) are rare, until the results from the recent trials
evaluating regional RT within the framework of BCT become
available, regional RT remains indicated for patients with
involved lymph nodes [I, B]. After axillary lymph node
dissection, the resected part of the axilla should not be
irradiated, except in cases of residual disease after surgery.
RT doses and fractionation: Doses used for local and/or
regional adjuvant irradiation have traditionally been 45–50 Gy
in 25–28 fractions of 1.8–2.0 Gy with a typical boost dose of 10–
16 Gy in 2 Gy single doses. Shorter fractionation schemes (e.g.
15–16 fractions with 2.5–2.67 Gy single dose) have shown
similar effectiveness and comparable side-effects [I, A] [50–52].
Strictly speaking, these data are not fully validated in young
patients and in patients with mastectomy and/or additional
regional irradiation, as these patients were either not included or
underrepresented in the relevant trials. As hypofractionation in
many places is being introduced for all patient subgroups, and
in the unlikelihood of prospective, randomised trials that will
test this, we advise to carefully monitor, evaluate and compare
outcomes in those patients. Further hypofractionation (to ﬁve
fractions) is currently the subject of trials.
patients with unresectable disease: Most patients who present
with unresectable non-metastatic disease will ﬁrst be treated
with primary systemic therapy. If rendered resectable, this
should be followed by surgery and RT according to the
principles outlined for locoregionally advanced disease.
If disease remains unresectable, RT should be considered to
treat all sites of the original tumour extension with a boost to
residual disease. Most durable remissions can be expected with
high doses up to an equivalent of 50 Gy and a boost up to 60–
76 Gy, depending on the dose to the organs at risk. Regular
evaluation during the course of RT is advised to select patients
that might become amenable for resection after 45–50 Gy with a
higher dose (boost) spared for the postoperative situation based
on the pathology ﬁndings.
Interesting but early reports are published on combined
radiation and chemotherapy which should be further evaluated
in prospective trials.
It is advisable that patients are seen by the radiation oncologist
preceding initiation of primary systemic therapy including, if
judged relevant, a CT scan in the treatment position for later
image co-registration to improve localisation of the target volumes
(e.g. enlarged lymph nodes that might not be resectable).

non-invasive carcinoma (intraepithelial neoplasia)
WBRT after BCS for DCIS decreases the risk of local recurrence,
with survival equal to that after mastectomy [I, A] [53]. The
decrease in the risk of local recurrence by RT is evident in all
subtypes of DCIS. However, in some patients with low-risk
DCIS (tumour size <10 mm, low/intermediate nuclear grade,
adequate surgical margins), the risk of local recurrence
following excision only is so low that omitting radiation may be
an option, although the annual recurrence rate amounts to >1%
[IV, C]. Randomised data on additional dose to the tumour bed
(boost) are lacking, but a boost can be considered for patients at
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RT after BCS
whole breast radiation therapy: Postoperative RT is strongly
recommended after BCS [I, A] [34]. Whole breast radiation
therapy (WBRT) alone reduces the risk of local recurrence by
two-thirds (for low-risk patients—to below 0.5% per year).
Furthermore, RT has a beneﬁcial effect on survival [44]. Boost
irradiation gives a further 50% risk reduction and is indicated
for patients with unfavourable risk factors for local control
including age <50, grade 3 tumours, vascular invasion and
(focally—otherwise further surgery should be advocated) nonradical tumour excision [I, A] [45].
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higher risk for local failure [III, B]. APBI should only be carried
out within a clinical trial. Total mastectomy with clear margins
in DCIS is curative, and RT is not recommended. Lobular
neoplasia is a risk factor for future development of invasive
cancer in both breasts; RT is not warranted, perhaps with an
exception for the pleomorphic subtype.

adjuvant systemic treatment

Table 5. Systemic treatment recommendations for early breast cancer subtypes
Subtype

Recommended therapy

Comments

Luminal A-like

ET alone in the majority of
cases.

Consider CT if

Luminal B-like (HER2negative)
Luminal B-like (HER2positive)
HER2-positive (nonluminal)
Triple-negative (ductal)

ET + CT for the majority of
cases
CT + anti-HER2 + ET for all
patients
CT + anti-HER2

(i) high tumour burden (four or more positive LN, T3 or higher)
(ii) grade 3

If contraindications for the use of CT, one may consider ET + anti-HER2 therapy,although no
randomised data exist.

CT

For special histological types, we recommend following the St Gallen 2013 recommendations [20] that propose ET for endocrine responsive histologies
(cribriform, tubular and mucinous) and CT for endocrine nonresponsive (apocrine, medullary, adenoid cystic and metaplastic).
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The decision on systemic adjuvant treatment should be based
on (i) predicted sensitivity to particular treatment methods and
beneﬁt from their use and (ii) individual risk of relapse. Final
decision should also incorporate the predicted treatment
sequelae, the patient’s biological age, general health status,
comorbidities and preferences. The treatment should start
preferably within 2–6 weeks after surgery; data show an
important decrease in systemic therapy efﬁcacy when
administered more than 12 weeks after surgery [54].
The most recent publication of the Early Breast Cancer
Trialists’ Collaborative Group (EBCTCG) Overview states that
the relative beneﬁt of chemotherapy is similar in all the
subgroups independent of age, stage, histopathological grade
and ER status [55]. This seems to be in contradiction with the
results from individual trials, both in the adjuvant and in
neoadjuvant settings, as well as knowledge of breast cancer
biology. One also needs to take into account that many trials
included in the EBCTCG Overview have incomplete data on ER
expression, in particular quantitative immunohistochemistry;
furthermore, these trials have included patients with generally
higher risk of recurrence than those seen today and often used
suboptimal ETs (by current standards). However, these views
can be conciliated when acknowledging that, even if the relative
beneﬁt would be similar, the absolute beneﬁt derived from
adjuvant chemotherapy varies substantially with the risk of the
individual patient that is determined by the biology and the
burden of the disease (e.g. the absolute beneﬁt of adjuvant
chemotherapy for a low burden luminal-A-like breast cancer is
extremely small and needs to be balanced against the known
short- and long-term side-effects).
According to the 2011 and 2013 St Gallen guidelines, the
decision on systemic adjuvant therapies should be based on the
surrogate intrinsic phenotype determined by ER/PgR, HER2

and Ki67 assessment (Tables 2 and 5) with the selective help of
ﬁrst-generation genomic tests when available (such as
MammaPrint® or Oncotype DX®) for luminal cases with unclear
chemotherapy indications [20, 56]. It must be stressed that
IHC/ﬂuorescence in situ hybridisation determination of
intrinsic phenotype is not fully accurate and that the
prerequisite for using such a surrogate assessment is the use
of standardised assays and a meticulous quality control.
All luminal cancers should be treated with ET. Most luminal
A tumours, except those with highest risk of relapse (extensive
nodal involvement), require no chemotherapy [II, A], whereas
luminal B HER2-negative cancers constitute a population of the
highest uncertainty regarding chemotherapy indications [I, C].
Indications for chemotherapy within this subtype depend on
the individual risk of relapse, taking into account the tumour
extent and features suggestive of its aggressiveness (grade,
proliferation, vascular invasion), presumed responsiveness to
ET and patient preferences. Features associated with lower
endocrine responsiveness include low steroid receptor
expression, lack of PgR expression, high tumour grade and high
expression of proliferation markers. Several decision-making
tools such as Adjuvant! Online, PREDICT and the Nottingham
Prognostic Index exist to help in predicting recurrence risks and
beneﬁts from particular treatments [23–25]. Urokinase
plasminogen activator–plasminogen activator inhibitor 1 (uPAPAI1) tumour markers have level I evidence as prognostic
factors and can be used to aid treatment decision-making in
early breast cancer [I, A] [57]. In case of uncertainty regarding
indications for adjuvant chemotherapy (after consideration of
other tests), gene expression assays, such as MammaPrint® or
Oncotype DX®, may be used where available to determine the
individual recurrence risk and predict the beneﬁt from
chemotherapy [IV, A] [20, 58–61]. Luminal B HER2(+)
tumours are treated with chemotherapy, ET and trastuzumab [I,
A]; no randomised data exist to support omission of
chemotherapy in this group; however, in cases of
contraindications for chemotherapy or patient refusal, it is
acceptable to offer the combination of targeted agents (ET and
trastuzumab) [V, A]. Triple-negative tumours beneﬁt from
adjuvant chemotherapy, with the possible exception of low-risk
‘special histological subtypes’ such as medullary or adenoid
cystic carcinomas [I, A]. HER2 (non-luminal) cancers, apart
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from selected cases with very low risk, such as T1aN0, are
treated with chemotherapy plus trastuzumab [I, A].
In general, chemotherapy should not be used concomitantly
with ET [II, D] [62]. Trastuzumab may routinely be combined
with non-anthracycline-based chemotherapy and ET [I, A];
concomitant use with anthracyclines is not routinely
recommended outside of clinical trials, although may be
considered in selected patients treated in experienced centres. For
most patients, the use of a sequential anthracycline-based followed
by taxane-trastuzumab- based regimen is the preferred choice. RT
may be delivered safely during trastuzumab, ET and nonanthracycline-based chemotherapy [III, B]. If chemotherapy and
RT are to be used separately, chemotherapy usually precedes RT.

endocrine therapy

premenopausal patients. Tamoxifen 20 mg/day for 5–10 years
is a standard [I, A]. In patients becoming postmenopausal
during the ﬁrst 5 years of tamoxifen, a switch to letrozole, an
aromatase inhibitor (AI), seems to be particularly beneﬁcial
[65]. The value of addition of ovarian suppression [by
gonadotropin-releasing hormone (GnRH) agonists or ovarian
ablation] is not well-deﬁned, in particular in chemotherapytreated patients, who frequently develop ovarian failure as a
consequence of cytotoxic treatment [II, B] [66, 67].
Combination of ovarian ablation and tamoxifen in ER-positive
patients is at least as effective as cyclophosphamide/
methotrexate/ﬂuorouracil (CMF)-type chemotherapy and may
be used as an alternative [II, A] [66, 68]. The optimal duration of
ovarian suppression is not known, although it is usually
administered for 2–5 years [V, B]. Combining ovarian
suppression and AI demonstrated no beneﬁt compared with
combination with tamoxifen in the ABCSG-12 trial, and cannot
be recommended outside clinical trials [II, C] [69]. For patients
with contraindications to the use of tamoxifen, a GnRH agonist
alone or in combination with an AI can be used. The role of
GnRH agonists in preventing chemotherapy-related ovarian
failure is not well-established and contradictory data exist [II, C].
postmenopausal patients. AIs (both non-steroidal and
steroidal) and tamoxifen are valid options. AIs allow for
prolongation of the DFS, with no signiﬁcant impact on OS (1%–
2%, depending if upfront or sequential strategy) [I, B] [70–73].
They can be used upfront (non-steroidal AI and exemestane),
after 2 to 3 years of tamoxifen (non-steroidal AI and
exemestane) or as extended adjuvant, after 5 years of tamoxifen
(letrozole and anastrozole) [74, 75]. There is no proven beneﬁt
for the routine use of AIs for >5 years. In view of the recently
published ATLAS study demonstrating an advantage of 10
rather than 5 years of tamoxifen, extended adjuvant should be
discussed with all patients, except the ones with very low risk,
although the optimal duration and regimen of adjuvant ET is
currently unknown [I, C] [76].
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The use of tamoxifen is associated with increased risk of
thromboembolic complications and endometrial hyperplasia
(including endometrial cancer). Caution should be exercised in
patients with conditions predisposing to these sequelae and
appropriate diagnostic tests carried out in those presenting with
symptoms suggestive of these complications. Although there are
no unequivocal data on their detrimental effects, patients on
tamoxifen should be advised to avoid the use of strong and
moderate CYP2D6 inhibitors or, if such drugs cannot be
replaced, a switch to alternative treatment, i.e. AIs, should be
considered [IV, B] [77, 78]. Patients undergoing ovarian
suppression and AI users are at increased risk of bone loss and
should be advised to assure adequate calcium plus vitamin D3
supply and to assess periodically the bone mineral density [by
dual energy X-ray absorption (DEXA) scan] [I, A].

chemotherapy
Chemotherapy is recommended in the vast majority of triplenegative, HER2-positive breast cancers and in high-risk luminal
HER2-negative tumours [I, A]. The beneﬁt from chemotherapy
is more pronounced in ER-negative tumours [79, 80]. In ERpositive tumours, chemotherapy at least partially exerts its effect
by induction of ovarian failure [63, 81]. Most frequently used
regimens contain anthracyclines and/or taxanes, although in
selected patients CMF may still be used. Four cycles of AC
(doxorubicin, cyclophosphamide) are considered equal to six
cycles of CMF, whereas six cycles of three-drug anthracyclinebased regimens are superior [I, A] [55]. Data on topoisomerase
IIα as a predictive factor for anthracycline-based chemotherapy
have not been conﬁrmed in prospective studies. A largemetaanalysis suggested that although it may have a small clinical
beneﬁt, it is not recommended for clinical practice [82]. Thus, a
routine use of this biomarker is not currently advised [I, C].
The addition of taxanes improves the efﬁcacy of
chemotherapy, independently of age, nodal status, tumour size
or grade, steroid receptor expression or tamoxifen use, but at the
cost of increased non-cardiotoxicity [I, A] [55, 83]. Sequential
rather than the concomitant use of anthracyclines and taxanes is
superior [I, B] [84]. Overall, chemotherapy regimens based on
anthracyclines and taxanes reduce breast cancer mortality by
about one-third [55, 64]. Non-anthracycline, taxane-based
regimens (such as four cycles of TC) may in selected patients
(such as those at risk of cardiac complications) be used as an
alternative to four cycles of anthracycline-based chemotherapy
[I, A] [85]. Chemotherapy is usually administered for 12–24
weeks (four to eight cycles), depending on the individual
recurrence risk and the selected regimen. The use of dose-dense
schedules [with granulocyte colony-stimulating factor (G-CSF)
support] should be considered, in particular in highly
proliferative tumours [I, B] [86]. High-dose chemotherapy with
stem cell support is not recommended [I, E].

HER2-directed therapy
Trastuzumab combined with chemotherapy in patients with
HER2 overexpression/ampliﬁcation approximately halves the
recurrence risk, compared with chemotherapy alone; this
translates into ∼10% absolute improvement in 3-year DFS and
3% increase in 3-year OS [I, A] [87–89]. Trastuzumab is
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ET is indicated in all patients with detectable ER expression,
deﬁned as ≥1% of invasive cancer cells, irrespective of
chemotherapy and/or targeted therapy [I, A] [63, 64]. The
choice of medication is primarily determined by patient’s
menopausal status. Other factors include (minor) differences in
efﬁcacy and side effect proﬁle.
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bisphosphonates
Some data suggest a beneﬁcial anticancer effect of
bisphosphonates, especially when used in a low-estrogen
environment (women undergoing ovarian suppression or
postmenopausal), although study results are equivocal and such
a treatment cannot be routinely recommended in women with
normal bone mineral density [I, C] [69, 97]. In patients with
treatment-related bone loss, bisphosphonates decrease the risk
of skeletal complications [I, A] [98, 99].

treatment of elderly patients
Limited data on elderly patients from randomised studies do
not allow strong recommendations to be made regarding the use
of adjuvant systemic therapies in this population. In general,
treatment decisions should be based on biological rather than
formal age, and ‘ﬁt’ elderly patients should get treatments
identical to their younger counterparts. Full doses of drugs
should be used, whenever feasible [V, A]. In patients suitable
for standard chemotherapy, single-agent capecitabine was
demonstrated to be inferior to the standard multidrug
regimen (AC or CMF) and therefore, a standard multidrug
regimen should be used [II, D] [100]. In elderly patients,
single-agent pegylated liposomal doxorubicin and
metronomic cyclophosphamide plus methotrexate are feasible
and demonstrate similar activity, although their efﬁcacy
in comparison to standard chemotherapy remains unknown
[II, B] [101].
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systemic adjuvant therapy for DCIS
In patients treated conservatively for ER-positive DCIS,
tamoxifen decreases the risk of both invasive and non-invasive
recurrences and reduces the incidence of second primary
(contralateral) breast cancer, without effect on OS [I, B] [102].
Following mastectomy, tamoxifen may also be considered to
decrease the risk of contralateral breast cancer [II, B]. AIs are
being investigated for the adjuvant therapy of DCIS but should
not be used in routine care.

primary (neoadjuvant) systemic therapy
In locally advanced and large ‘operable’ cancers, in particular
when mastectomy is required due to tumour size, primary
systemic therapy (used before local treatment) may allow for
achieving operability or decreasing the extent of surgery [I, A].
In operable cases, the timing of treatment ( pre- versus
postoperative) has no effect on long-term outcomes [II, C]
[83, 103]. All modalities (chemotherapy, ET and targeted
therapy) used in adjuvant treatment may also be used
preoperatively. If chemotherapy is used, it is recommended to
deliver all planned treatment without unnecessary breaks, i.e.
without dividing it into preoperative and postoperative periods,
irrespective of the magnitude of tumour response [V, B]. This
will increase the probability of achieving a pCR, which is a
proven factor for good prognosis. For the same reason, in
HER2-positive breast cancer, trastuzumab therapy should be
started in the neoadjuvant setting in association with the taxane
part of the chemotherapy regimen, thus increasing the
probability of achieving a pCR. The chemotherapy regimens to
be used in the neoadjuvant setting are the same ones used in the
adjuvant setting. Unfortunately, there are no validated
predictive markers to allow the tailoring of the regimen to the
individual patient. It is therefore recommended that a sequential
regimen of anthracyclines and taxanes is used [I, B].
ER-positive, HER2-negative carcinomas, especially of the
lobular subtype, are generally less responsive to primary
chemotherapy than ER-negative and HER2-positive tumours
and may beneﬁt more from primary ET [104]. ET is usually
given for 4–6 months before surgery and continued
postoperatively; for post-menopausal patients, AIs are more
effective than tamoxifen in decreasing the tumour size and
facilitating less extensive surgery [I, A] [105–107].

personalised medicine
Breast cancer is the pioneer of personalised medicine in
oncology. ER and/or PgR and HER2 status have been used for
many years as predictive factors to select patients for targeted
ET or anti-HER2 treatment. In recent years, surrogate intrinsic
tumour phenotypes, based on biomarker expression, have also
been used for treatment individualisation. Additionally, uPAPAI1, a marker of tumour invasiveness, has been validated in
prospective clinical trials as a prognostic marker for both nodenegative and node-positive breast cancer [I, A] [57] and can be
used in treatment decision-making for early breast cancer.
Molecular signatures for ER-positive breast cancer such
Oncotype DX®, EndoPredict®, Breast Cancer Index™ or for all
types of breast cancer ( pN0-1) such as MammaPrint® and
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approved in patients with node-positive disease and in N0
patients with tumours >1 cm, although—due to relatively high
failure risk even in patients with N0 tumours <1 cm—it should
also be considered in this patient group, in particular in ERnegative disease [IV, B] [90]. In most studies, trastuzumab was
administered for 1 year, although in the FinHER trial a similar
improvement was obtained with only 9 weeks of treatment
[II, A] [91]. No additional beneﬁt was demonstrated for 2-year
trastuzumab administration [92] in the HERA trial. The
PHARE trial compared 6 and 12 months of trastuzumab: the
non-inferiority of 6 months of trastuzumab could not be
demonstrated, and hence 1 year duration should remain the
standard [93]. Trastuzumab is usually well-tolerated, although
(usually reversible) cardiac dysfunction may occur and selection
of patients based on the baseline cardiac function (expressed by
the left ventricular ejection fraction) and periodic monitoring
during treatment are necessary.
Due to its cardiotoxicity, trastuzumab should not be routinely
administered concomitantly with anthracyclines [I, B].
Combination with taxanes is safe and has been demonstrated to
be more effective than sequential treatment [I, A] [88].
Trastuzumab may also be safely combined with RT and ET.
In the neoadjuvant setting, dual anti-HER2 blockade
associated with chemotherapy (trastuzumab + lapatinib,
trastuzumab + pertuzumab) has led to improvements in the
pCR rate when compared with chemotherapy associated with
one anti-HER2 agent; however, long-term outcomes are not
known and such a treatment cannot be recommended outside
of clinical trials [94–96].
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Table 6. Summary of biomarkers used in treatment decision-making
Biomarker

Prognostic

Predictive

Technical
validation

Clinical validation

Test and scoring
recommendations

Patient selection

ER
PgR

++
+++

+++
+

YES LOE Ib
YES LOE Ib

YES
NO

IHC
IHC

HER2
Ki67
Intrinsic subtypes

++
++
++

+++
+
++

YES LOE Ib
NO
YES

YES
NO
YES

First generation
signatures
(MammaPrint,
Oncotype Dx)
Second generation
signatures

+++

+

YES

Validated retrospectively,
prospective validation
ongoing

IHC ≥10% cell +
IHC no consensus
Gene expression proﬁle
(not for IHC
surrogates)
Gene expression proﬁle,
RT-pCR

Hormonal treatment
If negative, chemotherapy in
some cases
Anti-HER2 treatment
Chemotherapy if elevated
Different responses to
neoadjuvant chemotherapy
according to the subtype
Chemotherapy if high risk or
high score

+

+

NO

NO

Gene expression proﬁle

None yet

follow-up and long-term implications
The aims of follow-up are to detect early local recurrences or
contralateral breast cancer, to evaluate and treat therapy-related
complications (such as menopausal symptoms, osteoporosis
and second cancers), to motivate patients continuing ET and to
provide psychological support and information in order to
enable a return to normal life after breast cancer.
Ten-year survival of breast cancer exceeds 70% in most
European regions, with 89% survival for local and 62% for
regional disease [108]. The annual hazard of recurrence peaks in
the second year after diagnosis but remains at 2%–5% in years
5–20; patients with node-positive disease tend to have higher
annual hazards of recurrence than patients with node-negative
cancers. In the ﬁrst years the risk of recurrence is higher in
patients with ER-negative cancers, but after ∼5–8 years after
diagnosis, the annual hazards of recurrence drop below the level
of ER-positive tumours [III, B] [109]. Relapses of breast cancer
may occur as late as >20 years after the initial diagnosis,
particularly in patients with ER/PgR-positive disease.
Despite the fact that no randomised data exist to support any
particular follow-up sequence or protocol, balancing patient
needs and follow-up costs, we recommend regular visits every 3
to 4 months in the ﬁrst 2 years, every 6 months from years 3–5
and annually thereafter [V, A]. Every visit should include
thorough history taking, eliciting of symptoms and physical
examination. Ipsilateral (after BCS) and contralateral
mammography is recommended every 1 to 2 years [II, A]. An
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MRI of the breast may be indicated for young patients,
especially in the case of dense breast tissue and genetic or
familial predispositions [III, B]. In asymptomatic patients, there
are no data to indicate that other laboratory or imaging tests (e.
g. blood counts, routine chemistry tests, chest X-rays, bone
scans, liver ultrasound exams, CT scans or any tumour markers
such as CA15-3 or CEA) produce a survival beneﬁt [I, A].
However, routine blood tests are usually indicated to follow-up
patients on ET due to the potential side-effects of these drugs
namely in the lipid proﬁle [V, A]. For patients on tamoxifen an
annual gynaecological examination by an experienced
gynaecologist is recommended [V, A]. For patients on AIs,
regular bone density evaluation is recommended [I, A]. Very
importantly, most available data for follow-up
recommendations come from an era of less sophisticated
diagnostic procedures and less efﬁcacious treatment for
advanced disease, and new trials are urgently needed to reassess
this question nowadays. In symptomatic patients or in the case
of abnormal ﬁndings on examination, appropriate tests should
be carried out immediately.
In addition to adequate local and systemic treatments,
epidemiological evidence points towards lifestyle factors affecting
the prognosis of patients with breast cancer: regular exercise
provides functional and psychological beneﬁts [II, B], possibly
reduces the risk of recurrence and should be recommended to all
suitable patients after treatment for breast cancer [II, B] [110].
Weight gain and obesity are likely to adversely affect the
prognosis of breast cancer [111]; nutritional counselling should
be recommended as part of survivor care for all obese patients
[III, B]. The use of hormone replacement therapy (HRT)
increases the risk of recurrence and should be discouraged [I, A].
Patients should have unlimited access to specialised
rehabilitation facilities and services, to decrease the physical,
psychological and social sequelae of breast cancer treatment.
The main aims of physiotherapy should include prevention and
treatment of lymphoedema, assuring full range of movements of
arm and shoulder, and prevention and correction of postural
defects resulting from mastectomy. There are no data indicating
that any type of physiotherapy may increase the risk of
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Genomic Grade Index® are commercially available, but none of
them have proven robust clinical utility so far. In some cases of
difﬁcult decision, such as grade 2 ER-positive HER2-negative
and node-negative breast cancer, MammaPrint® and Oncotype
DX® may be used in conjunction with all clinicopathological
factors, to help in treatment decision-making [20, 61]. Results
from large phase III prospective clinical trials (MINDACT,
TAILORx and RxPONDER) are eagerly awaited for an optimal
and accurate use of these new tools in clinical practice. A
biomarker summary table is shown in Table 6.
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Screening and diagnosis
Mammography screening in the 50–70 year age group reduces breast cancer mortality.
Diagnosis and treatment should be carried out in ‘breast units’: specialised institutions caring for a high volume of breast cancer patients, and provided by
multidisciplinary teams including at least a surgeon, radiation oncologist, medical oncologist, radiologist and pathologist—all specialised in breast cancer.
The patients should be provided with full, preferably written information about their disease and treatment.
The diagnosis of breast cancer is based on clinical examination in combination with imaging, and conﬁrmed by pathological assessment. Other assessments
include complete personal and family medical history, including evaluation of menopausal status, physical examination, full blood count, liver and renal
function tests, alkaline phosphatase and calcium.
Pathological diagnosis should be based on core needle biopsy obtained by manual, or preferably by ultrasound or stereotactic, guidance. The pathological
report should include the histological type, grade, ER and, for invasive cancer, PgR and HER2.
Routine staging evaluations are directed at locoregional disease, as asymptomatic distant metastases are very rare and patients do not proﬁt from
comprehensive laboratory and radiological staging.
The postoperative pathological assessment of the surgical specimen should be made according to the pTNM system to include: number, location and
maximum diameter of tumour(s) removed, histological type and grade of the tumour(s), vascular and lymphovascular invasion, biomarker analysis,
evaluation of the resection margins, the total number of removed and number of positive lymph nodes, and the extent of metastases in the lymph nodes.
Treatment
The choice of treatment strategy is based on the tumour extent/location (size and location of primary tumour, number of lesions, number and extent of lymph
node involvement) and biology (pathology including biomarkers, gene expression) as well as on the age, body habitus and general health status of the
patients and their preferences.
The possibility of hereditary cancer should be explored and, if needed, prophylactic procedures discussed, following appropriate genetic counselling and testing
of the patient.
Risk-reducing surgery with prophylactic bilateral mastectomy and reconstruction may be offered to women with a very high risk of breast cancer, such as those
with previous chest wall irradiation for lymphoma or carrying the BRCA1 or BRCA2 gene mutations.
Ductal carcinoma in situ may be treated with BCT, provided clear resection margins can be achieved, or with mastectomy.
WBRT after BCS for DCIS decreases the risk of local recurrence with survival equal to that after mastectomy.
Breast conservation (wide local excision and RT) is the local treatment of choice in the majority of patients with invasive cancer. In some circumstances,
mastectomy may still be carried out because of tumour size (relative to breast size), tumour multicentricity, prior radiation to the chest wall or breast, or
patient choice.
Oncoplastic procedures can achieve better cosmetic outcomes, especially in patients with large breasts, with a less favourable tumour/breast size ratio or with a
cosmetically difﬁcult location of the tumour in the breast.
Breast reconstruction should be available to women requiring mastectomy.
Sentinel lymph node biopsy (SLNB), rather than full axillary nodal clearance, is now the standard of care, unless axillary node involvement is proven.
Patients with isolated tumour cells (<0.2 mm) in the sentinel node and patients with limited involvement of the sentinel lymph nodes undergoing tangential
breast irradiation may not need to have any further axillary procedure.
Postoperative RT is strongly recommended after BCS. Boost irradiation gives a further 50% risk reduction and is indicated for patients with unfavourable risk
factors for local control.
Partial breast irradiation may be considered an acceptable treatment option in patients at least 50 years old with unicentric, unifocal, node-negative, nonlobular breast cancer up to 3 cm in size without the presence of an extensive intraductal component or lymphovascular invasion, and with negative margins
of at least 1 mm.
Postmastectomy RT is recommended for patients with four or more positive axillary nodes and/or with T3–T4 tumours, and should be considered for patients
with one to three positive axillary lymph nodes, especially in the presence of additional risk factors.
Shorter fractionation schemes (e.g. 15 to 16 fractions with 2.5–2.67 Gy single dose) have been validated in large prospective studies and are generally
recommended.
The decision on systemic adjuvant therapies is based on the intrinsic phenotype determined by ER/PgR, HER2 and Ki67 assessment.
All patients with detectable ER expression, deﬁned as ≥1% of invasive cancer cells, should be offered ET. For premenopausal patients, tamoxifen is a standard
and the value of ovarian suppression is not well-deﬁned. For postmenopausal patients, AIs (both non-steroidal and steroidal) and tamoxifen are valid
options.
For luminal HER2(−) cancers, the indications for chemotherapy depend on the individual risk of relapse, presumed responsiveness to ET and patient
preferences.
Luminal B HER2(+) tumours are treated with chemotherapy, ET and trastuzumab; no data exist to support omission of chemotherapy in this group.
HER2(+) (non-luminal) cancers, should be treated with chemotherapy plus trastuzumab.
Triple-negative tumours beneﬁt from adjuvant chemotherapy, with possible exclusion of low-risk ‘special histological subtypes’ such as medullary or adenoid
cystic carcinomas.
Chemotherapy usually consists of 4–8 cycles of anthracycline- and/or taxane-based regimen. Sequential use of anthracyclines and taxanes, instead of
concomitant, is recommended.
Trastuzumab combined with chemotherapy in patients with HER2 overexpression/ampliﬁcation approximately halves the recurrence risk and improves overall
survival (OS), compared with chemotherapy alone.
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Table 7. Continued
In locally-advanced and large ‘operable’ cancers, in particular when mastectomy is required due to tumour size, primary systemic therapy (used before local
treatment) may allow for achieving operability or decreasing the extent of surgery. All modalities (chemotherapy, ET and targeted therapy) used in adjuvant
treatment may also be used preoperatively.
Follow up and survivorship
The aims of follow-up were to detect early local recurrences or contralateral breast cancer, to evaluate and treat therapy-related complications, to motivate
patients continuing hormonal treatments and to provide psychological support and information in order to enable a return to normal life.
Ipsilateral (after BCS) and contralateral mammography is recommended every 1 to 2 years. In asymptomatic patients, there are no data to indicate that other
laboratory or imaging tests produce a survival beneﬁt but available data come from old studies and new trials are needed.

Table 8. Levels of evidence and grades of recommendation (adapted from the Infectious Diseases Society of America-United States Public Health Service
Grading Systema)

a
Dykewicz CA. Summary of the guidelines for preventing opportunistic infections among hematopoietic stem cell transplant recipients. Clin Infect Dis 2001;
33: 139–144. By permission of the Infectious Diseases Society of America.

recurrence; hence, patients should not be denied access to this
rehabilitation service, when indicated.
It is uncertain whether women who have undergone axillary
clearance should be advised to avoid cannulation, venesection
and blood pressure monitoring in the ipsilateral arm [V, D].
Prompt initiation of antibiotic treatment for potentially infected
wounds on the ipsilateral arm is advised, in particular after
axillary lymph node dissection.
Follow-up cannot and should not be seen exclusively from the
physical perspective as women often have increased levels of
anxiety after treatment completion, when close contact with the
treatment team decreases. Depression and intense fatigue very
often occur in the months following the end of adjuvant
chemotherapy and/or RT. This is also aggravated by the fact that
long-term survivorship issues involving work, family and
sexuality, are often not closely addressed during follow-up,
resulting in women not being able to cope effectively. Longterm survivorship needs to be addressed as a different set of
challenges and realities to encompass the psychosocial needs of
women after treatment ends. Follow-up clinics should focus not
only on late side-effects but also on issues that deal with the
long-term implications of living with breast cancer and
assessing the various quality-of-life issues. The role of a
specialised breast nurse throughout a patient’s diagnosis,
treatment and follow-up is crucial. All countries should develop
the necessary educational and infrastructure requirements to be
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able to provide the help of specialised breast nurses, within the
multidisciplinary team, to all breast cancer patients.

note
A summary of recommendations is shown in Table 7. Levels of
evidence and grades of recommendation have been applied
using the system shown in Table 8. Statements without grading
were considered justiﬁed standard clinical practice by the
experts and the ESMO faculty.
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Levels of evidence
I
Evidence from at least one large, randomised, controlled trial of good methodological quality (low potential for bias) or meta-analyses of wellconducted, randomised trials without heterogeneity
II
Small, randomised trials or large, randomised trials with a suspicion of bias (lower methodological quality) or meta-analyses of such trials or of trials
with demonstrated heterogeneity
III Prospective cohort studies
IV Retrospective cohort studies or case–control studies
V
Studies without the control group, case reports, experts opinions
Grades of recommendation
A
Strong evidence for efﬁcacy with a substantial clinical beneﬁt, strongly recommended
B
Strong or moderate evidence for efﬁcacy but with a limited clinical beneﬁt, generally recommended
C
Insufﬁcient evidence for efﬁcacy or beneﬁt does not outweigh the risk or the disadvantages (adverse events, costs …), optional
D
Moderate evidence against the efﬁcacy or for adverse outcomes, generally not recommended
E
Strong evidence against the efﬁcacy or for adverse outcomes, never recommended
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Radiotherapy for breast cancer in patients undergoing breast reconstruction or
augmentation. Cancer Treat Rev 2004; 30: 671–682.
37. Krag DN, Anderson SJ, Julian TB et al. Sentinel-lymph-node resection
compared with conventional axillary-lymph-node dissection in clinicallynodenegative patients with breast cancer: overall survival ﬁndings from the
NSABP B-32 randomised phase 3 trial. Lancet Oncol 2010; 11:
927–933.
38. Giuliano AE, Hawes D, Ballman KV et al. Association of occult metastases in
sentinel lymph nodes and bone marrow with survival among women with earlystage invasive breast cancer. JAMA 2011; 306: 385–393.
39. Kaufmann M, Morrow M, von Minckwitz G et al. Locoregional treatment of
primary breast cancer: consensus recommendations from an International expert
panel. Cancer 2010; 116: 1184–1191.
40. Galimberti V, Cole BF, Zurrida S et al. Axillary dissection versus no axillary
dissection in patients with sentinel-node micrometastases (IBCSG 23-01): a
phase 3 randomised controlled trial. Lancet Oncol 2013; 14: 297–305.
41. Giuliano AE, Hunt KK, Ballman KV et al. Axillary dissection versus no axillary
dissection in women with invasive breast cancer and sentinel node metastasis: a
randomized clinical trial. JAMA 2011; 305: 569–575.
42. Liebens FP, Carly B, Pastijn A, Rozenberg S. Management of BRCA1/2
associated breast cancer: a systematic qualitative review of the state of
knowledge in 2006. Eur J Cancer 2007; 43: 238–257.
43. Hwang ES, Lichtensztajn DY, Gomez SL et al. Survival after lumpectomy and
mastectomy for early stage invasive breast cancer: the effect of age and hormone
receptor status. Cancer 2013; 119: 1402–1411.
44. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG), Darby S, McGale P
et al. Effect of radiotherapy after breast-conserving surgery on 10-year
recurrence and 15-year breast cancer death: meta-analysis of individual patient
data for 10,801 women in 17 randomised trials. Lancet 2011; 378:
1707–1716.

doi:10.1093/annonc/mdt284 | vi

Downloaded from http://annonc.oxfordjournals.org/ by guest on July 20, 2015

1. Aebi S, Davidson T, Gruber G et al. Primary breast cancer: ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol 2011; 22
(Suppl 6): vi12–vi24.
2. McTiernan A. Behavioral risk factors in breast cancer: can risk be modiﬁed?
Oncologist 2003; 8: 326–334.
3. Gatta G, Mallone S, van der Zwan JM et al. Cancer prevalence estimates in
Europe at the beginning of 2000. Ann Oncol 2013; 24: 1660–1666.
4. Autier P, Boniol M, La Vecchia C et al. Disparities in breast cancer mortality
trends between 30 European countries: retrospective trend analysis of WHO
mortality database. BMJ 2010; 341: c3620.
5. Ottini L, Palli D, Rizzo S et al. Male breast cancer. Crit Rev Oncol Hematol 2010;
73: 141–155.
6. Giordano L, von Karsa L, Tomatis M et al. Mammographic screening
programmes in Europe: organization, coverage and participation. J Med Screen
2012; 19(Suppl 1): 72–82.
7. Perry N, Broeders M, deWolf C et al. European guidelines for quality assurance in
breast cancer screening and diagnosis, 4th edition. Luxembourg: European
Commission Ofﬁce for Ofﬁcial Publications of the European Communities 2006.
8. Association of European Cancer Leagues. European Union Council
Recommendation on Cancer Screening. http://www.europeancancerleagues.org/
cancer-in-europe/resources-on-cancer-in-europe/82-eu-councilrecommendation-on-cancer-screening.html (2 July 2013, date last accessed).
9. Gøtzsche PC, Nielsen M. Screening for breast cancer with mammography.
Cochrane Database Syst Rev 2011; 1: CD001877.
10. Independent UK Panel on Breast Cancer Screening. The beneﬁts and harms of
breast cancer screening: an independent review. Lancet 2012; 380:
1778–1786.
11. Warner E, Messersmith H, Causer P et al. Systematic review: using magnetic
resonance imaging to screen women at high risk for breast cancer. Ann Intern
Med 2008; 148: 671–679.
12. Sardanelli F, Boetes C, Borisch B et al. Magnetic resonance imaging of the
breast: recommendations from the EUSOMA working group. Eur J Cancer 2010;
46: 1296–1316.
13. Rafferty EA, Park JM, Philpotts LE et al. Assessing radiologist performance using
combined digital mammography and breast tomosynthesis compared with digital
mammography alone: results of a multicenter, multireader trial. Radiology 2013;
266: 104–113.
14. Lakhani SR, Ellis IO, Schnitt SJ et al. WHO Classiﬁcation of Tumours, 4th edition.
IARC WHO Classiﬁcation of Tumours, IARC Press, Lyon, 2012.
15. Hammond ME. American Society of Clinical Oncology-College of American
Pathologists guidelines for breast predictive factor testing: an update. Appl
Immunohistochem Mol Morphol 2011; 19: 499–500.
16. Dowsett M, Nielsen TO, A’Hern R et al. Assessment of Ki67 in breast cancer:
recommendations from the International Ki-67 Breast Cancer Working Group. J
Natl Cancer Inst 2011; 103: 1656–1664.
17. Guiu S, Michiels S, André F et al. Molecular subclasses of breast cancer: how do
we deﬁne them? The IMPAKT 2012 working group statement. Ann Oncol 2012;
23: 2997–3006.
18. Mann GB, Fahey VD, Feleppa F, Buchanan MR. Reliance on hormone receptor
assays of surgical specimens may compromise outcome in patients with breast
cancer. J Clin Oncol 2005; 23: 5148–5154.
19. Chen X, Yuan Y, Gu Z, Shen K. Accuracy of estrogen receptor, progesterone
receptor, and HER2 status between core needle and open excision biopsy in
breast cancer: a meta-analysis. Breast Cancer Res Treat 2012; 134: 957–967.
20. Goldhirsch A, Winer EP, Coates AS et al. 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 2013. Ann Oncol
2013; 24: 2206–2223.
21. Harris L, Fritsche H, Mennel R et al. American Society of Clinical Oncology 2007
update of recommendations for the use of tumor markers in breast cancer. J Clin
Oncol 2007; 25: 5287–5312.
22. Robertson IJ, Hand F, Kell MR. FDG-PET/CT in the staging of local/regional
metastases in breast cancer. Breast 2011; 20: 491–494.

clinical practice guidelines

clinical practice guidelines

vi | Senkus et al.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

77.

78.
79.

80.

81.
82.

positive breast cancer: International Breast Cancer Study Group trial 13–93. J
Clin Oncol 2006; 24: 1332–1341.
Early Breast Cancer Trialists’ Collaborative Group. Effects of chemotherapy and
hormonal therapy for early breast cancer on recurrence and 15-year survival: an
overview of the randomised trials. Lancet 2005; 365: 1687–1717.
Goss PE, Ingle JN, Martino S et al. A randomized trial of letrozole in
postmenopausal women after ﬁve years of tamoxifen therapy for early-stage
breast cancer. N Engl J Med 2003; 349: 1793–1802.
LHRH-agonists in Early Breast Cancer Overview Group, Cuzick J, Ambroisine L
et al. Use of luteinizing-hormone-releasing hormone agonists as adjuvant
treatment in premenopausal patients with hormone-receptor-positive breast
cancer: a meta-analysis of individual patient data from randomised adjuvant
trials. Lancet 2007; 369: 1711–1723.
Davidson NE, O’Neill AM, Vukov AM et al. Chemoendocrine therapy for
premenopausal women with axillary lymph node-positive, steroid hormone
receptor-positive breast cancer: results from INT 0101 (E5188). J Clin Oncol
2005; 23: 5973–5982.
Jonat W, Kaufmann M, Sauerbrei W et al. Goserelin versus cyclophosphamide,
methotrexate, and ﬂuorouracil as adjuvant therapy in premenopausal patients
with node-positive breast cancer: the Zoladex Early Breast Cancer Research
Association study. J Clin Oncol 2002; 20: 4628–4635.
Gnant M, Mlineritsch B, Schippinger W et al. Endocrine therapy plus zoledronic
acid in premenopausal breast cancer. N Engl J Med 2009; 360: 679–691.
Bliss JM, Kilburn LS, Coleman RE et al. Disease-related outcomes with long-term
follow-up: an updated analysis of the intergroup exemestane study. J Clin Oncol
2012; 30: 709–717.
Regan MM, Neven P, Giobbie-Hurder A et al. Assessment of letrozole and
tamoxifen alone and in sequence for postmenopausal women with steroid
hormone receptor-positive breast cancer: the BIG 1–98 randomised clinical trial
at 8.1 years median follow-up. Lancet Oncol 2011; 12: 1101–1108.
Cuzick J, Sestak I, Baum M et al. Effect of anastrozole and tamoxifen as adjuvant
treatment for early-stage breast cancer: 10-year analysis of the ATAC trial.
Lancet Oncol 2010; 11: 1135–1141.
Goss PE, Ingle JN, Pater JL et al. Late extended adjuvant treatment with letrozole
improves outcome in women with early-stage breast cancer who complete 5
years of tamoxifen. J Clin Oncol 2008; 26: 1948–1955.
Burstein HJ, Prestrud AA, Seidenfeld J et al. American Society of Clinical
Oncology clinical practice guideline: update on adjuvant endocrine therapy for
women with hormone receptor-positive breast cancer. J Clin Oncol 2010; 28:
3784–3796.
Dowsett M, Cuzick J, Ingle J et al. Meta-analysis of breast cancer outcomes in
adjuvant trials of aromatase inhibitors versus tamoxifen. J Clin Oncol 2010; 28:
509–518.
Davies C, Pan H, Godwin J et al. Long-term effects of continuing adjuvant
tamoxifen to 10 years versus stopping at 5 years after diagnosis of oestrogen
receptor-positive breast cancer: ATLAS, a randomised trial. Lancet 2013; 381:
805–816.
Leyland-Jones B, Regan MM, Bouzyk M et al. Outcome according to CYP2D6
genotype among postmenopausal women with endocrine-responsive early
invasive breast cancer randomized in the BIG 1–98 trial. Cancer Res 2011; 70
(Suppl 2): abstr. S1–S8.
Sideras K, Ingle JN, Ames MM et al. Coprescription of tamoxifen and
medications that inhibit CYP2D6. J Clin Oncol 2010; 28: 2768–2776.
Berry DA, Cirrincione C, Henderson IC et al. Estrogen-receptor status and
outcomes of modern chemotherapy for patients with node-positive breast cancer.
JAMA 2006; 295: 1658–1667.
Early Breast Cancer Trialists’ Collaborative Group, Clarke M, Coates AS et al.
Adjuvant chemotherapy in oestrogen receptor-poor breast cancer: patient-level
meta-analysis of randomised trials. Lancet 2008; 371: 29–40.
Swain SM, Jeong JH, Geyer CE, Jr et al. Longer therapy, iatrogenic amenorrhea,
and survival in early breast cancer. N Engl J Med 2010; 362: 2053–2065.
Di Leo A, Desmedt C, Bartlett JM et al. HER2 And TOP2A as predictive markers
for anthracycline-containing chemotherapy regimens as adjuvant treatment of
breast cancer: a meta-analysis of individual patient data. Lancet Oncol 2011; 12:
1134–1142.

Volume 24 | Supplement 6 | October 2013

Downloaded from http://annonc.oxfordjournals.org/ by guest on July 20, 2015

45. Werkhoven EV, Hart G, Tinteren HV et al. Nomogram to predict ipsilateral breast
relapse based on pathology review from the EORTC 22881–10882 boost versus
no boost trial. Radiother Oncol 2011; 100: 101–107.
46. Vaidya JS, Joseph DJ, Tobias JS et al. Targeted intraoperative radiotherapy
versus whole breast radiotherapy for breast cancer (TARGIT-A trial): an
international, prospective, randomised, non-inferiority phase 3 trial. Lancet
2010; 376: 91–102.
47. Polgár C, Van Limbergen E, Potter R et al. Patient selection for accelerated partial
breast irradiation (APBI) after breast-conserving surgery: recommendations of the
Groupe Européen de Curiethérapie-European Society for Therapeutic Radiology
and Oncology (GEC-ESTRO) breast cancer working group based on clinical
evidence (2009). Radiother Oncol 2010; 94: 264–273.
48. Clarke M, Collins R, Darby S et al. Effects of radiotherapy and of differences in
the extent of surgery for early breast cancer on local recurrence and 15-year
survival: an overview of the randomised trials. Lancet 2005; 366: 2087–2106.
49. Kyndi M, Overgaard M, Nielsen HM et al. High local recurrence risk is not
associated with large survival reduction after postmastectomy radiotherapy in
high-risk breast cancer: a subgroup analysis of DBCG 82 b&c. Radiother Oncol
2009; 90: 74–79.
50. Whelan TJ, Pignol JP, Levine MN et al. Long-term results of hypofractionated
radiation therapy for breast cancer. N Engl J Med 2010; 362: 513–520.
51. START Trialists’ Group, Bentzen SM, Agrawal RK et al. The UK Standardisation of
Breast Radiotherapy (START) trial B of radiotherapy hypofractionation for
treatment of early breast cancer: a randomised trial. Lancet 2008; 371:
1098–1107.
52. START Trialists’ Group, Bentzen SM, Agrawal RK et al. The UK Standardisation of
Breast Radiotherapy (START) trial A of radiotherapy hypofractionation for
treatment of early breast cancer: a randomised trial. Lancet Oncol 2008; 9:
331–341.
53. Goodwin A, Parker S, Ghersi D, Wilcken N. Post-operative radiotherapy for ductal
carcinoma in situ of the breast—a systematic review of the randomized trials.
Breast 2009; 18: 143–149.
54. Lohrisch C, Paltiel C, Gelmon K et al. Impact on survival of time from deﬁnitive
surgery to initiation of adjuvant chemotherapy for early-stage breast cancer.
J Clin Oncol 2006; 24: 4888–4894.
55. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG), Peto R, Davies C
et al. Comparisons between different polychemotherapy regimens for early breast
cancer: meta-analyses of long-term outcome among 100,000 women in 123
randomised trials. Lancet 2012; 379: 432–444.
56. Goldhirsch A, Wood WC, Coates AS et al. Strategies for subtypes—dealing with
the diversity of breast cancer: highlights of the St Gallen International Expert
Consensus on the primary therapy of early breast cancer 2011. Ann Oncol 2011;
22: 1736–1747.
57. Harbeck N, Kates RE, Look MP et al. Enhanced beneﬁt from adjuvant
chemotherapy in breast cancer patients classiﬁed high-risk according to
urokinase-type plasminogen activator (uPA) and plasminogen activator inhibitor
type 1 (n=3424). Cancer Res 2002; 62: 4617–4622.
58. Albain KS, Barlow WE, Shak S et al. Prognostic and predictive value of the
21-gene recurrence score assay in postmenopausal women with node-positive,
oestrogen-receptor-positive breast cancer on chemotherapy: a retrospective
analysis of a randomised trial. Lancet Oncol 2010; 11: 55–65.
59. Paik S, Shak S, Tang G et al. A multigene assay to predict recurrence of
tamoxifen-treated, node-negative breast cancer. N Engl J Med 2004; 351:
2817–2826.
60. Paik S, Tang G, Shak S et al. Gene expression and beneﬁt of chemotherapy in
women with node-negative, estrogen receptor-positive breast cancer. J Clin
Oncol 2006; 24: 3726–3734.
61. Azim HA, Jr, Michiels S, Zagouri F et al. Utility of prognostic genomic tests in
breast cancer practice: the IMPAKT 2012 working group consensus statement.
Ann Oncol 2013; 24: 647–654.
62. Albain KS, Barlow WE, Ravdin PM et al. Adjuvant chemotherapy and timing of
tamoxifen in postmenopausal patients with endocrine-responsive, node-positive
breast cancer: a phase 3, open-label, randomised controlled trial. Lancet 2009;
374: 2055–2063.
63. International Breast Cancer Study Group, Colleoni M, Gelber S et al. Tamoxifen
after adjuvant chemotherapy for premenopausal women with lymph node-

Annals of Oncology

Annals of Oncology

Volume 24 | Supplement 6 | October 2013

97.
98.

99.

100.
101.

102.
103.

104.

105.

106.

107.

108.

109.

110.
111.
112.

early HER2-positive breast cancer (NeoSphere): a randomised multicentre, openlabel, phase 2 trial. Lancet Oncol 2012; 13: 25–32.
Coleman RE, Marshall H, Cameron D et al. Breast-cancer adjuvant therapy with
zoledronic acid. N Engl J Med 2011; 365: 1396–1405.
Eidtmann H, de Boer R, Bundred N et al. Efﬁcacy of zoledronic acid in
postmenopausal women with early breast cancer receiving adjuvant
letrozole: 36-month results of the ZO-FAST study. Ann Oncol 2010; 21:
2188–2194.
Reid DM, Doughty J, Eastell R et al. Guidance for the management of breast
cancer treatment-induced bone loss: a consensus position statement from a UK
Expert Group. Cancer Treat Rev 2008; 34(Suppl 1): S3–S18.
Muss HB, Berry DA, Cirrincione CT et al. Adjuvant chemotherapy in older women
with early-stage breast cancer. N Engl J Med 2009; 360: 2055–2065.
Crivellari D, Gray KP, Dellapasqua S et al. Adjuvant pegylated liposomal
doxorubicin for older women with endocrine nonresponsive breast cancer who
are NOT suitable for a ‘standard chemotherapy regimen’: the CASA randomized
trial. Breast 2013; 22: 130–137.
Staley H, McCallum I, Bruce J. Postoperative tamoxifen for ductal carcinoma in
situ. Cochrane Database Syst Rev 2012; 10: CD007847.
Rastogi P, Anderson SJ, Bear HD et al. Preoperative chemotherapy: updates of
National Surgical Adjuvant Breast and Bowel Project Protocols B-18 and B-27. J
Clin Oncol 2008; 26: 778–785.
von Minckwitz G, Untch M, Nüesch E et al. Impact of treatment characteristics on
response of different breast cancer phenotypes: pooled analysis of the German
neo-adjuvant chemotherapy trials. Breast Cancer Res Treat 2011; 125:
145–156.
Cataliotti L, Buzdar AU, Noguchi S et al. Comparison of anastrozole versus
tamoxifen as preoperative therapy in postmenopausal women with hormone
receptor-positive breast cancer: the Pre-Operative "Arimidex" compared to
tamoxifen (PROACT) trial. Cancer 2006; 106: 2095–2103.
Smith IE, Dowsett M, Ebbs SR et al. Neoadjuvant treatment of postmenopausal
breast cancer with anastrozole, tamoxifen, or both in combination: the immediate
preoperative anastrozole, tamoxifen, or combined with tamoxifen (IMPACT)
multicenter double-blind randomized trial. J Clin Oncol 2005; 23: 5108–5116.
Eiermann W, Paepke S, Appfelstaedt J et al. Preoperative treatment of
postmenopausal breast cancer patients with letrozole: a randomized double blind
multicenter study. Ann Oncol 2001; 12: 1527–1532.
Allemani C, Minicozzi P, Berrino F et al. Predictions of survival up to 10 years
after diagnosis for European women with breast cancer in 2000–2002. Int J
Cancer 2013; 132: 2404–2412.
Park S, Koo JS, Kim MS et al. Characteristics and outcomes according to
molecular subtypes of breast cancer as classiﬁed by a panel of four biomarkers
using immunohistochemistry. Breast 2012; 21: 50–57.
Holmes MD, Chen WY, Feskanich D et al. Physical activity and survival after
breast cancer diagnosis. JAMA 2005; 293: 2479–2486.
Chlebowski RT, Aiello E, McTiernan A. Weight loss in breast cancer patient
management. J Clin Oncol 2002; 20: 1128–1143.
Edge SB, Byrd DR, Compton CC (eds). AJCC Cancer Staging Handbook, 7th ed.
New York, NY.: Springer, 2010.

doi:10.1093/annonc/mdt284 | vi

Downloaded from http://annonc.oxfordjournals.org/ by guest on July 20, 2015

83. Gianni L, Baselga J, Eiermann W et al. Phase III trial evaluating the addition of
paclitaxel to doxorubicin followed by cyclophosphamide, methotrexate, and
ﬂuorouracil, as adjuvant or primary systemic therapy: European Cooperative Trial
in Operable Breast Cancer. J Clin Oncol 2009; 27: 2474–2481.
84. Shao N, Wang S, Yao C et al. Sequential versus concurrent anthracyclines and
taxanes as adjuvant chemotherapy of early breast cancer: a meta-analysis of
phase III randomized control trials. Breast 2012; 21: 389–393.
85. Jones S, Holmes FA, O’Shaughnessy J et al. Docetaxel with cyclophosphamide
is associated with an overall survival beneﬁt compared with doxorubicin and
cyclophosphamide: 7-year follow-up of US Oncology Research Trial 9735. J Clin
Oncol 2009; 27: 1177–1183.
86. Citron ML, Berry DA, Cirrincione C et al. Randomized trial of dose-dense versus
conventionally scheduled and sequential versus concurrent combination
chemotherapy as postoperative adjuvant treatment of node-positive primary
breast cancer: ﬁrst report of Intergroup Trial C9741/Cancer and Leukemia Group
B Trial 9741. J Clin Oncol 2003; 21: 1431–1439.
87. Gianni L, Dafni U, Gelber RD et al. Treatment with trastuzumab for 1 year after
adjuvant chemotherapy in patients with HER2-positive early breast cancer: a 4year follow-up of a randomised controlled trial. Lancet Oncol 2011; 12:
236–244.
88. Perez EA, Romond EH, Suman VJ et al. Four-year follow-up of trastuzumab plus
adjuvant chemotherapy for operable human epidermal growth factor receptor 2positive breast cancer: joint analysis of data from NCCTG N9831 and NSABP B31. J Clin Oncol 2011; 29: 3366–3373.
89. Slamon D, Eiermann W, Robert N et al. Adjuvant trastuzumab in HER2-positive
breast cancer. N Engl J Med 2011; 365: 1273–1283.
90. Gonzalez-Angulo AM, Litton JK, Broglio KR et al. High risk of recurrence for
patients with breast cancer who have human epidermal growth factor receptor 2positive, node-negative tumors 1 cm or smaller. J Clin Oncol 2009; 27:
5700–5706.
91. Joensuu H, Kellokumpu-Lehtinen PL, Bono P et al. Adjuvant docetaxel or
vinorelbine with or without trastuzumab for breast cancer. N Engl J Med 2006;
354: 809–820.
92. Goldhirsch A, Gelber RD, Piccart-Gebhart MJ et al. 2 years versus 1 year of
adjuvant trastuzumab for HER2-positive breast cancer (HERA): an open-label,
randomised controlled trial. Lancet 2013. July 17 [epub ahead of print], doi:pii:
S0140-6736(13)61094-6. 10.1016/S0140-6736(13)61094-6.
93. Pivot X, Romieu G, Debled M et al. 6 months versus 12 months of adjuvant
trastuzumab for patients with HER2-positive early breast cancer (PHARE): a
randomised phase 3 trial. Lancet Oncol 2013; 14: 741–748.
94. Baselga J, Bradbury I, Eidtmann H et al. Lapatinib with trastuzumab for HER2positive early breast cancer (NeoALTTO): a randomised, open-label, multicentre,
phase 3 trial. Lancet 2012; 379: 633–640.
95. Guarneri V, Frassoldati A, Bottini A et al. Preoperative chemotherapy plus
trastuzumab, lapatinib, or both in human epidermal growth factor receptor 2positive operable breast cancer: results of the randomized phase II CHER-LOB
study. J Clin Oncol 2012; 30: 1989–1995.
96. Gianni L, Pienkowski T, Im YH et al. Efﬁcacy and safety of neoadjuvant
pertuzumab and trastuzumab in women with locally advanced, inﬂammatory, or

clinical practice guidelines

