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Abstract 

In only the past century, the landscape of breast cancer treatment has completely changed. The Halstedian hypo-
thesis of the “contiguous spread” of breast cancer has been replaced by a consideration of its systemic nature. Today, 
patients with early-stage breast cancer are managed with breast-conserving therapy, which is as effective as ma-
stectomy. Sentinel lymph node biopsy has largely replaced axillary lymph node dissection. Post-operative radiothe-
rapy, chemotherapy and endocrine therapy have increased survival. Pre-operative cytotoxic therapy allows for less 
extensive surgery and for a curative resection even in more advanced stages. Rapid progress in molecular oncology 
revealed a large heterogeneity of breast cancer, resulting in a more personalized approach. Targeted therapies direc-
ted against epidermal growth factor receptor type 2 (HER2) have improved survival in HER2-positive breast cancer, 
which was once a poor-prognosis entity. Multi-gene prognostic signatures better predict prognosis and allow many 
patients to avoid chemotherapy. Personalized treatment has resulted in decreased toxicity and an improved quality 
of life. Within the past decades, breast cancer has become a good-prognosis malignancy with a five-year survival 
in the range of 80-85%. Future development of personalized medicine may further refine treatment based on the 
tumor’s molecular features.
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Introduction 

Breast cancer is the most common female mali-
gnancy worldwide and is the leading cause of cancer 
death, accounting for 24.2% of the total cancer ca-
ses and 15.5% of cancer deaths in women [1]. Once 
a virtually incurable entity, it is now considered a go-
od-prognosis malignancy with an 80-85% five-year 
survival. This spectacular achievement is a result of 
a better understanding of this tumor’s biology, early 
detection and diagnosis, and progress in treatment. 
Over the past century, the management of breast can-
cer has undergone fundamental evolution which not 
only has resulted in better clinical outcomes, but has 
also allowed for satisfactory patient survival. This artic-
le will outline important milestones and the changing 
paradigms of breast cancer treatment.

From radical mastectomy to breast               
conserving therapy 

On May 8, 1907, William S. Halsted, a Johns Hop-
kins University surgeon, declared at the American 
Surgical Association conference that “breast can-
cer follows a predictable pattern of spread from one 
to the next echelon” and that “(a)n en bloc removal 
of all echelons could thus achieve a cure.” With this 
assumption, he proposed a drastic and disfiguring 
procedure in which the entire breast, pectoral musc-
les and axillary lymph nodes were removed. This the-
rapy initiated the so-called “Halstedian era” of breast 
cancer treatment and radical mastectomy became the 
standard management for more than half of the 20 th 
century [2]. Although radical mastectomy was widely 
adopted, surgeons were searching for new solutions. 
As early as the 1930s, David Patey from London modi-
fied Halsted’s operation by saving the pectoralis major 
muscle. This type of surgery was less traumatic and 
reduced the risk of postoperative complications, e.g. 
post-mastectomy pain syndrome, lymphedema and 
a reduced range of motion in the upper limb. To the 
contrary, there were also attempts to extend breast 
cancer surgery with a so-called supraradical mastecto-
my, including the chest wall, internal mammary lymph 
nodes or even the supraclavicular and mediastinal no-
des. These procedures, however, were associated with 
significant morbidity and no clinical benefit [2]. 

The major treatment paradigm shift began in the 
1960s, when another American surgeon, Bernard Fisher, 
presented his theory of the systemic nature of breast 
cancer. As opposed to Halsted’s theory of locoregional 
spread, he argued that women suffering from breast 

cancer die due to metastatic disease. Hence, surgery 
may be less extensive, and should be supplemented 
by systemic therapy to combat micrometastases and 
reduce the risk of tumor dissemination [3]. Fisher and 
his colleagues from the National Surgical Adjuvant 
Project for Breast and Bowel Cancers (NSABP) initiated 
an era of optimized surgical approaches and systemic 
adjunctive therapies that were based on randomized 
clinical trials (RCTs) rather than on empirical grounds. 

In the 1970s, the researchers at the NSABP con-
ducted a randomized three-arm trial comparing radi-
cal mastectomy to a total (also referred to as "simple") 
mastectomy (removal of the breast tissue, areola, 
nipple and skin without axillary dissection), the latter 
with or without regional irradiation [4]. Axillary dis-
section was performed only if the lymph nodes be-
came subsequently positive. After 10 years, there was 
no significant survival difference between the two 
groups. Consequently, a modified radical mastectomy, 
sparing the pectoralis major muscle, became the new 
standard in the 1980s [2]. The next breakthrough in 
breast cancer surgery was the B-06 clinical trial initia-
ted in the 1970s also by the NSABP [5]. This time, the 
reasearchers compared the efficacy of total mastec-
tomy and breast conserving surgery (BCS), which inc-
luded removal of the tumor with surrounding breast 
tissue. Overall survival (OS) was comparable in both 
approaches, however the disease-free survival (DFS) 
was highly improved among patients managed with 
BCS thanks to the post-operative radiotherapy. At the 
same time, Umberto Veronesi from the Istituto Tumo-
ri di Milano (Italy) published an RCT comparing radical 
mastectomy and quadrantectomy, another form of 
BCS [6]. His study supported the paradigm shift from 
a maximum tolerated surgery to a minimal effective 
surgery. These results led the National Institutes of He-
alth (NIH; USA) to recommend BCS followed by whole 
breast radiotherapy as a new standard management 
in early-stage breast cancer in 1990. Later results of 
the NSABP and Italian studies confirmed the durable 
efficacy of breast-saving approaches and established 
their role in routine practice [7-8].

Avoiding axillary lymphadenectomy

Despite the shortcomings of  the “predictable 
spread” theory of breast cancer, Halstead was not en-
tirely wrong. Indeed, in more than 90% of cases the 
disease spreads in a predictable manner from level-I 
through level-II to level-III axillary lymph nodes. After 
almost a century, his theory resulted in the concept of 
the sentinel lymph node biopsy (SLNB). 



A sentinel lymph node (SLN) is defined as the 
initial lymph node to which cancer is most likely to 
spread from the primary tumor. Axillary lymph node 
dissection (ALND) has long been considered a routine 
part of breast cancer management, because clinical 
examination was unreliable for detection of axillary 
involvement. However, ALND is associated with seve-
ral side effects including arm edema, numbness, pain 
and affected arm mobility. Hence, avoiding ALND may 
substantially improve a patient’s quality of life. SLNB 
was first employed in the treatment of parotid tumors 
and melanoma  [9-10], and breast cancer seemed to 
be another good model for this procedure. Indeed, 
SLNB in breast cancer was found to accurately predict 
the status of the entire axilla [11]. Armando Giuliano 
(USA) used blue dye, while Veronesi (Italy) used ra-
diocolloid to identify SLN in breast cancer and both 
successfully demonstrated axillary nodal involvement 
[9-10] and the combination thereof was more reliable 
than either used alone [11-12]. A series of randomi-
zed studies confirmed a similar OS with SLNB and lym-
phadenectomy in breast cancer patients with clinically 
negative axillary lymph nodes [13-16]. In consequence, 
patients with a negative SLNB are currently managed 
without ALND. Further studies showed that even pa-
tients with 1-2 positive SLNs may forego ALND without 
compromising OS, provided surgery is followed by po-
st-operative radiotherapy including the axilla [17-18]. 
ALND may also be avoided in node positive patients 
who achieve negative SLNB following pre-operative 
chemotherapy [19].

The rise of peri-operative systemic therapies

While Halstead was right on certain points, his 
theory did not consider breast cancer as a systemic 
disease. Understanding that breast cancer deaths are 
caused mainly by the tumor dissemination led to stu-
dies of adjuvant systemic therapies. 

The first major study investigating adjuvant che-
motherapy after surgery in breast cancer was published 
by Bernard Fisher et al in 1968 [20]. The authors conc-
luded that single cytotoxic agent thio-tepa administered 
postoperatively in pre-menopausal patients decreases 
the risk of cancer recurrence death. In 1976, the Italian 
oncologist Gianni Bonadonna presented a spectacular 
benefit of postoperative multi-drug regimen including 
cyclophosphamide, methotrexate and fluorouracil 
(CMF), which later became the standard adjuvant treat-
ment in breast cancer [21]. These findings were suppor-
ted by other large trials performed by the NSABP and 
other research teams [22-25]. In the 1980s, chemothe-

rapy improved from CMF to regimens including anthra-
cyclines (doxorubicin, epirubicin), followed by the even 
more effective taxane combinations (paclitaxel, doceta-
xel) [26-30] in the 1990s [29-33]. With increasing eviden-
ce supporting survival benefit of adjuvant chemotherapy, 
in 2001 the NIH recommended its use in the majority of 
women with localized breast cancer, regardless of lymph 
node, menopausal or hormone receptor status [31].

More recently, there is an increasing trend of ad-
ministering chemotherapy in the pre-operative period, 
rather than post-operative [32]. This approach aims at 
eradicating potential occult micrometastases present 
already at diagnosis and reducing tumor mass to ena-
ble curative mastectomy or even BCS in selected cases. 
Pre-operative chemotherapy results in remission of no-
dal metastases, thus allowing for less extensive axilla-
ry surgery and for tailoring postoperative radiotherapy 
[36]. Additionally, administration of chemotherapy prior 
to surgery provides vital information on tumor behavior 
in vivo, allows chemosensitivity assessment  and offers 
pathological complete response (pCR) as a surrogate 
outcome marker of clinical benefit [3, 33]. Currently, 
pre-operative chemotherapy is routinely used in locally 
advanced and large primary breast cancers and provi-
des apparent benefit in more aggressive phenotypes, 
such as triple negative and HER2-positive breast cancer. 
There was a word of warning regarding this strategy, 
however. Namely, a meta-analysis by the Early Breast 
Cancer Trialists’ Collaborative Group (EBCTCG) showed 
no difference between pre- and post-operative che-
motherapy in terms of all-cause mortality, but there 
were more local recurrences (21.4% vs. 15.9%) with the 
former, likely due to more BCSs in this setting [34]. The-
se data indicate the need to mitigate the risk of local fa-
ilure in patients managed with induction chemotherapy.

Targeted therapies

The starting point of targeted treatment of breast 
cancer was anti-estrogen receptor (ER) therapy. In 
1977, the US Food and Drug Administration (FDA) ap-
proved tamoxifen as the first clinically viable selective 
ER modulator for metastatic breast cancer. Anti-estro-
gen therapy was a noteworthy breakthrough, because 
it had a greater global impact than any other thera-
peutic intervention in oncology. 

Several large studies demonstrated that tamoxifen 
in ER-positive breast cancer significantly improved the 
post-operative outcome. Another EBCTCG meta-analysis 
demonstrated a 9.2% improvement of 15-year overall 
survival (OS) after a 5-year therapy of tamoxifen in ER-

-positive or ER-unknown breast cancer [35].  Tamoxifen 
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began to gain a proven position in cancer prevention, tre-
atment of ductal carcinoma in situ (DCIS) and in early and 
advanced invasive breast cancer. Subsequently, a series 
of large clinical studies demonstrated higher efficacy of 
aromatase inhibitors (anastrozole, letrozole and exeme-
stane) in hormone-sensitive breast cancers [36]. Exten-
ding hormone therapy beyond the standard five years al-
lowed for an increase of DFS in patients with a higher risk 
of relapse [37-38]. Another approach for increasing DFS 
was combining tamoxifen or an aromatase inhibitor with 
a pharmacologic ovarian suppressor in high risk preme-
nopausal women [39]. A recent development in the tre-
atment of ER-positive advanced breast cancer was com-
bining adding cyclin-dependent kinase 4 and 6 inhibitors 
(palbociclib, ribociclib and abemaciclib) [40-42]. These 
compounds act at the G1-to-S cell cycle checkpoint, le-
ading to cell cycle arrest [43]. Advances in molecular bio-
logy, identified PIK3CA/mTOR signaling as a mechanism 
of resistance in ER-positive tumors, and the PI3K inhibi-
tor alpelisib has shown promising activity [44]. 

Another milestone in the development of patien-
t-tailored therapy was the discovery of the HER2-neu 
protooncogene in the 1980s [45-46]. Amplification 
or overexpression of this gene played a key role in the 
development and progression of an aggressive form 
of breast cancer called HER2-positive cancer. This di-
scovery initiated the era of anti-HER2 therapy. The first 
anti-HER2 drug approved by the FDA was trastuzumab 
(Herceptin), a humanized monoclonal antibody. Clinical 
benefit of trastuzumab added to chemotherapy in HER-
2-positive advanced breast cancer was first demonstra-
ted in 2001 by Slamon et al [47]. Subsequently, a series 
of large randomized studies showed a spectacular effi-

cacy of this compound in the adjuvant setting in patients 
with an overexpression or amplification of HER2 [48].

Within the next 20 years the array of anti-HER2 
therapies has expanded to include small molecule ty-
rosine kinase inhibitors (lapatinib, neratinib, tucatinib), 
second-generation monoclonal antibody pertuzumab 
and conjugates of trastuzumab with cytotoxic agents  
(trastuzumab emtansine, trastuzumab deruxtecan).

Breast cancer as a heterogeneous disease

Currently it is understood that breast cancer is a cli-
nically and pathologically heterogeneous group of pa-
thologic entities with different biologic and clinical beha-
viors. Immunohistochemistry techniques allow for the 
distinction of hormone receptor (ER or progesterone re-
ceptor, PR)-positive, triple-negative and HER2-positive 
breast cancers. In the 21st century genetic profiling led 
to the classification of breast cancer into five intrinsic 
molecular types: luminal A, luminal B, HER2-enriched, 
basal-like and normal-like breast cancer [49].

These subtypes are characterized by different cli-
nical behavior and their distinction provides relevant 
information beyond pathology-based classifications 
[50]. In daily clinical practice, intrinsic molecular sub-
types are replaced by their surrogates based on the 
immunohistochemistry expression of hormone recep-
tors, overexpression of HER2, and a Ki67 score which 
is a cellular marker of proliferation. This classification 
is routinely used in clinical practice to assess progno-
sis and to select adjuvant systemic therapies in breast 
cancer patients (Table 1). 

Phenotype Subtype Endocrine therapy Anti-HER2 therapy Chemotherapy

Hormone 
receptors

HER2

+ –
Luminal A 
or luminal 

B HER2-negative
Yes No Yes (if high risk)

+ + Luminal B 
HER2-positive

Yes Yes Yes

– – Triple negative No No Yes

– + HER2-positive No Yes Yes

Table 1. Principles of perioperative systemic therapy for breast cancer



National Comprehensive Cancer Network (NCCN) and 
the St. Gallen guidelines as a useful tool in helping 
physicians to make decisions about adjuvant treat-
ment in ER-positive breast cancer patients [54, 59-62].

Improving the breast cancer survivors’
quality of life

Significant progress in breast cancer treatment has 
resulted in increasing the number of survivors facing 
treatment-related side effects. Chemotherapy used 
for breast cancer often induces early menopause, may 
be cardiotoxic, ototoxic, neurotoxic and even carcino-
genic. Endocrine treatment increases the risk of en-
dometrial cancer, thromboembolic events, cataracts, 
osteoporosis, bone fractures, metabolic disorders 
(aromatase inhibitors) and hot flashes (tamoxifen). 
The anti-HER2 antibody (trastuzumab) is cardiotoxic 
and causes infusion-related reactions. Surgical treat-
ment, particularly mastectomy, is disfiguring and af-
fects both physical and psychological health. Finally, 
radiotherapy of left-sided tumors may induce late car-
diotoxicity. Apart from the increasing treatment effica-
cy, an important aim of current approaches is therefo-
re maintaining a good quality of life during and after 
treatment. Examples of these developments include 
breast reconstruction, effective antiemetic treatment, 
caring for bone health, and prevention of alopecia and 
neuropathy. Cancer support groups are proven to be 
effective for patients, spouses and other family mem-
bers in reducing the emotional burden of a cancer dia-
gnosis and treatment [63]. Another valuable aspect of 
supportive care in breast cancer patients is reducing 
the risk of treatment-related infertility [64]. 

Physical and mental rehabilitation after cancer tre-
atment is not only vital for patients and their families 
but, given a high incidence of this malignancy, also 
has an important economic value. The prevalence of 
the return to work rate (RTW) is in the range of 43% 
to 93% within one year of diagnosis [65]. As a large 
majority of women with breast cancer are still in their 
working age, a low RTW may put considerable burden 
on a national economy [66]. 

Current challenges and outlook 
for the future

Fundamental changes in breast cancer manage-
ment, as well as the implementation of large-scale 
mammography screening programs resulted in remar-
kable progress in therapeutic outcomes. For example, 

Can molecular signatures predict prognosis?

The use of perioperative chemotherapy resulted in 
declining breast cancer mortality rates on a global sca-
le. Moreover, the effectiveness of chemotherapy allo-
wed for more conservative breast and axillary surgery. 
There was however a general conviction that adjuvant 
chemotherapy may be avoided in a proportion of pa-
tients, however there were no reliable instruments to 
predict individual risk of relapse.

Better understanding of molecular biology led to 
the development of several multigene tests which 
better predict prognosis of breast cancer and select 
patients to chemotherapy. Some examples of these 
assays include Oncotype DX® (Exact Sciences, United 
States), MammaPrint® (Agendia, Netherlands), En-
dopredict (Sividon Diagnostics GmbH, Koln, Germa-
ny), PAM50/Prosigna (Nanostring Technologies, USA) 
and Breast Cancer Index SM (bioTheranostics, USA) 
[51]. Two of these assays have been subjected to lar-
ge randomized trials: MINDACT and TAILORx. The first 
trial, using MammaPrint test (a 70-gene signature), 
demonstrated that chemotherapy may be avoided in 
both low genomic (according to the signature) and 
low clinical (small tumor, N0, low grading) risk groups 
[52]. Whereas the second trial (TAILORx) using Onco-
type DX (a 21-gene signature) showed no benefit from 
adjuvant chemotherapy for node-negative ER-positi-
ve and HER2-negative breast cancer patients with an 
intermediate recurrence score [53]. Importantly, this 
subset constituted around 70% of patients in the stu-
dy group and with a standard clinical criteria most of 
them would be exposed to unnecessary chemothera-
py. Whereas first-generation signatures (MammaPrint, 
OncotypeDX, Genomic Grade Index) reliably predict 
a five year prognosis, newer assays (Breast Cancer In-
dex, EndoPredict, PAM50) are also prognostic for late 
recurrence, enabling patient survival to be prolonged 
by adjuvant endocrine therapy [54].

Unfortunately, multigene signatures have several 
limitations. First, their prognostic utility is restricted 
to ER-positive, T1-2 breast cancers with 0 to 3 positi-
ve lymph nodes. Since these test use ER-related and 
proliferation genes, they assign all ER-negative tumors 
to a high-risk category [58]. There is also a 20-30% di-
scordance between particular multigene signatures in 
predicting the risk for individual patients [54, 56-58]. 
Finally, molecular assays do not indicate the most ef-
fective chemotherapy regimen and do not allow for 
the development of new strategies in high risk groups. 
Despite these shortcomings, prognostic signatures 
provide useful information and have been adopted 
by the American Society of Clinical Oncology (ASCO), 
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between 1975 and 2002, the 10-year survival in the 
USA increased from 65% to 83% [67]. In consequence, 
the mortality from breast cancer in the USA decreased 
by 34% from 1975 to 2010, despite an incidence in-
crease by 30% [67]. However, several major challenges 
remain for the current and next generation of physi-
cians and scientists [68]. There are still no effective 
primary prevention measures. Tamoxifen, raloxifene 
and aromatase inhibitors (exemestane, anastrozole) 
have proved to decrease breast cancer risk [69-72]. 
However, they prevent only ER-positive breast cancers, 
do not provide survival benefit and carry considerable 
toxicity with long-term administration. Lifestyle chan-
ges to prevent breast cancer are not feasible for many 
women and their impact on survival can be modest. 

Mammography has a proven role in screening for 
breast cancer, but it may also result in overdiagnosis 
and overtreatment of screened populations [73]. The-
refore, there is a need for new tools to customize this 
method considering its benefits and perceived harms. 

Systemic therapies sometimes fail to target micro-
metastases in the adjuvant setting and resistance to 
these drugs is a problem. An excellent diagnostic tool 
is a “liquid biopsy” exploiting circulating tumor cells or 
circulating tumor DNA or microRNA from a patient's 
blood. It can address monitoring of minimal residual 
disease after treatment, or even inform the selection 
of the most effective therapies [74-76]. 

Targeted biologic therapy has significantly trans-
formed oncology, however triple-negative breast can-
cer seems to lack any target and there has been little 
progress in this worst prognosis entity [50]. Anti-HER2 
therapies have upgraded the outcomes of HER2-po-
sitive breast cancer to the level of less aggressive 
subtypes, but the standard monoclonal antibody tre-
atment does not combat occult brain disease which 
is particularly common in this subset. Recently, this 
shortcoming has partly been overcome though, with 
small molecule HER2 tyrosine kinase inhibitors [77].
Breast cancer treatment is moving towards a more 
individualized approach. Figure 1 outlines five major 
factors influencing the selection of systemic therapies 
for breast cancer patients. Better prediction of tumor 
response has led to the evolution of adjuvant syste-
mic therapies from being based on the level-of-risk to 
considering first the expected response to treatment 
(Figure 2). Future endeavors hope to further develop 
tailored treatment based on patient pharmacogeno-
mics and tumor molecular features. One approach 
that holds promise in the field of personalized therapy 
are immune and microenvironment gene signatures 
which, as opposed to current multigene assays, can 
predict prognosis also in ER-negative tumors [78-79]. 

TREATMENT SELECTION

Risk of relapse Expected benefit

Comorbidities Toxicities

Tumor phenotype (ER, PR, HER-2, Ki-67)

Figure 1. Major factors influencing the selection of sys-

temic therapies for primary breast cancer

Abbreviations: ER – estrogen receptor; PR – progeste-

rone receptor; HER-2 – human epidermal growth fac-

tor receptor 2

Figure 2. Conceptual evolution in selecting 

adjuvant systemic therapies
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Conclusions

The paradigms in the treatment of breast cancer 
have changed considerably over the past century. To-
day, a more conservative surgery improves a breast 
cancer patients’ quality of life without compromising 
survival and the axillary lymph nodes may be saved 
in a majority of patients. Adjuvant systemic therapies 
have reduced mortality and transformed breast can-
cer from a terminal illness into a curable one. Mole-
cular biology has elucidated disease mechanisms and 
led to the development of truly personalized medicine. 
Despite these advances, there are still several challen-
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