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Editorial

up-to-date for the time being, at least until the next (17th) St. Gallen
International Breast Cancer Consensus Conference, March 17–21,
2021 in Vienna.

rp

er
so

na

lu

With more than 3.000 participants from over 100 countries in
the world, the bi-annual St. Gallen International Breast Cancer
Consensus Conference is one of the largest global scientific gatherings of the breast cancer community. Held for the third time in
Vienna, Austria, this year’s 16th St. Gallen International Breast
Cancer Conference (SGIBCC2019) again presented the latest cuttingedge research with the focus of defining the contemporary
standard of care – in preparation of the traditional Saturday Panel
discussion and voting. Based on the scientific knowledge and clinical
expertise of 56 distinguished experts from all continents, this
enterprise aims at translating recent clinical trial results into
everyday practice – this year with particular emphasis on defining
the magnitude (or its estimates) of individual patient benefit,
especially in situations of modest average gains in clinical trials.
Also, patient empowerment and therapy selection were important
matters of discussion.
In this supplement of THE BREAST journal, 26 of the most
renowned experts in their respective fields outline their view of the
state-of-the art in a variety of subthemes in the biology and treatment
of early breast cancer – from the latest achievements in surgery and
radiotherapy to biomarkers, systemic therapy, and considerations of
special patient groups. Given the extraordinary level of scientific
excellence assembled in the authorship of this Supplement, it is likely
that the information conveyed to readers herein with be reasonably
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A B S T R A C T

Breast cancer

One of the most important news occurring in axillary surgery since the last St. Gallen Conference in 2017 was the
publication of confirmatory long-term follow-up data from several large multicenter phase III non-inferiority
trials, which clearly showed that axillary dissection can no longer be considered standard practice in all nodepositive patients. Several groups are currently investigating the most accurate method to reliably determine
axillary pathologic complete response after neoadjuvant chemotherapy to omit axillary dissection in initially
clinically node-positive patients. Concerning breast surgery, after publication of the broadly endorsed definition
of “no ink on tumor” for negative margins, many groups have demonstrated the expected decrease in re-excision
rates. More evidence is needed to evaluate the adequate margin width in the neoadjuvant setting, where an
increased risk of local recurrence has been shown compared to the upfront surgery setting. Besides narrowing
margins and local down-staging by neoadjuvant therapy, another potential way to increase breast conservation
rates is eliminating multicentricity as a contraindication. This requires high-volume tumorectomy, which has
been demonstrated to be oncologically safe in a large series of oncoplastic reduction mammoplasties. However,
the beneficial impact of oncoplastic surgery on quality of life still needs to be confirmed. The Oncoplastic Breast
Consortium (OPBC) is a rapidly growing global non-profit organization that is committed to identifying and
prioritizing knowledge gaps in this field. Currently, the OPBC focuses on research projects that address the major
heterogeneity in breast reconstruction practice after nipple-sparing mastectomy.
© 2019 Elsevier Ltd. All rights reserved.

Breast surgery
Axillary surgery

Highlights
•

Remaining indications for performing axillary lymph node
dissection
De-escalating axillary surgery: ongoing trials
Oncoplastic Breast Consortium (OPBC)
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Neoadjuvant chemotherapy
Oncoplastic surgery
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K E Y W O R D S

News in surgery of the axilla

Clinically node-negative, sentinel node-positive breast cancer
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We now have ten-year follow-up data of two large multicenter noninferiority trials that randomized clinically node-negative patients
with limited disease in the sentinel nodes into a control arm with
axillary lymph node dissection (ALND) versus an experimental arm
with no axillary-specific treatment as per protocol [1,2]. In both
studies, axillary recurrence rates remained <2% in both groups, with
no statistically significant differences in disease-free surgery (DFS) or
overall survival (OS), making a strong point that ALND can no longer

*Corresponding author at: Prof. Dr. med Walter P. Weber, Breast Center, University Hospital
Basel, Spitalstrasse 21, CH-4031 Basel, Switzerland. Tel.: +4161 3287525.
†
E-mail address: walter.weber@usb.ch (W. P. Weber)
This article was published as part of a supplement sponsored by St. Gallen Oncology
Conferences.
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be considered standard practice on all node-positive patients [1–5].
The ACOSOG Z0011 trial had some limitations, but enough time has
now passed to answer the question if the Z0011 protocol works in
clinical practice. The breast service at Memorial Sloan Kettering
Cancer Center (MSKCC) started to treat patients according to the
Z0011 protocol in August 2010. A total of 793 consecutive patients
with cT1-2N0 invasive breast cancers undergoing breast-conserving
therapy (BCT) and having one or two positive sentinel lymph nodes
(SLNs) by routine hematoxylin and eosin staining were included in a
prospective study [6]. Indications for ALND were prospectively
defined as metastases in three or more SLNs, matted nodes, or
nodes with gross extracapsular extension, and resulted in 16% of
patients undergoing ALND, with no difference by age or biological
subtype. At a median follow-up of 29 months, there was not a single
case of isolated axillary recurrence in this study. Even though 21% of
patients with known radiotherapy (RT) fields received treatment in
the prone position, where there is virtually no coverage of the axilla,
there was no difference in nodal recurrence rates by type of radiation.
The authors concluded that excellent regional control can be
obtained in most of these patients without axillary-specific treatment including dissection or irradiation. Many studies have estimated the impact of ACOSOG Z0011 on clinical practice. A recent large
multicenter registry study from Germany, including 13′741 Z0011eligible patients from 2008 to 2015, showed that the use of ALND
dropped from 95% to 47% [7].
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Clinically node-positive breast cancer
Ongoing trials
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Clinically node-positive patients undergo ALND in the event of
residual nodal disease after neoadjuvant chemotherapy (NACT) and
in the setting of upfront surgery. The former may change in the near
future since the first results of the Alliance A011202 trial
(NCT01901094) will be available in 2024. In this large phase III noninferiority trial, clinically node-positive patients who down-staged to
clinically node-negative after NACT and have residual micro- or
macrometastatic disease in the SLNs are randomized into ALND vs.
axillary RT in the context of extended regional nodal irradiation. The
most progressive randomized control trial (RCT), assessing the
management of the axilla in this setting is the multicentric TAXIS
trial (NCT03513614) [10]. By introducing a new surgical concept
called tailored axillary surgery (TAS), TAXIS challenges the paradigm
that palpable axillary disease requires NACT irrespective of biology or
ALND in the upfront surgery setting. This procedure to selectively
remove positive lymph nodes tailors the extent of surgery to the
extent of disease. This trial hypothesizes that TAS in combination with
axillary RT is non-inferior to ALND in the context of extended regional
RT in clinically node-positive patients. Patients undergoing NACT are
randomized if they remain node-positive at the end of neoadjuvant
treatment. TAXIS will recruit 1500 patients and will follow them for
10 years.
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The current indications for performing ALND are shown in Table 1a
and 1b. ALND is still considered standard practice in clinically nodepositive patients with palpable disease in the axilla in the setting of
upfront surgery, in patients with residual nodal disease after
neoadjuvant therapy or with locally advanced breast cancer, and in
sentinel node-positive patients undergoing mastectomy. The latter,
however, only applies if radiation oncologists do not indicate postmastectomy radiotherapy (PMRT) based on sentinel node-positivity,
or if this does not include the regional lymph nodes. If PMRT is
performed, patients with positive SLNs undergoing mastectomy do
not require ALND. This has been shown by the EORTC AMAROS trial,
which randomized clinically node-negative patients with positive
SLNs into a control group with ALND and an experimental group with
axillary RT [8]. In contrast to the Z0011 trial, in which only BCT was
allowed, 17% of patients in AMAROS underwent mastectomy. At a
median follow-up of 6.1 years, axillary recurrence occurred in four of
744 patients (0.5%) in the ALND group vs. seven in 681 (1.0%) in the RT
group. Importantly, the rate of lymphedema was significantly and
relevantly reduced by the use of RT vs. ALND.
A relatively common clinical scenario is the patient with nonpalpable disease in the axilla detected by ultrasound. A meta-analysis
of six studies including 4271 node-positive patients undergoing
ALND showed that 43% of patients with disease detected by
ultrasound had only one or two positive lymph nodes [9]. We don’t
know how many such patients were included in Z0011 because
preoperative ultrasound was not routinely performed.
Ongoing trials will show if it is safe to omit axillary treatment in
clinically node-negative patients with cT3 tumors or more than two
positive SLNs. In the ERC/IPC 2012-001 from France, that will
complete recruitment in spring 2019, clinically-node negative

patients are randomized into ALND vs. no ALND irrespective of the
number of positive SLNs (NCT01717131). In the SENOMAC trial from
Sweden, that has already recruited over a third of its target accrual,
patients with cT1-3 N0 or iN1 tumors and one or two positive SLNs,
are randomized into ALND vs. no axillary treatment (NCT02240472).
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Remaining indications for axillary dissection
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Clinical setting

Patient undergoing NACT
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Table 1a
Current indications for performing axillary lymph node dissection after neoadjuvant chemotherapy.
Nodal status
(pre-NACT→ post-NACT)

Surgical technique to stage the axilla after NACT

Indications for ALND

cN0

SLNB

cN1→ cN0

SLNB (if ≥ 3 negative SLNs are identified)*
alternatively: TAD (selective localization and removal of the
initially, biopsy-confirmed, metastatic lymph node
combined with the removal of the sentinel nodes)**
ALND

Any residual nodal disease irrespective of size or
1
method of detection
2
<3 negative SLNs are identified . Any residual nodal
1
disease irrespective of size or method of detection

cN1→ cN1

rp

NACT: neoadjuvant chemotherapy; SLNB: sentinel lymph node biopsy; SLNs: sentinel lymph nodes; ALND: axillary lymph node dissection; TAD: targeted axillary dissection.
*In this setting it is recommended to perform sentinel lymph node biopsy with double tracer (technetium-99 m sulfur colloid and isosulfan blue dye).
**If TAD is performed, it is encouraged to perform a radiograph of the nodal specimen to confirm that the initially metastatic node (containing the clip) has been removed.
1
Some centers omit ALND in case of isolated tumor cells.
2
Some centers omit ALND when <3 negative SLNs are removed, if the biopsy-confirmed initially metastatic lymph node is clipped, its removal is documented by a radiograph and it is tumor-free.

Fo

Table 1b
Current indications for performing axillary lymph node dissection in the upfront surgery setting.
Clinical setting

Type of surgery

Nodal status

Surgical technique to
stage the axilla

Indications for ALND

Upfront surgery

BCS + WBR

cN0

SLNB*

≥3 positive SLNs (at least one with macrometastasis)
1
or gross extranodal extension

Mastectomy

cN1**
cN0

ALND
SLNB

cN1**

ALND

SLN-macrometastasis if no postmastectomy
radiotherapy is planned

ALND: axillary lymph node dissection; BCS: breast conserving surgery; WBR: whole breast radiotherapy; SLNB: sentinel lymph node biopsy; SLN: sentinel lymph node.
*In case of 1 or 2 metastases and risk factors for further nodal involvement (microscopic extracapsular tumor extension, tumor > 3 cm, and lymphovascular invasion) nodal irradiation should be
considered.
**Consider neoadjuvant chemotherapy as the only method to omit ALND in case of nodal pathologic complete response.
1
Pathological quantification of microscopic extranodal extension may help surgeons to individualize ALND indications.
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Available evidence

News in surgery of the breast

At present, the only way for clinically-node positive patients to
forego ALND is through NACT by achieving nodal pathologic
complete response. The SLN procedure has been introduced as a
method to predict nodal response. The performance characteristics
of the SLN procedure in this setting were assessed in a metaanalysis of 13 studies including 1921 clinically node-positive
patients who underwent the SLN procedure followed by back-up
ALND after NACT [11]. The pooled estimate of identification rate was
90% (95% CI 87-93) and the false-negative rate (FNR) was 14% (11%–
17%). In a subgroup analysis, the FNR was reduced to 11% (6–15)
with use of dual mapping and, importantly, to 4% (0–9) with
removal of three or more nodes. In a single institution retrospective
analysis of a prospective database at Mayo Clinic, the use of SLN
surgery (± ALND) increased from 28% in 2009 to 86% in 2017
( p < 0.001) in this setting, while the performance of ALND
decreased from 100% in 2009 to 38% in 2017 ( p < 0.001) [12].
Similar results have been shown in a retrospective analysis of a
prospectively maintained database from MSKCC [13]. Another
recent meta-analysis included 2217 patients from 20 studies, 17 of
which focused on the SLN procedure [14]. However, one prospective
single-center study investigated the role of localization of the
initially positive lymph node with an iodine 125 seed before NACT
and selective removal at the time of surgery [15]. Even though the
SLNs were not removed, the FNR was only 7%. The next logical step
was to combine the selective removal of the initially biopsied node
with the SLN procedure, as investigated by two studies in the latter
meta-analysis [16,17]. In both studies, the initially positive lymph
node was marked with a clip and selectively removed after NACT by
using either a radioactive seed or ultrasound, with a FNR of 2%–4%.
Even though these results are very promising and the concept has
been introduced at selected centers, confirmatory results are
needed prior to broad implementation in clinical practice [18].
The ongoing prospective Dutch multicenter RISAS trial will provide
further evidence to address existing uncertainties [19]. Another
concern both for the oncological safety and for a medical legal
aspect in case of regional recurrence is related to the risk of leaving
behind the clip positioned before NACT during the axillary
procedure. The surgical detection rate of the clip-labeled target
lymph node is the primary endpoint of a prospective multicenter
registry study from Germany, which has completed recruitment
(NCT03102307).
Many centers have started to use SLN in patients with initially
clinically node-positive breast cancer that converts to clinically nodenegative after NACT. However, the decisive question is if the FNR in
the neoadjuvant setting is more relevant compared to the upfront
surgery setting in terms of regional recurrence. The evidence on this
question is scarce. The series with the longest follow-up to date
included 70 initially clinically node-positive patients who turned
clinically node-negative after NACT, and in whom ALND was omitted
based on negative SLNs. Even though they used a single tracer
technique with 99Tc labeled colloid and isolated tumor cells were
considered SLN-negative, there was not a single axillary recurrence at
a median follow-up of 61 months [20].
One final question that we address in this report is related to the
need of ALND in patients with residual micrometastatic disease in
the SLN after NACT. In a series of 702 patients with positive SLNs
after NACT, additional positive nodes were retrieved by ALND in
59% of patients with SLN micrometastases compared to 63% of
patients with SLN macrometastases [21]. Therefore, in contrast to
the adjuvant setting, low volume disease in the SLN after NACT is
not an indicator of a low likelihood of having additional positive
nodes. Thus, ALND should remain standard practice in these
patients.

Margins

on
ly

The debate on what constitutes a negative margin for invasive cancer
in BCT in the adjuvant setting has been closed after publication of the
metaanalysis of Moran et al. in 2014. The authors showed that, while
positive margins still matter, there is no evidence that larger margins
than “no ink on tumor” further decrease the risk of local recurrence
[22,23]. Enough time has passed to address the question of the
impact of this SSO-ASTRO-ASCO-ASBS endorsed guideline on clinical
practice. A recent meta-analysis of seven studies showed that the
pooled re-excision prevalence was 22% (95% CI 20–23) before and 14%
(95% CI 12–15) after guideline publication [24]. With the preguideline re-excision prevalence used as the reference value, the
associated odds ratio for re-excision after the guideline was 0.65 (CI
0.54–0.78; p < 0.0001).
Risk of local recurrence after neoadjuvant chemotherapy
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Much less evidence exists to address the question of an adequate
margin for invasive cancer in BCT in the neoadjuvant setting. One
recent retrospective study suggested that “no ink on tumor” may
suffice for selected patients, based on a high 5-year rate of local
recurrence-free survival of 96.3% (CI 94.0–98.6), with no difference
for ≤2 vs >2 mm margins [25]. The necessity of minimizing local
recurrence risk after NACT has been shown by the recent individual
patient data meta-analysis of the Early Breast Cancer Trialists’
Collaborative Group that included 4’756 patients from ten randomized trials [26]. This study showed a 15-year local recurrence risk of
21.4% in the neoadjuvant group compared to 15.9% ( p = 0.0001) in the
adjuvant setting at a median follow-up of 9 years (interquartile range
5–14). While it is unclear if these results still apply to today’s patients,
treated with current therapy modalities, they certainly call for
caution. The question if patients at high risk of local recurrence
after NACT can be identified has been addressed by another recent
meta-analysis [27]. It included 4125 patients undergoing NACT
followed by BCT in 9 studies. The 10-year local recurrence rate was
6.5%. The factors independently associated with increased risk were
estrogen-receptor negative subtype, clinically node-positive tumor,
more than 3 positive nodes on final pathology and residual axillary
disease after NACT. The authors calculated a predictive score for local
recurrence that divides patients in three groups: a low-risk,
intermediate-risk, and high-risk group with 10-year local recurrence
rates of 4.0%, 7.9%, and 20.4%, respectively. The clinical consequences
of this method of risk stratification, however, remain to be seen.
Multicentric tumors
Local down-staging by use of NACT is one way to increase the rate
of successful breast conservation. Another way is to decrease the
number of contraindications. One such potential contraindication to
breast conservation that was intensively discussed at prior St. Gallen
meetings is multicentricity, also known as multiple ipsilateral breast
cancer. During the St. Gallen Consensus Conference 2017, 61% of
panelists recommended BCT for these patients as long as margins
are clear and radiation can be performed. Recent prospective
non-randomized data from ACOSOG Z11102 support that recommendation [28]. In this study, 198 patients were prospectively followed,
96% had two tumor foci, and the median size of the largest tumor
focus ways 1.5 cm (range 0.1–7.0). BCT was successfully performed in
a single operation in 67.6% of cases, and the rate of conversion to
mastectomy was as low as 7.1% (95% CI 3.9%–10.6%). Based on these
results, we can conclude that BCT is feasible in many of these patients.
However, before large-volume tumorectomy can be considered
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Conclusions

De-escalation of axillary surgery will continue after publication of
several phase III trials with extended follow-up showing that is safe
to omit ALND in many clinically node-negative patients with limited
disease in the SLNs. Additionally, several strategies are currently
being pursued in clinical research and practice to omit ALND in
clinically node-positive patients. The trend toward de-escalation of
breast surgery is reflected by efforts to narrow margin widths, local
down-staging by neoadjuvant therapy and eliminate multicentricity
as contraindication. Large-volume oncoplastic procedures are
oncologically safe and obtain good aesthetic results, but their
impact on quality of life remains to be confirmed. This is part of the
mission of the Oncoplastic Breast Consortium, which has committed
to establish safe and effective oncoplastic surgery in routine patient
care.
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One way to perform large-volume resections and still achieve good
aesthetic results is by combining plastic and oncologic surgery
techniques, a concept called oncoplastic surgery. Clough et al.
published the largest prospective series of 350 oncoplastic reduction
mammoplasties that were performed between 2004 and 2016 [29].
The mean tumor size was 26 mm (range 0–180 mm). The positive
margin rate was low with 12.6%, as was the complication rate with
8.9%. The latter induced a delay in adjuvant treatment in 4.6% of
patients. This may become relevant in the individual patient, so close
follow-up and treatment of these complications is certainly advisable. However, the cumulative 5-year incidences for local, regional,
and distant recurrences were 2.2%, 1.1%, and 12.4%, respectively. The
authors concluded that the procedure is safe and can be used as an
alternative to mastectomy.
The most important open question in the field of oncoplastic
surgery is related to its effectiveness in improving quality of life
by achieving better aesthetic results. In 2017 in Basel, Switzerland,
an expert consensus panel from the German-speaking societies of
senology recommended strongly that outcome assessment of
oncoplastic surgery should be standardized in clinical practice to
include patient-reported outcome measurements [30].
To further advance in the field on oncoplastic surgery, we have
founded the Oncoplastic Breast consortium (OPBC) in 2017 [31].
The OPBC is a rapidly growing global non-profit organization that
specified its mission to establish oncoplastic surgery in routine
patient care. As of 17 March 2019, the OPBC consisted of 333
specialized breast surgeons from gynecology, surgery and plastic
surgery, as well as 33 patient advocates from 18 countries. The OPBC
keeps bringing experts together to address controversial topics in the
field, develops research projects and promotes high-level education.
One of the main conclusions of the 2018 OPBC consensus conference
in Basel on nipple sparing mastectomy (NSM) with immediate
reconstruction was that there is major heterogeneity in breast
reconstruction practice after NSM [32]. This is not a situation where
clinical equipoise facilitates the development of trial protocols,
because most experts have clear preferences and opinions are very
strong. They are, however, equally discordant, so we do not know the
best techniques for breast reconstruction after NSM: autologous vs.
implants? Pre- vs. subpectoral position of implants? One- vs. twostage implant-based breast reconstruction? Mesh vs. no mesh, or
biological vs. synthetic mesh? As a consequence of this, the OPBC-02
PREPEC study protocol was developed, and has been submitted for
funding. In this pragmatic trial, 372 patients will be randomized into
pre- vs. subpectoral implant-based breast reconstruction after NSM.
The next OPBC consensus conference is planned in September 2019
to identify and prioritize knowledge gaps in this field and
recommend ways to best address them. The Delphi-process in
preparation of this conference will include all OPBC surgeons and
patient advocates.
The importance of generating high-level evidence in the field of
oncoplastic surgery has been shown by a small but very important
study from the Netherlands, the BRIOS trial [33,34]. From 2013 to
2015, a total of 142 patients were randomized after skin-sparing
mastectomy into an experimental group with modern one-stage
(direct-to-implant) implant-based breast reconstruction with the use
of acellular dermal matrix (ADM: Strattice, LifeCell, Branchburg, NJ,
USA) vs. conventional two-stage (expander-to-implant) reconstruction. Quality of life has been assessed by the BREAST-Q questionnaire
at least one year after implant placement, which revealed no
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Oncoplastic surgery

differences in any of the five domains. Even more importantly,
serious safety issues occurred in the one-stage group with more
complications (odds ratio (OR) 3.81; 2.67–5.43, p < 0.001), reoperation (OR 3.38; 2.10–5.45, p < 0.001) and losses of implant or
ADM or both (OR 8.80; 8.24–9.40, p < 0.001). Several experts
suspected insufficient expertise and experience with the newer
concept of one-stage reconstruction with use of ADM in this study.
However, it clearly highlights the fact that we need to be very careful
when implementing new surgical techniques or devices in clinical
practice and minimize harm to our patients.
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standard practice in these patients, we have to await the pre-specified
secondary endpoints cosmetic outcomes, radiation toxicity and
oncological safety.
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Systemic treatment of patients with early breast cancer: recent updates
and state of the art
Rafael Caparica*,†, Mariana Brandão and Martine Piccart
Institut Jules Bordet, Université Libre de Bruxelles, Brussels, Belgium

A B S T R A C T

Early breast cancer

This review is focused on trials generating results that potentially impacted clinical practice since the 2017
St. Gallen Consensus; the most impactful trial was KATHERINE, which revealed a 11.3% absolute iDFS
improvement with T-DM1 (compared to trastuzumab) in HER2-positive breast cancer patients who presented
invasive residual disease following neoadjuvant treatment. These results, if reinforced by a subsequent overall
survival benefit, will consolidate neoadjuvant treatment as the standard-of-care for most HER2-positive breast
cancer patients. The addition of pertuzumab to adjuvant trastuzumab (APHINITY) or extending anti-HER2
therapy with 1 year of neratinib (ExteNET) also improved outcomes, but in a more modest way. In triple-negative
early breast cancer patients presenting invasive residual disease after neoadjuvant chemotherapy, the CREATE-X
trial demonstrated the benefit of post-neoadjuvant capecitabine. In patients with luminal tumours, updated
results of the SOFT/TEXT trials confirmed the benefit of aromatase inhibitors plus ovarian suppression in highrisk premenopausal patients, and the 12-year results of the BIG1–98 trial demonstrated a sustained trend in
favour of letrozole compared to tamoxifen in the adjuvant treatment of postmenopausal patients. The TAILOR-X
study showed that, overall, patients with an intermediate recurrence risk score (11–25) in the OncotypeDX 21gene assay did not benefit from adjuvant chemotherapy. A meta-analysis performed by the EBCTCG
demonstrated that extended adjuvant aromatase inhibitors modestly reduced breast cancer recurrence risks,
with a more pronounced benefit in patients previously treated with tamoxifen. Finally, an EBCTCG meta-analysis
including patients with all breast cancer subtypes showed that dose-dense chemotherapy improved survival
when compared to conventionally-timed chemotherapy.
© 2019 Elsevier Ltd. All rights reserved.
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Surgery represents the standard-of-care definitive loco-regional
treatment for early breast cancer patients [1]. Systemic treatments
can be administered before (neoadjuvant) or after (adjuvant or postneoadjuvant) surgery with the objective of preventing recurrences
and treating micro-metastatic disease [2]. Since the last St. Gallen
Consensus in 2017 [3], there were relevant updates concerning the
systemic treatment of early breast cancer patients. The present
review aims to depict the most relevant data published or presented
during the last 2 years on this topic. The main focus of this manuscript
is to discuss trials that provided results with the potential to modify
clinical practice, although other recent studies of scientific interest
will also be discussed.
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Adjuvant treatment
Since the pivotal study from Bonadonna et al., which demonstrated
a survival improvement yielded by the administration of chemotherapy after surgery, the adjuvant setting has been the classic
backbone for the development and investigation of systemic
therapies for early breast cancer patients [4,5]. The most relevant
studies evaluating adjuvant treatment that reported results or
updates in the last 2 years will be discussed below, divided by
breast cancer subtypes.
All subtypes
The EBCTCG meta-analysis including 37,298 early breast cancer
patients comparing adjuvant standard chemotherapy (every 3
weeks in most cases) to dose-dense regimens has recently been
published [6]. Dose-dense chemotherapy provided a significant
reduction in the risk of recurrence (10-year recurrence risk rate
ratio [RR] 0.86, 95% confidence interval [CI] 0.82–0.89) and
mortality (10-year breast cancer mortality RR 0.87; 95% CI, 0.83–
0.91). The benefit was present in all analysed subgroups. Of note,
many of the studies included in the meta-analysis were conducted
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The treatment of HER2-positive patients has evolved significantly in
the last 2 years. In terms of adjuvant treatment, the ExteNET trial
showed that the extension of anti-HER2 treatment with neratinib
after 1 year of trastuzumab improves iDFS (90.2% with neratinib vs.
87.7% with placebo; HR 0.73; 95% CI, 0.57–0.92), especially in ERpositive patients (5-year iDFS: 91.2% with neratinib vs. 86.8% with
placebo; HR 0.60; 95% CI, 0.43–0.83) [18]. The APHINITY trial has
demonstrated a modest improvement in 3-year iDFS with the
addition of pertuzumab to the standard 1-year trastuzumab in the
adjuvant setting (94.1% with pertuzumab vs. 93.2% with placebo, HR
0.81; 95% CI, 0.66–1.00; p = 0.045). A higher degree of benefit was
observed in the node-positive subgroup (92.0% with pertuzumab vs.
90.2% with placebo, HR 0.77; 95% CI, 0.62–0.96) [19]. Cardiac toxicity
was not increased with pertuzumab, although higher rates of
diarrhoea were observed in comparison to placebo (9.8% vs. 3.7%).
The management of patients who achieve a pathologic complete
response (pCR) under neoadjuvant chemotherapy plus dual HER2
blockade is still an open question, as these patients were not
included in the APHINITY trial. In the adjuvant treatment of HER2positive patients, the extended treatment with neratinib or the dual
HER2 blockade with trastuzumab/pertuzumab are both valid options
particularly for node-positive disease, although the potential benefits
and risks of both strategies need to be considered and discussed with
patients.
Since 2017, four trials reported new or updated results on the
reduction of trastuzumab adjuvant treatment duration [20,21]. The
SOLD and Short-HER trials compared 9 weeks vs. 12 months of
trastuzumab and, in both cases, non-inferiority was not demonstrated [20,21]. The final results from PHARE (12 vs. 6 months of
trastuzumab), at a median follow-up of 7.5 years, also did not prove
non-inferiority [22]. On the other hand, the PERSEPHONE trial tested
the same hypothesis but the non-inferiority margin was more
permissive: a HR of up to 1.29 for DFS was accepted as non-inferior
[23]. The non-inferiority of 6-month trastuzumab was demonstrated
in terms of DFS (HR 1.07; 90% CI 0.93–1.24). Nevertheless, in subgroup
analysis, patients with ER-negative disease and those who received
an anthracycline-free adjuvant chemotherapy regimen seemed to
benefit more from 12-month trastuzumab. A recent meta-analysis
combining 5 randomized trials with 11,383 patients showed that,
overall, 12 months of trastuzumab led to better DFS ( pooled HR 1.21;
95% CI, 1.09–1.36) and OS ( pooled HR 1.23; 95% CI, 1.07–1.42) as
compared to shorter treatment durations [24]. This effect was more
pronounced in the subgroup of patients with node-positive disease
(for DFS: HR 1.37; 95% CI, 1.17–1.60) or ER-negative tumours (for DFS:
HR 1.33; 95% CI, 1.15–1.54). For these reasons, endorsement of the 6
month trastuzumab duration is not getting wide support [25].
Updated results from the APT trial (in which patients having small,
node-negative tumours received 12 weeks of paclitaxel and 12
months of trastuzumab) showed a 7-year iDFS of 94.6% for ERpositive patients, suggesting that treatment de-escalation may be
very safe in this subgroup. Conversely, the 90.7% 7-year iDFS rate for
ER-negative patients with its lower limit of the 95% confidence
interval at 84.6% suggests that these individuals may benefit from a
more intensive chemotherapy regimen [26]. Finally, the NSABP B-47
trial showed no benefit of adding trastuzumab to standard adjuvant
chemotherapy in HER2-low breast cancer, ending a long-standing
question [27].
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before the “trastuzumab era”, and most patients (85%) were nodepositive. These results have consolidated the dose-dense schedule
as the preferred option in the adjuvant treatment of early breast
cancer patients, although in node-negative and HER2-positive
patients the benefit of this strategy might be of small magnitude
(Table 1).
Another EBCTCG meta-analysis comparing neoadjuvant vs. adjuvant chemotherapy (n = 4,756) demonstrated similar rates of distant
recurrence, breast cancer mortality and all-cause mortality with both
strategies. Notably, an increased risk of local recurrences was
observed with neoadjuvant chemotherapy (RR 1.37; 95% CI, 1.17–
1.61), however these results should be interpreted with caution, as
substantial improvements have occurred in terms of staging, surgery,
radiotherapy, and systemic treatment since these studies were
conducted (Table 2) [2,7].
Since the pivotal study from Jones et al., which demonstrated the
superiority of 4 cycles of docetaxel and cyclophosphamide (TC) in
comparison to 4 cycles of doxorubicin and cyclophosphamide in
the adjuvant treatment of early breast cancer patients, the
possibility of de-escalating treatment by omitting anthracyclines
has been debated [8]. The ABC trials (n = 4,242) evaluated the noninferiority of 6 cycles of TC in comparison to an anthracycline and
taxane-based regimen, with an accepted upper limit for the hazard
ratio of 1.18 for non-inferiority [9]. The non-inferiority of TC in
terms of invasive disease-free survival (iDFS) was not demonstrated
(3.3 years median follow-up, hazard ratio [HR] 1.20; 95% CI, 0.97–
1.49). Previous studies also failed to demonstrate the noninferiority of 6 cycles of TC in comparison to anthracycline and
taxane-based regimens [10,11]. In the PlanB trial (= 2,449), which
tested the same hypothesis and defined an absolute 4.4% margin
for non-inferiority, 6 cycles of TC were considered non-inferior to
an anthracycline and taxane-based regimen: 5-year disease-free
survival (DFS) of 89.9% vs. 89.6%, respectively (HR 1.004; 95% CI,
0.78–1.23) [12].
A recent meta-analysis including 12,741 patients and 7 trials
demonstrated no difference between 6 cycles of TC in comparison
to anthracycline and taxane-based chemotherapy in terms of DFS
and overall survival (OS) [13]. Subgroup analysis suggested that
patients with oestrogen receptor (ER)-negative tumours and N2disease may benefit from anthracycline-based chemotherapy.
Grade ≥3 toxicities were more frequent with anthracyclinebased regimens (emesis, mucositis, thrombocytopenia and neuropathy). These results suggest that TC is a valid option as an
anthracycline-free regimen in the adjuvant setting, especially in
patients with ER-positive/N0–1 disease. Notably, the ideal number
of TC cycles (4 or 6) is still debatable, and the subgroups of
patients who benefit more from anthracyclines are yet poorly
defined.
Other interesting studies also reported results in this period. The
tAnGo trial confirmed no benefit from the addition of gemcitabine
to anthracycline-taxane based adjuvant chemotherapy after a
median follow-up of 10 years [14]. The D-CARE trial evaluated
the addition of denosumab (120 mg monthly for 6 months, then
every 3 months for up to 5 years) to standard (neo)adjuvant
treatment in early breast cancer patients, but no benefit in terms of
bone-metastasis free survival, DFS or OS was observed with
denosumab [15]. The ABCSG-18 trial added denosumab (60 mg
every 6 months during the endocrine treatment) to aromatase
inhibitors in ER-positive postmenopausal patients, and has shown
an improvement in DFS, which was a secondary endpoint of the
study (HR 0.82; 95% CI, 0.69–0.98) [16]. Given the contradictory
results of the studies evaluating adjuvant denosumab and the
demonstrated benefit yielded by the addition of bisphosphonates
in postmenopausal patients, adjuvant denosumab should not be
recommended as a standard-of-care [17].
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Triple-negative breast cancer (TNBC)
The standard treatment for most early TNBC patients is the
administration of neoadjuvant chemotherapy followed by surgery
[3,28,29]. Nonetheless, in TNBC patients submitted to upfront

Capecitabine superior to
observation

286

1,486

HER2-negative early
BC with invasive
residual disease
after neoadjuvant
chemotherapy

HER2+ patients with
invasive residual
disease after
neoadjuvant
chemotherapy and
trastuzumab ±
pertuzumab

Postmenopausal
women with ER+
early BC

Node-negative,
HER2-/ER+ early
BC, with recurrence
score between 11
and 25.

6,711

22,192

Premenopausal
women with ER+
early BC

HER2+, stage I-IIIC
(later modified to
stage II–IIIc)

A. Chemotherapy + Trastuzumab (1 year) →
Placebo (1 year)
B. Chemotherapy + Trastuzumab (1 year) →
Neratinib (1 year)

A. Chemotherapy + Trastuzumab (1 year)
B. Chemotherapy + Trastuzumab + Pertuzumab
(1 year)

A. Dose-dense chemotherapy
B. Standard-schedule chemotherapy (every 3
weeks)

Treatment arms

lu

A. 5 years of endocrine treatment followed by
aromatase inhibitors
B. 5 years of endocrine treatment

A. Capecitabine
B. Observation

A. Trastuzumab × 14 cycles
B. T-DM1 × 14 cycles

RR 0.87 (95% CI, 0.83–0.91)

RR 0.86 (95% CI, 0.82–0.89)

A. 2.8%
B. 3.1%
RR 0.89, 95% CI, 0.77–1.02)

A. 91.7%
B. 89.6%

HR 0.76 (95% CI, 0.70–0.83)

5-year OS:
A. 78.8%
B. 70.3%
HR 0.52 (95% CI, 0.30–0.90)

A. 69.8%
B. 56.1%

HR 0.58 (95% CI, 0.39–0.87)

OS data immature (HR 0.70; 95% CI
0.47–1.05)

5-year DFS:

HR 0.50 (95% CI, 0.39–0.64)

A. 77.0%
B. 88.3%
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5-year breast cancer mortality

HR 1.08 (95% CI, 0.94–1.24)
5-year DFS:

3-y iDFS:

HR 0.99 (95% CI, 0.79–1.22)

A. 84.3%
B. 83.3%

A. 93.9%
B. 93.8%

A. 91.5%
B. 93.3% (HR 0.67, 95% CI
0.48–0.92)
C. 92.1% (HR = 0.85 95%
CI 0.62–1.15)
9-year iDFS

8-year OS:

A. 78.9%
B. 83.2% (HR 0.76, 95% CI 0.62–0.93)
C. 85.9% (HR 0.65, 95% CI 0.53–0.81)

N/A

8-year iDFS:

HR 0.73 (95% CI, 0.57–0.92)

A. 87.7%
B. 90.2%

HR 0.81 (95% CI, 0.66–1.00)
5-year iDFS:

A. 93.2%
B. 94.1%

3.8 year OS rates: N/A; interim HR
0.89 (95% CI, 0.66–1.21)

A. 22.1%
B. 24.8%

3-year iDFS:

10-year all-cause mortality:

A. 28.0%
B. 31.4%

OS

10-year recurrence risk:

DFS

Results

se

A. Chemotherapy + endocrine treatment
B. Endocrine treatment alone

A. Tamoxifen alone
B. Tamoxifen + ovarian suppression
C. AI + ovarian suppression
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HER2+, N+ or N0 with
a tumor ≥ 1.0 cm or
between 0.5–1 cm
if grade 3, ER- or
age < 35 years

Early BC

5,707

2,840

4,805

37,298

Inclusion criteria

*The CREATE-X study has enrolled 910 HER2-negative patients. Since the most significant results were observed in the TNBC subtype, the numbers and the survival rates displayed in the table refer to the subgroup analysis including only the TNBC patients.
Legend: BC: breast cancer; CI: confidence interval; DFS: disease-free survival; ER: endocrine-receptor; HER2: human epidermal growth factor receptor 2; HR: hazard ratio; iDFS: invasive disease-free survival; MA: meta-analysis; OS: overall survival; pCR:
pathologic complete response; RR: rate ratio; TNBC: triple-negative breast cancer; T-DM1: trastuzumab emtansine.

TNBC
CREATE-X [50]*

HER2 +
KATHERINE [51]

T-DM1 better than 1y
trastuzumab in non-pCR

Extended aromatase
inhibitors

Meta-analysis
EBCTCG [41]

Post-neoadjuvant setting

Chemotherapy not beneficial
for patients with
intermediate risk

Ovarian suppression +
AI superior to ovarian
suppression + tamoxifen

Benefit of extending
treatment with Neratinib

TAILOR-X [40]

Luminal
SOFT+TEXT [33]

ExteNET [18]

Benefit of adding
Pertuzumab to adjuvant
Trastuzumab

Meta-analysis of dose-dense
chemotherapy

All subtypes
EBCTCG metaanalysis [6]

HER2+
APHINITY [19]

Notes

Nb. pts
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Trial

Adjuvant setting

Table 1
Clinical trials with a clear impact on clinical practice.
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TC non-inferiority to anthracyclinebased chemotherapy was not
demonstrated (upper margin in the
interim analysis: 1.18)

TC was non-inferior to anthracycline
based chemotherapy

Non-inferiority of TC was not
demonstrated (upper margin: 1.53)

Tried to demonstrate that TC was
superior to EC-D.

No difference between TC and
anthracyclines plus taxanes.

No benefit of adding gemcitabine to
adjuvant chemotherapy

No benefit of adding denosumab to
(neo) adjuvant treatment

DFS was a secondary endpoint

ABC trials [9]

PlanB [12]

HORG [10]

DBCG 07-READ [11]

MA anthracyclines
[13]

tAnGo [14]

D-CARE [15]

ABCSG-18 [16]

Meta-analysis of neoadjuvant vs.
adjuvant chemotherapy

All subtypes
EBCTCG metaanalysis [2]

Inclusion criteria

3,425

4,509

3,152

12,741

2,012

650

Early breast cancer, TOP2A normal and
≥1 high-risk factor: age < 39 years,
tumour size > 20mm, grade 2 or 3
ductal carcinoma, ER- (<10% positive),
and/or HER2+

HER2-negative, N+ BC (11% TNBC)

Postmenopausal patients, ER+, under
aromatase inhibitor therapy

Early BC all subtypes

Early BC, all subtypes

HER2-negative early BC

A. Neoadjuvant chemotherapy
B. Adjuvant chemotherapy (same regimen)

Treatment arms

se

B. Aromatase inhibitor + Placebo every 6 months

A. Aromatase inhibitor + Denosumab 60 mg
every 6 months

A. (neo) Adjuvant chemotherapy + placebo
B. (neo) Adjuvant chemotherapy + denosumab
120 mg each 3–4 weeks × 6 doses → every 3
months for up to 5 years

A. Epirubicin + Cyclophosphamide + Paclitaxel
B. Epirubicin +
Cyclophosphamide +
Paclitaxel + Gemcitabine

A. 6 cycles of docetaxel + cyclophosphamide
B. Sequential
anthracyclines + cyclophosphamide → taxane

A. Docetaxel + cyclophosphamide × 6
B. Epirubicin + cyclophosphamide × 3 →
Docetaxel × 3

A. Docetaxel + cyclophosphamide × 6
B. ddFEC × 4 → ddDocetaxel × 4

lu

A. Epirubicin + cyclophosphamide × 4 →
Docetaxel × 4
B. Docetaxel + cyclophosphamide × 6

A. Anthracycline + cyclophosphamide + taxane
B. Docetaxel + cyclophosphamide × 6

na

HER2-negative early BC (if ER-positive
tumour, pN0/N1: only eligible if
recurrence score by OncotypeDX
was > 11)

HER2-negative early BC

4,242

2,449

Early BC

4,756

er
so

Nb. pts

rp

Notes

Fo

Trial

Adjuvant setting

Table 2
Other clinical trials.

A. 94.5%
B. 94.7%
HR 0.937 (95% CI, 0.654–1.342)
OS rates: N/A
HR 1.158 (95% CI, 0.491–2.727)

A. 89.6%
B. 89.9%
HR 1.004 (95% CI, 0.776–1.229)
3-year DFS:

HR 0.82 (95% CI, 0.69–0.98)

A. 89.2%
B. 87.3%

5 year-DFS:

HR 0.97 (95% CI, 0.86–1.10)
Bone-metastasis free survival: HR 0.97
(95% CI, 0.82–1.14) DFS: HR 1.04 (95%
CI, 0.91–1.19)

A. 65%
B. 65%

10-year DFS:

HR 1.00 (95% CI, 0.78–1.28)
HR 1.08 (95% CI, 0.96–1.20)

on
ly

A. 93.9%
B. 94.8%
A. 88.3%
B. 87.9%

N/A

HR 1.02 (95% CI, 0.89–1.16)
OS: HR 1.03 (95% CI, 0.85–1.25)

A. 71%
B. 70%

10-year OS:

HR 1.15 (95% CI, 0.83–1.59)
HR 1.05 (95% CI, 0.90–1.22)

5-year OS:

HR 1.147 (95% CI, 0.716–1.839)
5-year DFS :

A. 91.1%
B. 89.5%

5-year OS:

RR 1.04 (95% CI, 0.94–1.15)
3.3-year OS (immature):
HR 1.08 (95% CI, 0.82–1.41)

A. 40.9%
B. 41.2%

RR 1.06 (95% CI, 0.95–1.18)
15-year all-cause mortality:

A. 34.4%
B. 33.7%

15-year breast cancer
mortality:

OS

HR 1.23 (95% CI, 1.01–1.50)
5-year DFS:

A. 90.7%
B. 88.2%

4-year iDFS:

RR 1.37 (95% CI, 1.17–1.61)
15-year distant recurrence:
A. 38.2%
B. 38.0%
RR 1.02 (95% CI, 0.92–1.14)

A. 21.4%
B. 15.9%

15-year local recurrence:

DFS

Results
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Long term FU results (12 years). Trend in
favour of letrozole

3 years of low-dose tamoxifen for in situ
carcinomas

BIG 1–98 trial [44]

TAM-01 [45]

No benefit of adding fulvestrant to AI

No benefit of adding Trastuzumab in
HER2-Low BC

NSABP B-47 [27]

Luminal
GEICAM/2006–10
[42]

Updated results, at 7 years of follow-up

APT [26]

No benefit of extended adjuvant
capecitabine

1 year of trastuzumab was better than a
shorter treatment duration in terms
of DFS and OS.

MA of trastuzumab
duration [24]

GEICAM / CIBOMA
[32]

Non-inferiority was proven (overall)
(pre-specified non-inferiority
margin: initial: 1.17 → after
modification: 1.29)

PERSEPHONE [23]

No benefit of adjuvant bevacizumab

Final results, median FU 7.5 y; noninferiority was not demonstrated
(pre-specified non-inferiority
margin: 1.15)

PHARE [22]

TNBC
BEATRICE [31]

Non-inferiority was not demonstrated
(pre-specified non-inferiority
margin: 1.29).

HER2+, N+ or N0 and: T > 2 cm, G3, LVI+,
Ki67 > 20%, age < 35 y or ER-

1,254

500

6,416

437

876

2,591

3,270

410
HER2 IHC1+ or 2+ and negative ISH
(HER2-Low IBC)

ER+ in situ BC

ER+/HER2- postmenopausal early BC

ER+/HER2- premenopausal early BC

TNBC early-stage after standard (neo)
adjuvant chemotherapy

TNBC pT1-T3 after surgery

A. Trastuzumab × 12 months
B. Trastuzumab × 6 months

A. Trastuzumab × 12 months
B. Trastuzumab × 6 months

A. AC/EC × 4 → Docetaxel × 4 + Trastuzumab 12
months
B. Docetaxel × 3 + T × 9 weeks → FEC × 3

A. Trastuzumab × 12 months
B. Trastuzumab × 9 weeks

lu

A. Tamoxifen
B. Placebo

A. Tamoxifen
B. Letrozole

A. Anastrozole × 5 years
B. Anastrozole × 5 years + Fulvestrant 250 mg × 3
years

A. Capecitabine × 8 cycles
B. Observation

A. Chemotherapy × 4 cycles
B. Chemotherapy × 4 cycles + bevacizumab (1
year)

se

A. AC × 4→ weekly Paclitaxel × 12 or TC × 6 cycles
B. (same CT) + Trastuzumab × 12 months

Paclitaxel 12 weeks + Trastuzumab 1 year

A. Trastuzumab × 12 months
B. Trastuzumab × shorter duration (9 weeks – 6
months)

na

HER2+, small tumours (≤3 cm), N0/Nmic

Early-stage HER2+ BC

Early-stage HER2+ BC with indication
for CT

4,088

11,383

Early-stage HER2+ BC

3,380

er
so

Early-stage HER2+ BC

2,174

rp

Fo

Non-inferiority was not demonstrated
(pre-specified non-inferiority
margin: 1.30).

Short-HER [21]

HER2+
SOLD [20]
A. 95.9%
B. 94.7%
HR 1.36 (90% CI, 0.98–1.89)
5-year OS:
A. 95.2%
B. 95.0%
HR 1.07 (90% CI, 0.74–1.56)
OS rates: N/A, HR 1.13 (95% CI,
0.92–1.39)

A. 90.5%
B. 88.0%
HR 1.39 (90% CI, 1.12–1.72)
5-year DFS:
A. 88%
B. 85%
HR 1.13 (90% CI, 0.89–1.42)
7.5-year DFS:

A. 94.8%
B. 93.8%
HR 1.14 (90% CI, 0.95–1.37)
Pooled HR for OS: 1.31 (95% CI,
1.08–1.59)

A. 89.8%
B. 89.4%
HR 1.07 (90% CI, 0.93–1.25)
Pooled HR for DFS: 1.21
(95% CI, 1.08–1.37)

A. 94.5%
B. 88.7%

HR 0.91 (95% CI, 0.81–1.01)
5-year DFS:

A. 61.2%
B. 62.9%

HR 0.83 (95% CI, 0.57–1.22)
14-year DFS:

A. 90.7%
B. 91.25%

5-year DFS:

HR 0.82 (95% CI, 0.63–1.06)

A. 79.6%
B. 76.8%

on
ly

HR 0.93 (95% CI, 0.74–1.17)
5-year OS:

HR 0.87 (95% CI, 0.73–1.03)
5-year DFS:

(continued)

HR 0.89 (95% CI, 0.77–1.02)
N/A

A. 71.1%
B. 72.9%

14-year OS:

N/A

HR 0.92 (95% CI, 0.66–1.28)

A. 86.2%
B. 85.9%

A. 87.7%
B. 87.9%

A. 76.9%
B. 79.6%

HR 1.33 (95% CI, 0.91–1.94)
HR 0.98 (95% CI, 0.77–1.26)

5-year OS:

A. 96.2%
B. 94.8%
A. 89.2%
B. 89.6%

5-year iDFS:

5-year OS:

7-year iDFS: 93.3%
(95% CI, 90.4–96.2)
5-year iDFS:

N/A

4-year OS:

HR 1.08 (95% CI, 0.93–1.25)
4-year DFS:

A. 79.6%
B. 78.8%

5-year OS:

5-year DFS:
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Confirms the benefit of adding
pertuzumab to
trastuzumab + chemotherapy

PEONY [56]

HER2+, operable

280

HER2+, stage II/III, T>2 cm

HER2+, stage II/III

418

329

HER2+, stage II/III, T>2 cm

lu
se

Both arms: post-Surgery: 3 × FEC + 1 year of
Trastuzumab (± Pertuzumab)

A. Docetaxel + Trastuzumab × 4 cycles
B. Docetaxel + Trastuzumab + Pertuzumab × 4
cycles

A. FEC q3w × 12 weeks → weekly
Paclitaxel + T × 12 weeks
B. Weekly Paclitaxel + T × 12 weeks → FEC
q3w + weekly T × 12 weeks

A. FEC + Trastuzumab + Pertuzumab × 3 →
Paclitaxel + Carboplatin +
Trastuzumab + Pertuzumab × 6 cycles
B. Paclitaxel + Carboplatin + Trastuzumab +
Pertuzumab × 9 cycles

A. Docetaxel + Carboplatin +
Trastuzumab + Pertuzumab × 6 cycles
B. T-DM1 + Pertuzumab × 6 cycles

(Note: trastuzumab and pertuzumab were added
if HER2+)

A. Dose-dense
epirubicin + cyclophosphamide + Paclitaxel
B. Weekly Paclitaxel + non-PEGylated liposomal
doxorubicin (+ carboplatin if TNBC)

Treatment arms

A. Letrozole continuous × 5 years
B. Letrozole 9 out of 12 months × 5 years

Treatment arms

na

cT1c-cT4a-d HER2+ BC or TNBC (any N
status) cT1c-cT4a-d, N+ luminal Blike tumours

Inclusion criteria

ER+ and node-positive postmenopausal
patients with previous 4–6 years of
endocrine treatment

444

961

Nb. pts

4,884

er
so

Inclusion criteria

A. A.93.7%
B. B.94.3%
HR 0.85 (95% CI, 0.68–1.06)

A. 87.5%
B. 85.8%
HR 1.08 (95% CI, 0.93–1.26)

p = 0.0014

A. 20.9%
B. 39.3%

OR 0.90 (95% CI, 0.55–1.49)

A. 56.5%
B. 54.2%

on
ly

OR 1.07 (95% CI, 0.71–1.61)

p = 0.016
A. 67%
B. 68%

A. 55.7%
B. 44.4%

OR 0.99 (95% CI, 0.77–1.28)

A. 48.3%
B. 48.0%

pCR rates

HR 1.02 (95% CI, 0.56–1.83)5-y
OS rates: N/A, HR 1.17 (95%
CI, 0.48–2.88)
N/A

A. 82.9%
B. 80%

5-y DFS rates:

N/A

N/A

N/A

EFS

5-year OS

HR 0.48 (95% CI, 0.25–0.89)
5-year DFS

Results

OS

DFS

Results

Legend: BC: breast cancer; CI: confidence interval; dd: dose dense regimen; DFS: disease-free survival; ER: endocrine-receptor; FEC: 5-fluorouracil, epirubicin and cyclophosphamide regimen; HER2: human epidermal growth factor receptor 2; HR: hazard
ratio; iDFS: invasive disease-free survival; MA: meta-analysis; N/A: not available; OS: overall survival; OR: odds ratio; pCR: pathologic complete response; TNBC: triple-negative breast cancer; T: trastuzumab; T-DM1: trastuzumab emtansine.

Long-term survival results: confirms no
benefit of combining concurrent
anthracyclines with anti-HER2 as
compared to their sequential
administration

ACOSOG Z1041 [55]

Negative trial

HER2+
KRISTINE [54]

Superiority trial (hypothesis:
anthracyclines would provide a
better pCR) – negative trial

No difference between 2 chemotherapy
regimens, even in each subtype

All subtypes GeparOcto (GBG 84)
[52]

TRAIN-2 [53]

Notes

Trial

Neoadjuvant setting

Intermittent versus continuous
aromatase inhibitor

SOLE [85]

Nb. pts

rp

Notes

Fo

Trial

Adjuvant setting

Table 2 (Continued)
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Studies with clinically relevant results in the adjuvant treatment of
luminal breast cancer patients have been reported since 2017. The
SOFT and TEXT trials randomized premenopausal patients whose
tumours expressed ER in ≥10% of the cells to receive tamoxifen alone
(SOFT), tamoxifen plus ovarian suppression (SOFT and TEXT) or
exemestane plus ovarian suppression (SOFT and TEXT) for 5 years.
After a median follow-up of 8 years, DFS rates were 86.8% with
exemestane plus ovarian suppression vs. 82.8% with tamoxifen plus
ovarian suppression (HR 0.77; 95% CI, 0.67–0.90), demonstrating the
benefit of a more potent hormonal suppression in premenopausal
patients [33]. Comparisons between tamoxifen plus ovarian suppression vs. tamoxifen alone (HR 0.76; 95% CI, 0.62–0.93) and
exemestane plus ovarian suppression vs. tamoxifen alone (HR 0.65;
95% CI, 0.53–0.81) in the SOFT trial confirmed the benefit of adding
ovarian suppression as previously reported [34]. In subgroup
analysis, the benefit of exemestane plus ovarian suppression was
restricted to high-risk patients who received chemotherapy, but there
is as yet no OS benefit.
Notably, the administration of chemotherapy in both studies was
per investigator’s decision, and the risk of recurrence was mainly
estimated using the clinical and pathological characteristics of the
tumour. An elegant “STEPP analysis” combining these factors into a
composite score clearly shows that tamoxifen alone performs very
well for the patients at lowest risk [35]. Not surprisingly, an increased
frequency of adverse events was observed with the addition of
ovarian suppression and aromatase inhibitors, mainly musculoskeletal symptoms, osteoporosis and dyspareunia [33]. Therefore, the
potential benefits and risks of this strategy need to be carefully
balanced in order to decide the more appropriate adjuvant endocrine
treatment for each patient.
The 21-gene breast cancer assay (OncotypeDX, Genomic Health)
analyses tumour gene expression to stratify early luminal breast
cancer patients into 3 different categories according to their
recurrence risk (low, intermediate and high) [36–38]. As previously
demonstrated, high-risk patients benefit from chemotherapy, while
in the low-risk group the addition of chemotherapy does not provide
any benefit [38,39]. For patients classified in the intermediate-risk
category, the role of chemotherapy remained unclear. The prospective randomized phase III study TAILORx trial recruited 6,711 women
with ER-positive, HER2-negative and node-negative breast cancer
classified as intermediate-risk according to their gene expression
profile (score between 11–25). The study’s primary objective was to
demonstrate the non-inferiority of endocrine treatment alone vs. the
combination of chemotherapy and endocrine treatment in terms of
iDFS, with an upper margin of 32.2% (HR = 1.322) accepted for noninferiority. After a median follow-up of 90 months, non-inferiority of
endocrine treatment alone was demonstrated (iDFS rate: 83.3% with

on
ly

Luminal breast cancer

endocrine treatment vs. 84.3% with chemotherapy plus endocrine
treatment, HR 1.08; 95% CI, 0.94–1.24). No OS difference was observed
between both groups (93.9% with endocrine treatment vs. 93.8% with
chemotherapy plus endocrine treatment). Notably, a significant
interaction between age, recurrence score and chemotherapy was
observed for the outcome iDFS, suggesting a potential benefit
from chemotherapy in women ≤50 years of age with a recurrence
score between 16–25 [40]. It is not impossible that a part of this
benefit is explained by chemotherapy-induced ovarian function
suppression.
The TAILORx results have made a huge impact on clinical practice,
by demonstrating that chemotherapy can be safely omitted in
intermediate-risk patients (except those with ≤50 years and a
recurrence score between 16–25), providing them an opportunity
to be spared from potential harmful toxicities.
An individual-patient data meta-analysis comprising 11 studies
and 22,192 patients investigated the role of extending aromatase
inhibitors for more than 5 years in the adjuvant treatment of luminal
breast cancer patients. In the overall population, recurrence freesurvival was improved by extended aromatase inhibitor treatment
(RR 0.76; 95% CI, 0.70–0.83). However, the effect was more
pronounced in patients who previously received tamoxifen alone
(RR 0.67; 95% CI, 0.55–0.83) or tamoxifen plus aromatase inhibitor as
switch strategy (RR 0.82; 95% CI, 0.70–0.97), whereas in patients who
previously received only aromatase inhibitors the benefit did not
reach statistical significance (RR 0.76; 95% CI, 0.56–1.02). The
absolute benefit provided by extended aromatase inhibitors in
terms of recurrence rates also varied according to lymph node
status: node-negative (2.5%), 1 to 3 positive lymph nodes (3.8%), and
≥3 positive lymph nodes (7.7%). The risk of bone fractures was
increased with extended aromatase inhibitors (RR 1.24; 95% CI, 1.10–
1.39) [41].
The GEICAM/2006-10 study randomized 437 luminal postmenopausal patients to receive aromatase inhibitor for 5 years alone or
combined with fulvestrant 250 mg during the first 3 years. No benefit
of the addition of fulvestrant was observed after a median follow-up
of 6.3 years (recurrence-free survival rates: 90.8% with aromatase
inhibitor vs. 91.3%, with fulvestrant plus aromatase inhibitor, p =
0.357) [42]. Of note, this study recruited less patients than
anticipated, and the fulvestrant dose used (250 mg) has been
demonstrated to be inferior to the 500 mg dose in the metastatic
setting, leading to interruption of enrolment [43].
The BIG 1–98 was a four-arm study comparing adjuvant
letrozole vs. tamoxifen (either treatment received for 5 years)
and sequential treatments with both agents (2 years of one
followed by 3 years of the other) in luminal postmenopausal
patients. The long-term results of this study point towards a
sustained superiority of the aromatase inhibitor in comparison to
tamoxifen – a trend favouring letrozole was observed in terms of
DFS (HR 0.91; 95% CI, 0.81–1.01) after a median follow-up of 12.6
years. Given the risk of late recurrences in luminal breast cancer
patients, this study brings important long-term data on the
outcomes of these patients [44].
An interesting strategy of low-dose tamoxifen has been evaluated
in the TAM-01 trial, which randomized 500 patients with in situ
breast tumours to receive either 5 mg/day of tamoxifen or placebo as
adjuvant treatment for 3 years. After a median follow-up of 5.1 years,
recurrence rates were 5.5% with tamoxifen vs. 11.3% with placebo (HR
0.48; 95% CI, 0.26–0.92) [45]. This study has demonstrated the
feasibility of low-dose tamoxifen, although this dose has not been
compared to the standard tamoxifen 20 mg/day or to aromatase
inhibitors [28,46].
The HOBOE-2 trial randomized 1065 luminal premenopausal
breast cancer patients to receive tamoxifen, letrozole or letrozole
plus zoledronic acid (4 mg every 6 months) for 5 years (Table 3). All

se

surgery, adjuvant chemotherapy is recommended [3,28,29]. No
studies have provided practice-changing results in the adjuvant
setting of TNBC, although interesting findings were reported.
The BEATRICE trial randomized 2,591 early TNBC patients to
receive anthracycline and/or taxane-based chemotherapy for at least
4 cycles alone or in combination with bevacizumab. In 2017, an
updated analysis after a median follow-up of 56 months confirmed
the absence of an OS benefit with the addition of bevacizumab (HR
0.93; 95% CI, 0.74–1.17) [30,31].
The GEICAM/CIBOMA study enrolled 876 early TNBC patients
submitted to surgery and (neo)adjuvant chemotherapy to receive
additional 8 cycles of capecitabine or observation. After a median
follow-up of 7.3 years, no benefit was observed with capecitabine:
5-year DFS rates were 79.6% with capecitabine vs. 76.8% with
observation (HR 0.79; 95% CI, 0.61–1.03) [32].
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Triple+ disease; first trial to use palbociclib
with anti-HER2 treatment in the early
setting

Triple+ disease; impressive pCR in nonresponders

Combination of buparlisib and taxanetrastuzumab was not feasible due to liver
toxicity.

NA-PHER2 [63]

PerELISA [64]

NeoPHOEBE [65]

Neoadjuvant PARPi

Triple+ disease; possibility for de-escalation
of CT

WSG-ADAPT HER2+
/HR+ [62]

TNBC
Litton et al. [68]

Only ER negative patients. Impressive pCR
with the addition of chemotherapy

HER2+
WSG-ADAPT HER2+
/HR- [61]

Early BC, BRCA mutation
(85% were TNBC)

HER2+ early BC

50

20

HER2+/ER+ (ER ≥ 10%), stage II-IIIA,
post-menopausal

HER2+/ER+

HER2+/ER+

HER2+/ER-, cT1–4c, any N

64

36

375

134

Talazoparib single-agent for 6 months

pCR: 53% (95% CI, 32%-73%)

( p = 0.811)

A. 32%
B. 40%

on
ly

A. Buparlisib 6 weeks →
Buparlisib + Paclitaxel + Trastuzumab
B. Placebo 6 weeks →
Placebo + Paclitaxel + Trastuzumab

se

pCR rates

Results

5.4-year DFS:
A. 85%
B. 93%
C. 93%
HR 0.52 (95% CI 0.34–0.80) for the
comparison of C. vs. A.

DFS

Results

A. Trastuzumab + Pertuzumab × 12 weeks
A. 36.3%
B. Paclitaxel + Trastuzumab + Pertuzumab × 12 weeks B. 90.5%
Difference: 56.1% (95% CI, 42.8%-69.3%).
A. 41.0%
A. T-DM1 × 12 weeks
B. 41.5%
B. T-DM1 + ET × 12 weeks
C. 15.1%
C. Trastuzumab + ET × 12 weeks
P < 0.001
Trastuzumab + Pertuzumab +
Ki67 geometric mean: 31.9 (SD 15·7) at
Palbociclib + Fulvestrant × 5 months
baseline vs. 4.3 (15.0) at week 2
(n = 25; p < 0·0001) vs. 12.1 (20·0) at
surgery (n = 22; p = 0·013);
pCR: 27% (95% CI, 12–46)
Molecular responders (n = 44): pCR
Letrozole × 2 weeks → biopsy (Ki67):
20.5%
molecular responders (relative ↓Ki67 > 20%
•
Non-responders (n = 17): pCR 81.3%
from baseline):
Letrozole + Trastuzumab + Pertuzumab × 5 cycles
non-responders:
•
paclitaxel + Trastuzumab + Pertuzumab × 5
cycles

Treatment arms

A. Tamoxifen + ovarian suppression
B. Letrozole + ovarian suppression
C. Letrozole + ovarian suppression + zoledronic acid

Treatment arms

lu

na

ER+ early premenopausal BC patients

Nb. pts Inclusion criteria

1,065

Nb. pts

Inclusion criteria

er
so

Notes

Adjuvant bisphosphonate in
premenopausal BC

Notes

Trial

Neoadjuvant setting

Luminal
HOBOE-2 [47]

Trial

Adjuvant setting

Table 3
Studies with interesting findings, promising biomarkers or new treatments.
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N/A

N/A

N/A

N/A

N/A

N/A

EFS

N/A

OS
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Neoadjuvant CDKi (single-arm)

Neoadjuvant CDKi (single-arm)

Neoadjuvant CDKi (single-arm)

Neoadjuvant CDKi

Neoadjuvant CDKi

Neoadjuvant PI3Ki

Neoadjuvant PI3Ki

NeoPalAna [72]

N007 [76]

neoMONARCH [75]

NeoPAL [73]

PALLET [74]

LORELEI [79]

NEO-ORB [80]

257

334

307

106

223

20
A. Anastrozole
B. Abemaciclib + Anastrozole
C. Abemaciclib × 2 weeks →
Abemaciclib + Anastrozole × 14 weeks
A. Chemotherapy (FEC + docetaxel)
B. Letrozole + Palbociclib

ER+/HER2-, stage I (T ≥ 1 cm)-IIIB, postmenopausal

se

A. Letrozole + Alpelisib
B. Letrozol + Placebo

lu

Stage I-III ER+/HER2- postmenopausal BC
patients

Stage I-III ER+/HER2- postmenopausal BC
patients

ER+/HER2- postmenopausal early BC
patients

Stage II-III ER+/HER2- postmenopausal BC
patients

na

Letrozole + Palbociclib × 4 cycles

ER + /HER2-, T ≥ 2 cm, post-menopausal

A. Letrozole
B. Letrozole → Palbociclib + Letrozole
C. Palbociclib → Palbociclib + Letrozole
D. Palbociclib + Letrozole
A. Letrozole + Placebo
B. Letrozole + Taselisib

Anastrozole + Palbociclib

A. Aromatase inhibitor (anastrozole or letrozole)
followed by surgery
B. Surgery

A. Platinum-based neoadjuvant chemotherapy
B. Platinum-free neoadjuvant chemotherapy

A. Carboplatin + Paclitaxel + Veliparib
B. Carboplatin + Paclitaxel
C. Paclitaxel

Stage II-III ER+/HER2- BC

Early-stage ER+/HER2postmenopausal BC patients

TNBC patients submitted to
neoadjuvant treatment and surgery

TNBC stages II and III

er
so
50

4,480

2,109

634

A. 43.3%
B. 44.8%

0% pCR
87% CCCA at C1D15
5% pCR; CCCA at C1D15: 71%; PEPI score
0 rate: 5%
3.7% pCR; CCCA at C1D15:
A. 14%
B. 58%
C. 68%
A. 5.9%
B. 3.8%
(OR not provided)
Clinical response rate:
A. 49.5%
B, C and D. 54.4%
p = 0.20
A. 0.6%
B. 1.8%
p = 0.37
ORR:

N/A

A. 53%
B. 58%
C. 31%
A vs. C. ( p < 0.0001)
A vs. B. ( p = 0.357)
A. 52.1%
B. 37.0%
OR 1.96 (95% CI, 1.46–2.62)

N/A

N/A

N/A

N/A

N/A

N/A

5-year OS:
A. 89.0%
B. 89.5%
HR 0.98 (95% CI,
0.82–1.18)
N/A

HR 0.72 (95% CI,
0.49–1.06)

N/A

on
ly

Legend: BC: breast cancer; CCCA: complete cell cycle arrest, defined as Ki67 <2.7%; CI: confidence interval; DFS: disease-free survival; ER: endocrine-receptor; ET: endocrine treatment; PI3K: phosphoinositide 3-kinase; ORR: overall response rate; CCCA:
complete cell-cycle arrest; pCR: pathologic complete response; CDKi: cyclin-dependent kinase inhibitor; HR: hazard ratio; HER2: human epidermal growth factor receptor 2; MA: meta-analysis; ORR: overall response rate; OS: overall survival; TNBC: triplenegative breast cancer; T-DM1: trastuzumab emtansine.
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The administration of systemic treatment before surgery has many
potential advantages: it allows an in vivo assessment of response, an
early treatment of micro-metastatic disease, and it increases the rates
of conservative surgical procedures [2]. The pathologic evaluation of
the surgical specimen after neoadjuvant treatment also provides
valuable prognostic information [49]. With the advent of effective
post-neoadjuvant treatments for HER2-positive and TNBC patients
with invasive residual disease after neoadjuvant treatment, this
strategy is becoming more attractive and gaining importance [50,51].
Yet, one will have to power these neoadjuvant trials for event-freesurvival if one is hoping to impact clinical practice.

It is known that HER2-positive tumours comprise a heterogeneous
population [57] and that, among them, pCR rates are higher in ERnegative tumours as compared to ER-positive tumours [58–60]. Thus,
recent trials aimed to de-escalate therapy specifically in the HER2positive/ER-negative or in the HER2-positive/ER-positive (“triplepositive disease”) subgroup of patients (Table 3). The WSG-ADAPT
HER2+/HR- trial tested if dual HER2 blockade only (the “chemo-free”
approach) was non-inferior to paclitaxel with dual HER2 blockade in
134 HER2-positive/ER-negative patients. The pCR rates were 36.3%
with the dual HER2 blockade alone vs. 90.5% in the arm with
paclitaxel, demonstrating the high chemo-sensitivity of HER2positive/ER-negative tumours [61]. The WSG-ADAPT HER2+/HR+
compared T-DM1 (with or without endocrine treatment) vs.
trastuzumab with endocrine treatment in 375 patients with “triple
positive” disease. Use of T-DM1 led to higher pCR rates (41.0% with
TDM1 alone and 41.5% with TDM1 plus endocrine treatment)
compared to the trastuzumab arm (15.1%). Long-term survival data
from both WSG-ADAPT studies are needed, but its interpretation will
be limited by the absence of a “standard” chemotherapy/dual HER2
blockade arm as comparator and by the fact that patients were
recommended to have standard adjuvant anthracycline-taxane based
chemotherapy [62].
Both WSG-ADAPT trials used Ki67 measurements after 3 weeks of
treatment to classify patients as “early responders” if there was a
Ki67 decrease ≥30% vs. baseline or low cellularity in the biopsy – in
both trials, “early responders” had a higher likelihood of achieving a
pCR. This marker could be explored to identify patients who are not
benefiting from neoadjuvant treatment (“non-responders”), but it
needs validation in other trials. The small NA-PHER2 trial also used a
decrease in Ki67 during treatment to assess benefit from trastuzumab, pertuzumab, palbociclib, and fulvestrant in “triple positive”
disease [63]. The PerELISA trial defined “molecular response” to a 2week treatment with letrozole as a fall ≥20% in Ki67. “Molecular
responders” were assigned to letrozole in combination with dual
HER2 blockade and achieved a pCR rate of 20.5% [64]. More
impressive, however, was the 81.3% pCR rate in the “non-responders”
patients’ group, who received paclitaxel plus dual HER2 blockade,
suggesting that this “non-response” to endocrine therapy in HER2positive/ER-positive patients may identify patients who benefit from
chemotherapy plus dual HER2 blockade.
Mutations in the phosphoinositide 3-kinase (PI3K) gene are known
mechanisms of resistance in HER2-positive breast cancer patients.
The role of buparlisib ( pan-class I PI3K inhibitor) in the neoadjuvant
setting was evaluated in the NeoPHOEBE trial, which was prematurely interrupted due to a high incidence of severe liver toxicities
with the combination of buparlisib, trastuzumab and paclitaxel (48%
grade ≥3 ALT elevation and 28% grade ≥3 AST elevation) [65].
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patients received ovarian suppression with triptorelin. After a median
follow-up of 65 months, DFS rates were higher with zoledronic acid
plus letrozole compared with tamoxifen alone (HR 0.52; 95% CI, 0.34–
0.80), suggesting a benefit for the addition of bisphosphonates in the
adjuvant treatment of premenopausal patients, as previously
demonstrated in postmenopausal patients [17]. However, these
results need to be interpreted with caution, since the superiority of
zoledronic acid plus letrozole over letrozole alone has not been
demonstrated (HR 0.70; 95% CI 0.44–1.12) [47]. Therefore, it is not
clear if the benefit observed in the HOBOE-2 study can be attributed
to a more efficient endocrine treatment with letrozole or to the
addition of zoledronic acid in the experimental arm [48].
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The GeparOCTO was the only neoadjuvant trial published since 2017
including patients with TNBC, HER2-positive and high-risk luminal B
tumours. It compared intensified dose-dense epirubicin, paclitaxel,
and cyclophosphamide vs. weekly paclitaxel plus non-PEGylated
liposomal doxorubicin ( plus carboplatin in TNBC) [52]. HER2positive patients also received trastuzumab and pertuzumab. The
pCR rates were similar in both arms and there were no significant
differences according to breast cancer subtype.
HER2-positive breast cancer
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In contrast with the adjuvant and post-neoadjuvant setting, there
were no practice-changing trials for the neoadjuvant treatment of
HER2-positive disease. The TRAIN-2 trial tested the hypothesis that
the addition of anthracyclines would improve pCR rates compared
with a carboplatin–taxane regimen, in combination with the now
standard dual HER2 blockade (trastuzumab and pertuzumab) [53].
The pCR rates were similar between arms (around 68%) and there
were no differences according to ER status. Survival data is not yet
mature, which may be needed to re-assure clinicians that a
carboplatin–taxane backbone is an alternative to anthracyclinetaxane based regimens for the neoadjuvant treatment of HER2positive disease.
The KRISTINE trial compared a carboplatin–taxane backbone with
dual HER2 blockade vs. T-DM1 plus pertuzumab [54]. The pCR rates
were lower in the T-DM1 arm compared to the chemotherapy arm
(44.4% vs. 55.7%, respectively; p = 0.016), both in ER-positive and ERnegative disease. Therefore, chemotherapy with dual HER2 blockade
should remain the standard-of-care neoadjuvant treatment in this
scenario.
Long-term survival results of the ACOSOG Z1041 trial confirmed
that there was no benefit of combining concurrent anthracyclines
with anti-HER2 agents [55]. The PEONY trial, conducted in Asia,
showed again the benefit of adding pertuzumab to docetaxel plus
trastuzumab in the neoadjuvant setting [56].

TNBC
Studies evaluating the role of platinum agents in the neoadjuvant
treatment of TNBC have presented controversial results so far [66]. A
2018 meta-analysis including 9 studies and 2,109 patients has shown
that the addition of platinum agents significantly increased pCR rates
(52.1% with platinum-based vs. 37.0% with platinum-free chemotherapy; odds ratio [OR] 1.96; 95% CI, 1.46–2.62). No significant
difference in terms of OS (HR 0.86; 95% CI, 0.46–1.63) was observed.
Intriguingly, among the 96 patients harbouring a BRCA mutation
(BRCAmut), no benefit in terms of pCR was observed with the addition
of platinum (OR 1.17; 95% CI, 0.51–2.67), although the limited number
of BRCAmut patients limits definitive conclusions [66].
The role of PARP inhibitors (PARPi) in the neoadjuvant setting has
been investigated in the BrighTNess study, which randomized TNBC
patients to paclitaxel alone, paclitaxel plus carboplatin or paclitaxel
plus carboplatin and veliparib. All patients received 4 additional
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The CREATE-X study evaluated post-neoadjuvant treatment in
patients with HER2-negative tumours, but it will be discussed in
the TNBC section below due to the significant results observed in this
subtype. No other relevant studies evaluated post-neoadjuvant
treatment in all-comers.
HER2-positive breast cancer

The most impactful study reported since 2017 was the KATHERINE
trial, which randomized 1,486 HER2-positive early breast cancer
patients with invasive residual disease after neoadjuvant treatment
with chemotherapy and trastuzumab (with or without pertuzumab)
to receive adjuvant T-DM1 or trastuzumab. An 11.3% absolute
improvement in iDFS was observed with T-DM1 as compared to
trastuzumab (3 year-iDFS: 88.3% vs. 77.0%, respectively, HR 0.50; 95%
CI, 0.39–0.64) [51]. The benefit was observed in all subgroups,
although 3-year iDFS rate was only 82.1% with T-DM1 in the ERnegative subgroup, showing that further improvements are needed in
this subgroup. No difference in cardiac adverse events was observed,
however peripheral sensory neuropathy and increased aminotransferase levels were more frequent with TDM1, suggesting that patients
receiving adjuvant T-DM1 may need a closer follow-up to monitor
potential adverse events.
The key to these impressive results lies in patient’s selection: in
trastuzumab-naïve early breast cancer patients, T-DM1 (plus pertuzumab) was not superior to the combination of chemotherapy with
trastuzumab (and pertuzumab) in the KRISTINE trial [54]. Yet, in
patients who had a suboptimal response to neoadjuvant chemotherapy and trastuzumab and thus have a worse prognosis, T-DM1 is an
effective “salvage” therapy.
The KATHERINE study clearly shows that patients with invasive
residual HER2-positive disease after neoadjuvant treatment should
receive adjuvant T-DM1 instead of continuing trastuzumab. In
addition, if reinforced by the subsequent demonstration of an OS
benefit, these results will upgrade the neoadjuvant approach as the
recommended one and restrict “pure” adjuvant systemic treatment to
low-stage HER2-positive disease (cT1N0). A proposed updated
algorithm for the treatment of early HER2-positive breast cancer
patients is displayed in Figure 1.
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The POETIC trial randomized 4,480 postmenopausal women with
luminal breast cancer to receive 4 weeks of peri-operative aromatase
inhibitor or surgery. Additional treatments were allowed at investigation’s discretion after surgery. In a preliminary analysis, no
difference was observed in 5-year recurrence-free rates (HR 0.91;
95% CI, 0.74–1.12). The Ki67 expression (≥10% defined as high, <10%
defined as low) after 2 weeks of aromatase inhibitor was evaluated
as a predictive biomarker. Patients with a high Ki67 after 2 weeks of
pre-operative aromatase inhibitors presented a higher recurrence
risk in comparison to those with a low Ki67 (HR 2.60; 95% CI, 1.82–
3.73) [69]. Although the dynamic evaluation of Ki67 identified a
subgroup of patients with an excellent prognosis, it should be noted
that the demonstration of its role as a way to decide whether or not
aromatase inhibitor therapy is sufficient or needs to be reinforced
might be compromised by the lack of protocol-defined post-surgical
therapy.
It is well known that patients with luminal breast cancer present
low pCR rates after neoadjuvant chemotherapy; nevertheless
achieving a pCR signals a somewhat better long-term outcome, and
therefore new strategies are needed to improve pCR rates in this
subgroup [69,70]. Cyclin dependent kinase inhibitors (CDKi) have
yielded a significant survival improvement in metastatic luminal
breast cancer patients, providing a rationale for studies evaluating
neoadjuvant CDKi [71–76]. These phase II studies were designed to
evaluate the activity of neoadjuvant CDKi in combination with
endocrine treatment, and although interesting signs of activity were
observed (improved clinical response rates and decreased Ki67
expression), the addition of CDKi did not improve pCR rates and
survival outcomes were not yet provided [72–76].
The occurrence of activating mutations in PIK3CA is a classic
resistance mechanism to endocrine treatment in luminal breast
cancer [77]. The combination of alpha-isoform specific PI3K
inhibitors (PI3Ki) with endocrine treatment has demonstrated
activity in metastatic luminal breast cancer patients [78]. Therefore,
PI3Ki have also been evaluated in the neoadjuvant setting. Although a
promising sign of activity was observed in the phase II study LORELEI,
which demonstrated improved clinical response rates with the
addition of PI3Ki to endocrine treatment, another phase II trial
(NEO-ORB) did not demonstrate any benefit with the addition of
PI3Ki. Moreover, treatment side effects were increased, pCR rates
were not improved and survival gains are unlikely to be seen with
additional follow-up. [79,80].

All subtypes
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Luminal breast cancer

not achieve a pCR present a high-risk of recurrence and, therefore,
may benefit from additional treatments [82].

se

cycles of doxorubicin and cyclophosphamide. The addition of
veliparib did not increase pCR rates (53% with carboplatin-paclitaxel
plus veliparib vs. 58% with carboplatin-paclitaxel, p = 0.36). Notably,
only 15% of the patients included in this study were BRCAmut, the
population in which PARPi are expected to show a higher efficacy
[67]. An interesting sign of activity of PARPi was observed in a singlearm phase II study of talazoparib single-agent administered to 20
BRCAmut breast cancer patients (of whom 17 were TNBC).
Talazoparib (1 mg) was administered for 6 months before surgery,
with adjuvant chemotherapy being administered at physician’s
discretion afterwards. The study reported an encouraging pCR rate
of 53%, highlighting the potential of PARPi for BRCAmut patients to be
explored in future studies [68].

S17

Post-neoadjuvant treatment
The finding of invasive residual disease after neoadjuvant treatment
is associated with worse prognosis [70,81]. The concept of postneoadjuvant treatment is built on the rationale that patients who did

TNBC
The first study to demonstrate the benefit of post-neoadjuvant
treatment was the phase III CREATE-X trial, in which 910 HER2negative early breast cancer patients who did not achieve a pCR after
neoadjuvant treatment were randomized to capecitabine (1250 mg/
m2, twice per day, D1–14, every 3 weeks for 6–8 cycles) plus
standard-of-care (radiotherapy per physician’s discretion and endocrine therapy for ER-positive patients) vs. standard-of-care. Initially,
patients received 6 cycles of capecitabine (n = 159), but after an
interim safety analysis treatment was extended to 8 cycles. The study
was positive for its primary endpoint (5-year DFS: 74.1% with
capecitabine vs. 67.6% with control, HR 0.70; 95% CI, 0.53–0.92) and
the 5-year OS rates were also improved by capecitabine (89.2% with
capecitabine vs. 83.6% with control, HR 0.59; 95% CI, 0.39–0.90) [50].
The benefit of capecitabine was driven by the TNBC subgroup
(n = 286) in terms of 5-year DFS (HR 0.58; 95% CI, 0.39–0.87) and 5year OS (HR 0.52; 95% CI, 0.30–0.90). Notably, the CREATE-X enrolled
exclusively Asian patients, which are known to metabolize fluoropyrimidines more efficiently than Western patients, and the
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Fig. 1. Proposed algorithm for HER2-positive early breast cancer treatment as of 2019 BC: breast cancer; ER+: estrogen-receptor positive; A/EC: doxorubicin/epirubicin + cyclophosphamide; ER-: estrogen-receptor negative; N0: lymph-node negative; N+: lymph-node positive; P: pertuzumab; pCR: pathologic complete response; TCH: docetaxel +
carboplatin + trastuzumab; T-DM1: trastuzumab emtansine.

anti-HER2 therapy with 1 year of neratinib also improves outcomes,
but in a more modest way, being alternatives for node-positive
patients who did not receive neoadjuvant anti-HER2 treatment.
In patients with luminal tumours and node-negative disease, it was
shown that, overall, those with an intermediate recurrence risk score
(11–25) in the OncotypeDX 21-gene assay can avoid chemotherapy.
The MINDACT trial, reported in 2016, also provided level I evidence of
the clinical utility of a gene expression signature but in women at
comparatively higher clinical risk [83]. Regarding adjuvant endocrine
therapy, updated results of the SOFT/TEXT trials confirmed the
benefit of a more potent endocrine treatment with aromatase
inhibitors and ovarian suppression in high-risk premenopausal
patients. For postmenopausal patients, long-term results of the BIG
1–98 trial demonstrated a sustained trend in favour of adjuvant
letrozole compared to tamoxifen. A large individual patient metaanalysis has finally confirmed that, beyond 5 years of endocrine
therapy, extended treatment with aromatase inhibitors modestly
reduces the risk of breast cancer recurrence, with a more pronounced
benefit observed in patients who received tamoxifen as initial
treatment. A more accurate selection of patients who benefit from
extended endocrine therapy is still needed, given that available
multigene signatures like the PAM-50 ROR score and EndoPredict®
can provide prognostic but not predictive information [84]. Finally, a
large meta-analysis including patients with all breast cancer
subtypes showed that adjuvant dose-dense chemotherapy improves
both disease-free and overall survival compared to chemotherapy
every 3 weeks, with the largest magnitude of benefit seen in patients
with node-positive disease.
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capecitabine doses used in the study were higher than the usual
doses used in Western individuals, raising concerns that the results
observed in the CREATE-X study might not be fully transposable to a
Western population.
As previously mentioned, the GEICAM/CIBOMA trial enrolled early
TNBC patients independently of previous chemotherapy response,
whereas the CREATE-X selected patients with incomplete response to
neoadjuvant treatment. The selection of a high-risk population in the
CREATE-X may account for the benefit observed with capecitabine in
this study, in comparison to the negative results of the GEICAM/
CIBOMA. Based on the results of the CREATE-X trial, post-neoadjuvant capecitabine is a valid option for early TNBC patients with
invasive residual disease after neoadjuvant treatment [29].
Luminal breast cancer
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No practice-changing studies evaluating post-neoadjuvant treatment
specifically in luminal breast cancer patients have been reported. As
mentioned above, in the CREATE-X trial the administration of postneoadjuvant capecitabine improved DFS and OS in the overall study
population which comprised 67.8% of ER-positive patients. However,
the benefit of capecitabine in terms of DFS was not observed in ERpositive patients (HR 0.81; 95% CI, 0.55–1.17) [50]. Therefore, postneoadjuvant capecitabine has been widely adopted only for TNBC
patients [29].
Conclusions

The most important change in the treatment of early breast cancer
since 2017 is that now we have the possibility to administer “salvage”
treatments to HER2-positive and TNBC patients who do not achieve a
pCR after neoadjuvant treatment. Thus, in intermediate and high-risk
TNBC and HER2-positive disease patients (with ≥T2 and/or nodepositive tumours), neoadjuvant treatment shall become the standard
of care, to allow patients who do not achieve a pCR to receive postneoadjuvant capecitabine (if TNBC) or T-DM1 (if HER2-positive).
In addition, we have seen that adding 1 year of concomitant
pertuzumab to adjuvant trastuzumab or extending the duration of
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Identifying research priorities in the treatment of patients with early breast cancer:
from the patient perspective
Kathleen I. Pritchard1, *,†
1

Sunnybrook Health Sciences Centre, University of Toronto, Toronto, ON, Canada

A B S T R A C T

research priorities

In identifying research priorities it is important to take the needs and prospective of patients with breast
cancer into account.
© 2019 Elsevier Ltd. All rights reserved.
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breast cancer

(1)
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In identifying research priorities for the treatment of patients
with early breast cancer, we can refer back those produced by
Dr. Mitch Dowsett and colleagues in 2007 [1]. These priorities
and research questions were identified almost 13 years ago, but
remain perhaps the most valid targets for both patients and
doctors [2].
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Topic Category

1
2
3
4
5
6
7

Chemotherapy
Chemotherapy
DCIS
Stem cells
Triple-negative/basal
Computing
Prognosis

8

New growth factor
targets
Genetics

9

Endocrine
Consensus
Endocrine

Fo

10
11
12

Research Question/Topic

Yes/No
Optimal type
How dangerous
Breast cancer development
Unmet needs
Models
Identify which low-risk patients require no adjuvant
therapy
New approaches

rp

Final
Rank

13 (tie)

Imaging

13 (tie)
15

Endocrine
Herceptin: duration

Investigate which gene mutations in a tumour lead to
metastases
Overcoming resistance
Consensus phenotyping
Search for a more accurate and validated score of
hormone sensitivity
Develop non-invasive techniques to diagnose and
characterize primary breast tumours
Tamoxifen versus an aromatase inhibitor
Identify markers of the optimal duration of
trastuzumab therapy

(6,7)
(8,9)
(10,11,12)
(13)

(14)

From the patient perspective, information will include prognostication, prediction of response to therapy, a consensus about how we
express these matters and navigation throughout. From a practical, if
not a research point of view, navigation is important to forge a
navigation pathway early in order to provide a smooth transition
through the system, minimum waiting period, and result in fewest
tests and fewest side effects.
In summary, unmet needs continue to include:
1.
2.

*Corresponding author at: Senior Scientist, Professor Emerita, Sunnybrook Health Sciences
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Should we administer chemotherapy to a particular patient?
If so, what type?
How dangerous is DCIS, and how should it be treated? Are there ways to
distinguish high risk vs. low risk types?
The identification of stem cells would lead to breast cancer development and
could lead to patient cure or breast cancer prevention, which are both clearly
highly rated goals.
Triple negative breast cancer, although some progress has been made
particularly with genetic BRCA1/2-dependent types, remains largely an
unmet need.
Modeling to help in prognosis and prediction for various cases with various
treatments remains important.
Genetic origins, both as a target for prevention and treatment and as markers
remain pivotal.
Understanding endocrine resistance whether the AIs are better or worse than
tamoxifen remain topics of interests to both patients and doctors.
Once again, better imaging treatments for screening are crucial as are markers
of HER2 that would help us identify the type of anti-HER2 therapy that
would be useful, and Herceptin duration.
Most important for patients is patient information which should be correct,
accurate, complete, and early. From the patient point of view, aspects such as
stem cell research and prognosis and prediction are crucial. Turning
metastatic breast cancer into a chronic disease through endocrine objectives
and optimizing anti-HER2 treatment are also pivotal in this regard.

3.
4.

Triple negative disease.
Further targets for new therapies, which will add to the
optimization of therapy in all types of breast cancer.
Improvement of adjuvant regimens and dealing with the
problems of late recurrence.
We clearly want to administer more chemotherapy where it is
needed and de-escalate treatment where it is not needed.
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We aim to harness the new roles of immunotherapy in breast
cancer.

In short, it remains important to do research which will lead to a
basic understanding of biology and basic delivery of care.
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Risk stratification according to stage and pathology
Meredith M. Regan, ScD*,†
Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA

on
ly

j o u r n a l h o m e p a g e : w w w. j o u r n a l s . e l s e v i e r . c o m / t h e - b re a s t

A B S T R A C T

staging

Stage and pathology are the essential foundation of early breast cancer risk stratification upon which we build,
with advances since the last St. Gallen International Breast Cancer Conference. The 8th edition of the American
Joint Committee on Cancer (AJCC) Staging Manual made a notable update for breast cancer staging, introducing
Clinical and Pathological Prognostic Stages. Two of the most meaningful research advances concerning risk
stratification were stage- and pathology-based. The clinical utility of achieving pathological complete response
( pCR) after preoperative neoadjuvant systemic therapy versus residual disease, with residual disease defining a
high-risk population that can benefit from escalation of adjuvant therapy, was borne out by recent trial results.
The strength of evidence of the prognostic role of the morphological assessment of stromal tumor infiltrating
lymphocytes (sTILs) increased, robustly demonstrated in triple-negative breast cancer.
Presented at the St. Gallen International Breast Cancer Conference.
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Some will debate the relative importance of stage and pathology
versus genomics as tools for risk stratification of early breast cancer
patients. Stage and pathology are the essential foundation of risk
stratification, and everything else builds upon this foundation. Since
the last St. Gallen International Breast Cancer Conference, the
American Joint Committee on Cancer (AJCC) Staging Manual
underwent a notable update for breast cancer staging, and two of
the most meaningful research advances concerning risk stratification
were stage and pathology-based, namely, the utility of achieving
pathological complete response ( pCR) versus residual disease after
preoperative neoadjuvant systemic therapy, and the clinical utility of
stromal tumor infiltrating lymphocytes (sTILs) Table 1.
The updated breast cancer chapter of the AJCC 8th edition was
released around the time of the last St. Gallen meeting [1]. The
updated staging added hormone receptors (HR) and HER2 status and
grade to the traditional TNM anatomic stage to form complementary
Clinical and Pathological Prognostic Stages. The motivation is to
better account for the variation in outcomes among patients having
the same anatomic TNM stage, and to recognize their role in
treatment decision-making. An analysis of 44,000 patients in the
California Cancer Registry who were diagnosed between 2005 and
2008 and underwent surgery as initial intervention illustrated the
variability in breast cancer-specific survival within each AJCC TNM-

*Corresponding author at: Division of Biostatistics, Department of Data Sciences, DanaFarber Cancer Institute, 450 Brookline Avenue, Boston, MA, USA 02215.
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based stage, when further stratifying according to a 0–3 point risk
score determined by HR, HER2 status and grade [2].
The 8th AJCC edition, by incorporating critical prognostic features
in early breast cancer, updates the foundational language about risk
and prognosis. The AJCC decision to add HRs, HER2 and grade to risk
stratification is consistent with available online clinico-pathologic
tools for risk estimation in early breast cancer, including two that are
reviewed by the AJCC as meeting their quality criteria: Adjuvant!
Online (www.adjuvantonline.com, although now under reconstruction) and PREDICT (www.predict.nhs.uk; [3]). It is also consistent
with research in HR-positive endocrine therapy clinical trial populations. Although the specific objectives for use of the ATAC-derived
IHC4 [4] and BIG 1-98 and SOFT/TEXT-derived composite risk index
[5,6] were different, both aimed to use the clinico-pathological
features to consider risk of recurrence in HR-positive populations
across a continuum, because of the variation in outcomes across HRpositive populations. The studies have shown clinically-meaningful,
widely-varying estimated risk in these populations, as a basis for
escalation of endocrine therapy.
The IHC4 and the IHC4 plus Clinical treatment score (IHC4+CTS),
were developed from outcomes of postmenopausal women assigned
to tamoxifen or aromatase inhibitor (AI) in ATAC, who did not receive
adjuvant chemotherapy [4]. For node-negative disease, the predicted
9-year distant recurrence rate ranged from 4.6% versus 14.3%, a
difference just over 10%, for a patient with IHC4+CTS value at the first
versus third quartile of the score distribution. For 1–3 positive nodes,
the predicted 9-year distant recurrence rate ranged by more than
25%, from 11.0% versus 37.9%, for a patient with score at the first
versus third quartile of the IHC4+CTS distribution.
In the BIG 1-98 and SOFT/TEXT trials, a measure called composite
risk was derived to use risk of recurrence to assist treatment
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Table 1
Advances and tools for risk stratification according to stage and pathology since the last St. Gallen International Breast Cancer Conference.

PREDICT
IHC4, IHC4+CTS
Composite risk
Ki67
sTILs
pCR

patients with residual disease and the possibility to forego escalation
in patients who experience pCR. Indeed in patients with TNBC and
HER2-positive breast cancer having residual disease, the clinical
utility of pCR/RCB in risk stratification has been borne out by the
recent results from the CreateX [22] and KATHERINE [23] trials
showing their high-risk of recurrence with 3-year disease-free
survival in the control groups of 74% and 77%, respectively, and
clinically-meaningful absolute improvements in 3-year disease-free
survival on the order of 10% with escalated therapy. Additional
evidence has accumulated regarding the potential prognostic role of
level of sTIL concentrations in the residual disease [24,25]. The larger
TNBC series, suggested that levels of sTIL concentrations added
further prognostic information to RCB class particularly RCB II [24].
In conclusion, stage and pathology are the foundation of risk
estimation, with expanded role of Clinical and Pathological Prognostic
Stages in the 8th AJCC. Since the last St. Gallen meeting, evidence of
the prognostic role of the morphological assessment of sTIL has
strengthened, in particular in TNBC. Residual disease after neoadjuvant systemic therapy has demonstrated clinical utility for defining a
high-risk population that can benefit from escalation of adjuvant
therapy, and the level of sTIL concentration in the residual disease may
further improve risk stratification for this patient population.
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decision-making regarding the choice between tamoxifen versus AI
(with ovarian function suppression in premenopausal patients) [5,6].
The 5-year outcomes varied widely, ranging from approximately
100% recurrence-free at 5 years among those with lowest composite
risk, to below 70% recurrence-free among those at highest risk.
According to treatment assignment, STEPP analysis [7] of composite
risk visualized the estimated magnitude of improvement in outcomes between treatment groups, across the whole spectrum of risk.
The magnitude of improvement with 5-years of AI vs tamoxifen
varied from at most 1–2% among those at lowest risk, to more than
10% among those at highest risk [5,6].
Both IHC4 and composite risk include Ki67 for risk stratification in
HR-positive early breast cancer, as does the PREDICT online tool,
because IHC assessment of Ki67 labeling index is robustly prognostic
for stratifying risk [8]. Despite the tremendous Working Group efforts
to harmonize scoring methodology [9–11], the common criticism is
that clinical utility of Ki67 is limited by lack of scoring standardization
across institutions and Ki67 was not incorporated into the AJCC 8th
edition because there was no established standardization or cut-off [1].
Wishing to avoid the challenges faced to establish the clinical
utility of Ki67, The International Immuno-oncology Biomarkers
Working Group on Breast Cancer was organized to establish
uniform methodology and standardization of immune markers
[12]. The morphological assessment of sTILs in the FinHER trial
found differences in levels of sTILs concentrations according to IHCbased subtype: lowest in luminal breast cancers and highest in triplenegative breast cancer (TNBC [13,14]). In an early analysis of the BIG
2-98 trial, there was potential prognostic value of sTILs [15]. Further
analyses of the neo-ALTTO and German Breast Group (GBG) trials, and
more recently the shortHER trial, in HER2-positive disease, have more
clearly shown a potential prognostic value of the level of sTILs
concentration [16–18]. However, these studies estimated very
different magnitude of absolute difference in outcomes between
patients with higher versus lower levels of sTILs concentrations,
suggesting additional research is needed to establish the clinical
utility of sTILs levels in HER2-positive early breast cancer.
A robust prognostic role of the level of sTILs concentrations was
demonstrated in patients with TNBC in a recent meta-analysis by the
Working Group of 2100 patients who received adjuvant chemotherapy [19]. A clinically-meaningful absolute differences in outcomes at
3 and 5 years, on the order of 10%, was observed according to level of
sTILs concentration. As well, level of sTILs concentration added
meaningful improvement to a prognostic model for TNBC risk
estimation, which is available on the Working Group website [12].
In the setting of early breast cancer patients treated with
preoperative neoadjuvant systemic therapy, a pCR versus presence
of residual disease, or residual cancer burden (RCB) class more
broadly, is a prognostic marker [20,21] and provides meaningful risk
stratification. Trial designs now are focusing on escalating therapy in
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Adjuvant! Online

The updated staging added hormone receptors and HER2 status and grade to the traditional TNM anatomic stage to form complementary Clinical and Pathological
Prognostic Stages. The motivation is to better account for the variation in outcomes among patients having the same anatomic TNM stage, and to recognize their role
in treatment decision-making [1]
Online clinico-pathologic tool for risk estimation in early breast cancer; is reviewed by the AJCC [1] as meeting their quality criteria (www.adjuvantonline.com; under
reconstruction as of March 2019)
Online clinico-pathologic tool for risk estimation in early breast cancer; is reviewed by the AJCC [1] as meeting their quality criteria (www.predict.nhs.uk; [3])
Uses clinico-pathological features to estimate a continuous score for estimating risk of distant recurrence in postmenopausal hormone receptor-positive population [4]
Uses clinico-pathological features to consider risk of recurrence in postmenopausal or premenopausal hormone receptor-positive populations across a continuum to
assist with decision-making for endocrine therapy [5,6]
Ki67 is used as part of risk estimation by PREDICT, IHC4, and composite risk, but was not incorporated into AJCC 8th edition.
A robust prognostic role of the level of sTILs concentrations has been demonstrated in patients with triple-negative early breast cancer (including 19). Additional
research is needed to establish the clinical utility of sTILs levels in HER2-positive early breast cancer.
In the setting of early breast cancer patients treated with preoperative neoadjuvant systemic therapy, a pCR versus presence of residual disease, or RCB class more
broadly, is a prognostic marker [20,21] and provides meaningful risk stratification for adjuvant therapy decision-making and clinical trial eligibility.
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A B S T R A C T

Breast cancer

The estrogen receptor positive (ER+) subset is the dominant contributor to global deaths from breast cancer
which now exceeds 500,000 deaths annually. Lethality is driven by endocrine resistance, which has been shown
to be associated with high mutational rates and extreme subclonal diversity. Treatment forces subclonal
selection until the patient eventually succumbs to metastatic treatment-resistant disease. Recently, we have
been addressing several questions related to this process: What is the cause of the increased mutation rate in
lethal ER+ breast cancer? Why is endocrine therapy resistance related to mutational load? What are the
functions of the somatic mutations that are eventually selected in the treatment resistant and metastatic clones?
These questions have provoked new mechanistic hypotheses that link resistance to endocrine agents to: (1)
Specific defects in single strand break repair are associated with increased mortality from ER+ breast cancer
[1,2]; (2) Loss/mutations of certain single strand break repair proteins that disrupt estrogen-regulated cell cycle
control through the ATM, CHK2, CDK4 axis [1,2] thereby directly coupling endocrine therapy resistance to
specific DNA repair defects; (3) Acquired mutations that drive metastasis include the generation of in-frame
ESR1 gene fusions that activate epithelial-to-mesenchymal transition (EMT) driven metastasis as well as
endocrine drug-resistant proliferation [3].
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ER+ breast cancer, while considered a more treatable and better
prognosis subtype of breast cancer, is associated with a consistent
annual relapse rate that persists beyond ten years after diagnosis.
This, along with the high incidence rate of the disease, ensures that an
ER+ diagnosis remains the most common cause of breast cancerrelated deaths [4]. While most ER+ breast cancer may initially
respond to endocrine treatment, 15–20% of tumors are intrinsically
resistant to treatment, and another 30–40% acquire resistance to
treatment over a period of many years [5]. Resistance to treatment
inevitably results in relapse and metastasis, leading to death.
Understanding the underlying causes of treatment resistance has,
therefore, been the focus of many studies to address this major
clinical problem.
Years of research on endocrine therapy resistant ER+ breast cancer
disease models identified activation of growth factor pathways as one
mechanism of resistance. While clinical trials are still ongoing to test
the possibility of targeting these pathways in endocrine treatment
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resistant patients, results so far have been mixed. It is possible that
adaptive growth factor activation is a continuous process due to the
selective pressure of drug treatment. Although targeting drivers of
resistance arising in compensatory growth factor pathways may be
initially effective, over time, therapeutic resistance is inevitable, as
the tumor acquires a new driver. Identifying and targeting resistance
drivers in these circumstances is challenging and remains a clinical
problem. Therefore, it is critical to gain a more complete understanding of the underlying resistance mechanisms and elucidate
targets for therapeutic intervention.
More recently, the mutational burden and clonal diversity of ER+
breast tumors have come under genomic scrutiny which has
provided critical insights into the underlying causes of therapeutic
resistance. Results of these studies suggest that over the course of
tumor evolution, clonal subpopulations of ER+ breast tumors
continuously arise during treatment that confer resistance to
endocrine therapies [6]. Some clones may harbor defects in DNA
single-strand break repair mechanisms that contribute to high
somatic mutation load leading to intrinsic resistance in ER+ breast
tumors [1,2]. Other clones may harbor somatic mutations in ESR1, NF1
or DDR1 which is associated with poor prognosis in breast tumors
treated with tamoxifen [7,8]. During disease progression and
prolonged exposure to endocrine therapy, subclones harboring
other forms of somatic mutations may be selected for and enriched in
metastatic tumors. In addition to the emergence of well-established
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cells and in a MutL− PDX model in response to endocrine treatment in
combination with CDK4/6 inhibitors. These data were further verified
by genomic analysis of the NeoPalAna clinical trial which measured
neoadjuvant response of ER+ breast tumors to an aromatase inhibitor
and CDK4/6 inhibitor treatment [11]. Together, these findings suggest
that loss of MutL function can be considered a viable diagnostic
strategy to predict endocrine treatment resistance and sensitivity to
CDK4/6 inhibition.
An extension of these findings is to question whether other DNA
damage repair pathways have similar effects on endocrine treatment
resistance when defective. A second screen in patient tumor data
identified key members of nucleotide excision and base excision
repair (NER, BER) pathways, particularly CETN2, ERCC1 and NEIL2, as
having a similar role (Figure 1B) [2]. Loss of these key genes lead to
dysregulated G1-S transition, hence making the models more
sensitive to CDK4/6 inhibitors (Figure 1D). These results further
support that defects in single-strand break repair mechanisms play a
role in driving endocrine therapy resistance. In addition, these results
provide strong pre-clinical rationale to develop diagnostic
approaches that can test for the loss of these pathways in ER+
breast tumors to guide treatment selection. More detailed studies of
these pathways are currently in progress.

Endocrine therapy resistance in primary breast cancer

Low frequency genomic variants

DNA Damage Repair Deficiency

Cancer-associated mutations can be broadly classified into two types:
(1) Hereditary and (2) Somatic. While the role of former is widely
studied in breast cancer (BRCA1/2, ATM) [12,13], somatic mutations
are relatively less explored, especially in the context of ER+ tumors.
ESR1 and ERBB2 (HER2) mutations are well-established examples of
how mutations can associate with poor prognosis and inadequate
response to therapy [14–16]. But there are other classes of uncommon
genomic variants that have the potential to generate therapeutic
hypotheses. When targeted DNA sequencing of 83 genes using
samples from primary ER+ breast cancer patients (625 postmenopausal women treated uniformly with adjuvant tamoxifen, the “UBCTAM cohort”), a set of previously unreported somatic mutations,
along with the usual suspects, that associated with prognosis, were
identified [7]. The significance of this study lies in the utilization of
almost 20-year-old patient samples to understand the prognostic
effects driven by the mutational landscape of ER+ disease. Using
bioinformatics and statistical approaches that overcame the lack of
matched normal DNA samples, somatic mutations were identified
in each case. This study confirmed the prognostic effects of wellreported somatic mutations. For example, MAP3K1 and PIK3CA
mutations were observed in luminal A cases and associated with
favorable prognosis (Figure 1B). Similarly, TP53 mutations was
observed primarily in luminal B cases and associated with poor
prognosis. What was particularly interesting is identification of rare
somatic mutations that strongly associated with poor prognosis,
including NF1 frame-shift/nonsense (FS/NS) mutations and DDR1
missense mutations. In UBC-TAM, NF1 FS/NS mutations were a poor
outcome driver that was further validated in independent patient
cohort (METABRIC) (Figure 1B). Similarly, DDR1 mutations were
strongly associated with poor prognosis in UBC-TAM after false
discovery correction (Figure 1B). Because of lack of mutation data on
DDR1 gene status in METABRIC, a secondary validation could not be
performed. The prognostic effects of other mutations in ERBB2,
ERBB4, JAK1, LTK, MAP3K4, MET, PDGFRA, RB1, RELN, and TGFB2 also
await further study in larger sample sizes. Data from the Arimidex,
Tramoxifen, Alone or in Combination (ATAC) trial should be available
soon and will likely provide additional insights regarding the impact
of mutations in ER+ breast tumors treated with endocrine therapy.
These findings suggest that the long tail of low frequency somatic
mutation events in luminal breast cancer may provide molecular
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activating ESR1 point mutations [9], formation of ESR1 fusion genes
have now been documented as another acquired mutational
mechanism that drives both endocrine therapy resistance and
metastasis in ER+ breast cancer [3].
Meanwhile, CDK4/6 inhibitors have emerged as one of a handful of
targeted agents that can prove efficacious in the endocrine treatment
resistant setting. However, CDK4/6 inhibitor use in the clinic is
associated with some challenges: (a) this is an expensive intervention
that has to be continued long-term to remain effective, (b) is
associated side effects that include neutropenia, fatigue, and nausea
and importantly, (c) not all endocrine-refractory tumors respond to
CDK4/6 inhibition. Therefore, an emerging critical need in breast
cancer research is to identify markers that predict both resistance to
endocrine treatment and response to CDK4/6 inhibitors, in order to
identify the precise population of patients who can benefit from this
treatment strategy. In a sense, CDK4/6 inhibitor therapy is a good
example of a targeted yet “biomarker-untargeted” therapy.
In an attempt to address this challenge, we have conducted
extensive, “omics” screens in patient tumors, and have discovered
several novel mechanisms that underlie endocrine treatment
resistance and CDK4/6 inhibitor sensitivity, thereby identifying new
biomarker candidates for predictive diagnostics.
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The discovery of a role for DNA damage repair defects in inducing
endocrine treatment resistance is not unexpected but the details have
remained obscure. TCGA analysis of >800 primary ER+ breast tumors
opened the door for high-throughput data analysis in patient tumors.
A reanalysis of TCGA data identified high somatic mutation load in
ER+ tumors as associated with significantly worse patient survival
[10]. This observation led to the hypothesis that underlying DNA
damage repair defects that induce high mutation load may also
directly contribute to endocrine treatment resistance. A screen to
examine the frequency of DNA damage repair defects and association
with poor prognostic metrics identified mismatch repair (MMR) as
the primary pathway, that when defective, induces resistance to
endocrine treatment. Notably, only the MutL complex of mismatch
repair, i.e. MLH1, PMS1 and PMS2, contributed to this clinical
phenotype (Figure 1A, B), while none of the other mismatch repair
components appeared to have a similar effect [1]. Functional studies
conducted in ER+ breast cancer cell lines in vivo and in vitro identified
loss of MutL gene function as causal to endocrine treatment resistance
in ER+ breast cancer cells [1]. In the same study, this causal link was
supported by experiments using patient-derived xenograft (PDX)
models.
Transcriptomic and proteomic screens using MutL deficient
(MutL−) ER+ breast cancer cells and PDX lines indicated that these
cells lost the ability to activate Chk2 in response to endocrine
treatment. Chk2 is a cell cycle checkpoint protein that is instrumental
for inhibiting CDK4/6 activation, and thereby preventing transition
from G1 to S phase of the cell cycle. One of the specific functions of
the MutL complex during DNA repair is to activate Chk2. Therefore,
defects in MutL genes result in impaired Chk2 activation, and a failure
of cancer cells to arrest in response to endocrine treatments
(Figure 1B). Functional experiments in multiple cell lines, and
corroborative experiments in PDX lines confirmed this causal link.
This finding leads naturally to the hypothesis that loss of MutL,
resulting in unrestrained CDK4/6 activation can be addressed by
downstream inhibition of CDK4/6 (Figure 1D). Pharmacological
targeting of CDK4/6 using in vitro and in vivo experimental models
validated this hypothesis by demonstrating significant growth
inhibition and even tumor regression of MutL− ER+ breast cancer
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Fig. 1. Mechanisms of endocrine therapy resistance in ER+ breast cancer and treatment strategy. (A,B). Normal breast cancer cells can give rise to primary ER+ breast
tumors that include clonal subpopulations that harbor genomic alterations. Some of these clones may harbor loss of components in the MutL complex (MLH1, PMS1,
PMS2) involved in the mismatch repair pathway (MMR) or loss of CETN2, ERCC1, and NEIL2 which are critical components in directing nucleotide excision and base excision repair (NER, BER). Other clones may contain individual prognostic mutations such as MAP3K1 or PIK3CA mutations which are associated with favorable prognosis, or
contain TP53, or increasingly rare mutations in NF1 (non-sense/frameshift mutations) and DDR1, all three of which have been associated with poor prognosis. It is still
unclear how NF1 and DDR1 mutations impinge on treatment resistance. (C) During disease progression, acquired ESR1 alterations have been identified in endocrine-refractory, metastatic tumors. These include ESR1 point mutations, the most common of which cluster in the LBD of ESR1 (Y537S and D538G) and also include the generation
of in-frame ESR1 fusions. These alterations produce constitutively active mutant proteins that are able to drive endocrine therapy resistance. (D) Loss of single-strand DNA
damage repair pathways leads to uncoupling of ER-dependent activation of CDK4/6 through ATM and CHK2, while ESR1 mutant proteins constitutively activate the CDK4/
6/Rb/E2F axis which leads to de-regulation of the cell cycle at the G1-S checkpoint. CDK4/6 inhibition with palbociclib suppresses endocrine therapy resistant proliferation
driven by both loss of single strand break repair mechanisms and ESR1 alterations. Activation function 1, AF1; DNA-binding domain, DBD; ligand-binding domain, LBD;
activation function 2, AF2.
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Metastasis of breast cancer to distant organs is the leading cause of
death from the disease. It is estimated that over 150,000 women are
living with metastatic breast cancer in the US [17] and approximately
60% of metastatic breast tumors are ER+ [18]. While early stage breast
cancer patients may benefit initially from endocrine therapies, many
experience progression with metastatic disease due to acquired
resistance.
ESR1 point mutations that cluster around the ligand-binding
domain (LBD) is a well-established mechanism of acquired endocrine
therapy resistance. They have been found in up to 40% of endocrinerefractory ER+ metastatic breast tumors [9]. The most common of
these mutants, ESR1-Y537S and ESR1-D538G, confer constitutive,
hormone-independent activation of ER, leading to endocrine therapy
resistance and upregulation of metastasis-associated genes
(Figure 1C) [19].
More recently, as RNA sequencing (RNA-seq) has become more
widely implemented as part of precision oncology programs,
detection of in-frame ESR1 fusion genes that encode functional
ESR1 fusion proteins are increasingly being detected in metastatic
ER+ breast tumors (Figure 1C) [3,20,21]. The first functional and
stable ESR1 fusion protein, ESR1-YAP1, arising from a fusion transcript
between the first 6 exons of ESR1 fused in-frame to C-terminal
sequences from the Hippo pathway coactivator, YAP1, was found in a
patient with pan-endocrine therapy resistant, metastatic ER+ breast
cancer [20]. ESR1-YAP1 lacks the LBD of ESR1 and is therefore resistant to all endocrine therapies that target the LBD, such as tamoxifen
and fulvestrant. A follow-up study characterized a variety of out-offrame and in-frame ESR1 fusions from both primary and endocrine
therapy-resistant, metastatic ER+ disease [3]. A second fusion was
identified, ESR1-PCDH11X, that has the same fusion pattern as ESR1YAP1 (i.e. the first 6 exons of ESR1 fused in-frame to C-terminal
sequences from PCDH11X and consequently also lacks the LBD of
ESR1). ESR1-PCDH11X was also identified in an endocrine-refractory
metastatic breast tumor and encoded a stable, functional fusion
protein. Results from experimental models, including a PDX model
naturally harboring that ESR1-YAP1, showed that these two ESR1
fusions drove profound endocrine therapy resistance [3].
Interestingly, a role for ESR1 fusions in the metastatic process was
also discovered [3]. Both ESR1-YAP1 and ESR1-PCDH11X fusions
altered the ER cistrome, activating epithelial-to-mesenchymal transition (EMT) genes leading to increased cellular motility and metastatic
capacity to the lung. This potentially explains the underlying
mechanism associated with fatal disease progression in the metastatic
patients from which these two driver ESR1 fusions were identified in.
An additional in-frame ESR1 fusion that also produced stable fusion
protein, ESR1-NOP2, was discovered in a treatment-naïve primary
tumor, but was transcriptionally inactive and did not induce
endocrine therapy resistance nor promote metastasis-associated
biology [3]. Collectively, these results suggest that formation of
transcriptionally active ESR1 fusions is, like ESR1 point mutations, a
mechanism of acquired resistance that not only alters response to
endocrine therapy, but also triggers metastasis, linking these
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The role of ESR1 fusions in driving endocrine therapy resistance
and metastasis

two lethal processes together. The same study was also the first to
report a therapeutic strategy to treat ESR1 fusion-driven growth.
Transcriptionally active ESR1 fusions were found to activate the CDK4/
6/pRb axis, and subsequent pharmacological targeting with a CDK4/6
inhibitor, palbociclib, suppressed growth driven by ESR1-YAP1 and
ESR1-PCDH11X (Figure 1D). This suggests that the diagnosis of an
ESR1 fusion could aid in stratifying patients to receive CDK4/6
inhibitor therapy as an alternative to chemotherapy, even after the
development of profound endocrine therapy resistance.
In another study to better understand the mechanism underlying
transcriptional activation and therapeutic vulnerabilities of ESR1
fusions, ESR1 fusion interacting proteins were examined [22]. Results
showed that recruitment of the 26S proteasome is enhanced to ESR1YAP1 transcriptional complexes compared to WT-ER and ESR1 LBD
point mutants. Subsequent pharmacological targeting with a
proteasomal inhibitor, MG-132, blocked ESR1-YAP1 induced transcriptional activity in vitro. Furthermore, growth of ESR1-YAP1 fusion
expressing breast cancer cells was suppressed by bortezomib, a
specific 26S proteasome inhibitor. Bortezomib is approved for use in
multiple myeloma and is in phase II clinical testing in combination
with fulvestrant for patients with endocrine-refractory, metastatic
ER+ breast cancer [23]. This proteasomal inhibition strategy targeting
specific co-factors that are recruited to ESR1 fusion complexes
potentially represents an additional therapeutic strategy to target
ESR1 fusion-driven breast tumors.
A recent study reported additional in-frame ESR1 fusion transcripts
identified in endocrine-refractory, metastatic ER+ breast tumors that
produced stable ESR1 fusion proteins, ESR1-DAB2 and ESR1-GYG1
[21]. Despite limited functional studies with these two fusions, they
both follow a similar fusion pattern as ESR1-YAP1 and ESR1PCDH11X. This suggests that a highly recurrent fusion pattern
consisting of the first 6 exons of ESR1 fused in-frame to C-termini
of diverse gene partners may be linked to endocrine-refractory
metastatic ER+ disease.
The number of functionally significant ESR1 fusions identified to
date remains very few and it is estimated that ESR1 fusions account
for at least 1% of metastatic breast cancer cases [21]. Further studies
examining more examples of ESR1 fusions from endocrine-refractory
and metastatic disease are required to better understand the
incidence of ESR1 fusions in late-stage breast cancer. Studies
investigating structure function relationships and preferred gene
partners of ESR1 fusions are also needed. In addition, more research is
needed to better understand the functional and therapeutic
significance of transcriptionally active ESR1 fusions. Whether all
such fusions activate similar transcriptional programs and whether
growth promoted by all these fusions can be suppressed with CDK4/6
inhibitors is unknown. Finally, a better understanding of targets for
therapeutic intervention is needed for ESR1 fusion driven tumors.
Although CDK4/6 inhibition suppressed ESR1 fusion-driven growth,
it did not cause tumor regression [3]. Therapeutic strategies to treat
ESR1 fusion-driven tumors beyond CDK4/6 and 26S proteasome
inhibitors remains unexplored.
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explanations for poor clinical outcomes that requires a series of
collaborative efforts to thoroughly screen thousands of properly
annotated ER+ cases. Additionally, extensive functional studies
should be performed to understand the biological effects of low
frequency somatic mutations that associate with poor clinical
outcomes in patient datasets. It would also be important to
investigate whether mutations in these key genes can create a
therapeutic vulnerability that can be exploited to benefit endocrinetherapy resistant cases.
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Conclusions and future directions
The major cause of death from ER+ breast cancer is driven by
endocrine therapy resistance and metastasis. Collectively, the studies
described herein have deepened our understanding of the contributing factors that trigger drug resistance and metastasis. Key to these
seminal findings have been the analysis of next generation
sequencing of breast tumors from both early and late-stage disease.
Results of these analysis have identified loss of function in singlestrand DNA repair as a new class of endocrine therapy resistance
drivers in ER+ breast tumors. Defects in MMR, NER, and BER pathways
directly deregulates estrogen-regulated cell cycle activity through
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CDK4 thereby inducing resistance. Another critical factor in identifying mutational drivers of therapeutic resistance was the generation
and analysis of sequencing data from large-scale ER+ breast cancer
cohorts that were treated uniformly and with long-term follow-up to
link the genomic information to clinical phenotypes and outcomes.
By refining laboratory techniques to extract genomic material from
samples over 20 years old in combination with informatics
approaches to deal with the lack of matched normal DNA samples,
rare somatic mutations in NF1 and DDR1 were identified that were
associated with poor prognosis, in addition to well-reported PIK3CA
and MAP3K1 mutations associated with a favorable prognosis in ER+
breast cancer. Sequencing studies from late-stage ER+ breast tumors
identified the formation of ESR1 fusions that have a role in endocrine
therapy resistance mediated by estrogen-independent activation of
CDK4/6 activity and also a role in driving the metastatic process by
activating EMT genes. These studies have contributed to establishing
the role of ESR1 fusion genes as a mechanism underlying treatmentresistance and metastasis in ER+ breast cancer.
Taken together, these results potentially provide clues explaining
the clonal diversity observed in ER+ breast tumors that contribute to
drug resistance [6]. Subclonal populations may arise partly driven by
defects in DNA repair mechanisms that confer endocrine therapy
resistance while also increasing mutational load thereby potentially
driving clonal diversity while other rare populations may harbor
mutations in NF1 or DDR1 that are associated with poor prognosis
(Figure 1A, B). Exactly how NF1 missense/truncating and DDR1
mutational events drive treatment resistance remains unclear and
is the focus of ongoing investigation by our group. After the
development of drug resistance, additional mutational mechanisms
may be acquired during disease progression such as the generation of
in-frame ESR1 fusion genes observed in the metastatic setting
(Figure 1C).
More large-scale sequencing studies using samples with
detailed clinical information and follow-up will be required to
further validate the responses of tumors with single-strand break
defects to CDK4/6 inhibitor treatment. In tumors that are MutL
proficient, it is still unclear whether or not other aberrant DNA repair
pathways may contribute to resistance and warrants further
investigation. Additional sequencing data on relapsed samples will
also be required to better understand the incidence of ESR1 fusions in
the metastatic setting. The two active ESR1 fusions, ESR1-YAP1 and
ESR1-PCDH11X, were identified in a small-cohort of late-stage ER+
cases. Larger sample sizes from endocrine-refractory, metastatic
biopsy specimens will be required to better understand the landscape
of ESR1 fusions in metastatic disease.
These studies also have important therapeutic and diagnostic
implications. The finding that loss of single-strand DNA repair
mechanisms and ESR1 fusions induce sensitivity to CDK4/6 inhibitors
suggests that a clinical diagnosis of either mechanisms could be
used to stratify patients to CDK4/6 inhibitor treatment to treat both
intrinsic and acquired endocrine therapy resistance (Figure 1D).
These findings may ultimately drive clinical trials and therefore have
significant impact to improve survival in ER+ breast cancer.
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Research priorities in prediction of response in early breast cancer
Lisa A. Carey, MD, ScM, FASCO*†
Distinguished Professor of Medicine
University of North Carolina at Chapel Hill, Lineberger Comprehensive Cancer Center

A B S T R A C T

early breast cancer

With increasingly effective treatments, breast cancer outcomes have markedly improved, so goals of research in
the modern era must be to tailor treatment to risk and response – we must escalate therapy in those who need
better, more effective drugs, but we must also de-escalate therapy in those who are overtreated by current
approaches. Research priorities in the upcoming years will be to better identify tumor biologic features
conferring a high sensitivity to drugs, thereby allowing more tailored and less aggressive regimens, as well as
tumor features conferring resistance to drugs, which can be then be omitted. The neoadjuvant approach to
therapy, which has become the standard for HER2-positive and triple negative breast cancer, has already given
us response-tailored therapy through the advent of residual disease strategies; we will need to learn to leverage
this approach even more to further tailor treatment and maximize clinical benefit.
© 2019 Elsevier Ltd. All rights reserved.
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Breast cancer outcomes have been steadily improving for several
decades, due largely to advances in treatment across the clinical
spectrum [1]. When breast cancer was a more morbid and mortal
condition, research was focused on one concept – improving efficacy.
While improved efficacy remains a goal, it is a goal for an increasingly
limited population that are doing poorly, and additional, equally
valuable goals for research in the next era must be to identify
populations that need better, more effective approaches, populations
in whom current treatment paradigms are optimal, and populations
in whom overtreatment is a problem.
Drug therapy is clearly a component of this shift to both “escalating”
treatment in those who need more aggressive approaches, and “deescalating” treatment in those either predestined to do well, or in
whom existing therapeutic strategies are particularly effective. A key
consideration is that there are two strong influences on this strategy.
Prognostic factors are those features that identify good or bad
outcomes regardless of treatment. Classic examples are the anatomic
extent of disease such as tumor size or nodal status. It is crucially
important to keep prognostic factors in mind, because if the natural
history of the disease is excellent (an example is a microinvasive
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node-negative breast cancer) then there is no purpose to identifying
greater or lesser response to drugs the patient does not need.
Predictive factors, conversely, affect outcome as a function of their
impact on response to treatment, are usually biologic features, and
are the focus of this review. Examples of predictive factors are HER2
and the estrogen receptor (ER). It should be noted that many
predictive factors also have prognostic impact independent of drug
response, for example, before the advent of HER2-targeting, HER2
overexpressing tumors were known to have a poor prognosis.
Priorities for drug response prediction to be addressed in the
upcoming years include:

•
•

identifying response-relevant biology for de-escalating drug
therapy
optimizing the neoadjuvant setting for tailored or escalated
therapy.

These two themes will be explored further in this review by clinical
subset since the opportunities and landscape are very different across
subsets by hormone receptors and HER2.
HER2-positive breast cancer
HER2-positive breast cancer, which comprises about 15% of incident
tumors, is an aggressive subset of breast cancer with the worst
prognosis of all clinical subsets in the era before HER2-targeting.
However the advent of anti-HER2 drugs, beginning with the
demonstration of trastuzumab effectiveness in the advanced setting
(late1990’s) and subsequently in the adjuvant setting in 2005, has
transformed outcomes in this subset, which now has among the best
outcomes of all clinical subsets. However, standard regimens for
HER2-positive breast cancer typically involve 2–3 chemotherapy
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pCR and RD in outcome in triple negative disease. This is not
surprising given that typically the entire drug regimen was
administered preoperatively without additional adjuvant therapy.
That landscape has recently changed with the CREATE-X trial that
examined 6 months’ adjuvant capecitabine in HER2-negative
residual disease; this positive trial appeared driven by the triple
negative subset and has resulted in a shift to the administration of
additional adjuvant therapy in residual disease [5]. There is a high
degree of interest in the RD setting for clinical trials in triple negative
disease, with multiple ongoing trials examining chemotherapy,
immune checkpoint inhibitors, and other interventions.
While molecular subtyping of the tumor has not demonstrated the
ability to predict responsiveness to chemotherapy, as in HER2positive breast cancer immune activation measured by TILs or gene
expression signatures suggest both a prognostic and predictive effect,
with higher pCR rates to chemotherapy in tumors with a high degree
of TILS infiltration, and better prognosis. Future efforts to de-escalate
to less chemotherapy may be able to leverage this effect to identify
patients with triple negative disease who may be treated with less
aggressive chemotherapy regimens. Given the emerging importance
of the distinction between residual disease and not, efforts to
noninvasively identify residual disease accurately without going to
surgery may open doors to novel interventions tested when the
residual tumor is still in place.
Estrogen Receptor (ER)-positive, HER2-negative
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drugs and 1–3 anti-HER2 drugs. With disease-free survival in the
most recent trials well in excess of 90%, this subset is clearly
overtreated and ripe for de-escalation and tailoring strategies. An
early effort at successful de-escalation was the APT trial, in which
small node-negative HER2-positive breast cancer was treated with 12
weeks’ paclitaxel plus trastuzumab, the latter continuing for a total of
one year with 3-year disease-free survival (DFS) of 98% [2]. This
minimal approach is appropriate for the trial population of stage I
cancer patients, and incorporates a prognostic factor (stage) with a
predictive factor (HER2 for trastuzumab benefit). Future efforts
should improve on the predictive capabilities to allow similar
approaches in stage II–III patients.
One way to identify response is through neoadjuvant drug
administration, in which the extent of residual cancer is a direct
measurement of drug sensitivity. In HER2-positive cancer, patients
in whom the drugs produced pathologic complete response ( pCR,
or total eradication of the tumor) have markedly better survival
than those with residual disease (hazard ratio, HR 0.36) [3] This
relationship of pCR to outcome and its role as an intermediate
biomarker resulted in the FDA’s endorsement of pCR as a valid
endpoint for registrational trials in 2013. However, several caveats
have become clear about pCR as a goal of treatment. First, while it
identifies responsive and resistant disease, it does so imperfectly.
While pCR is clearly associated with much better survival, DFS in
HER2-positive breast cancer with pCR after chemotherapy plus antiHER2 drugs varies substantially. Conversely, most patients with
residual disease after the same therapy do not relapse. Second, the
role of pCR and residual disease (RD) as intermediate biomarkers
will be altered by the use of compensatory drugs in the RD setting.
The KATHERINE trial demonstrated that treatment with adotrastuzumab emtansine, instead of conventional trastuzumab, in
patients with RD after chemotherapy plus trastuzumab, improved
3-year invasive DFS by over 10% [4]. Finally, while the neoadjuvant
setting is good for identification of predictive biomarkers, what
predicts short-term response to therapy and long-term survival
may differ, which is true across all clinical subsets including HER2positive.
With all these caveats in mind, recent neoadjuvant studies have
contributed enormously to our understanding of potential predictive factors that will allow more careful drug therapy and perhaps
chemotherapy omission. Several trials have examined pCR to allbiologic regimens typically including trastuzumab with pertuzumab
or lapatinib, and sometimes also with antiestrogens in those that
are also ER-positive. While pCR rates are lower, typically closer to
20% than the 40–60% seen with chemotherapy plus HER2-targeting
drug trials, these trials provide opportunity to identify “HER2addicted” tumors with the potential for no-chemo regimens.
Intrinsic subtype studies suggest that two predictive factors: the
HER2-Enriched subtype, and the presence of tumor infiltrating
lymphocytes (TILs) or other evidence of intratumoral immune gene
activation, strongly and independently impact on pCR and outcome
after HER2-targeted regimens, both with and without chemotherapy. Strategies using these predictive factors may allow tailored
strategies in the future.
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Many of the predictive (and prognostic) factor advances in tailoring
therapy in early breast cancer have come in this clinical subset,
which makes up the majority of incident breast cancers. The primary
clinical challenge has been in identifying those at risk of relapse
in spite of endocrine therapy, and who will benefit from chemotherapy. These advances have taken advantage of the fact that genes
related to augmented endocrine sensitivity are also typically
associated with lower sensitivity to chemotherapy, and vice versa.
This is true of virtually all commercial assays such as Oncotype Dx™,
Mammaprint™, Prosigna™, Endopredict™, and the Breast Cancer
Index™, which are used to identify patients at very low risk of relapse
with endocrine therapy alone in node-negative and 1–3 involved
axillary lymph nodes.
Prospective trials providing Level 1A evidence of the benefit of
these assays in clinical decision-making, MINDACT and TAILORx,
demonstrated no apparent benefit of chemotherapy in Mammaprintlow or in Recurrence Scores less than 26. MINDACT was designed to
identify if patients with “high” clinical risk but low genomic risk had
distant metastasis-free survival without chemotherapy of at least
92%, and met this threshold. However the enrolled population was
largely stage I–II, with <5% T3 tumors, and fewer than 15% had 2 or
more involved lymph nodes [6], making it difficult to ascertain how
much of this outcome was based on good prognosis versus response
to endocrine therapy. The TAILORx randomized patients with low/
intermediate Recurrence Scores (between 11 and 25) and demonstrated no benefit of chemotherapy, however the population was all
node-negative, and 75% were stage I so unquestionably a good
prognosis group, making response to additional drugs less relevant.
Whether these tests would perform similarly in a higher risk group is
uncertain.
Moving forward, the neoadjuvant arena may help identify highly
endocrine-sensitive tumors within higher clinical stage tumors.
Unlike the other clinical subsets, pCR is rare in ER-positive, HER2negative disease, so investigators have had to work on alternative
intermediate biomarkers for this subset. One of these putative
response predictor for endocrine sensitivity is the Preoperative
Endocrine Prognostic Index (PEPI). The PEPI score, which incorporates post-treatment tumor size and nodal involvement with Ki67, is

Triple negative breast cancer
This subset, also comprising about 15% of incident cancers, has the
poorest prognosis of all subtypes in part because treatment is limited
to chemotherapy, although outcomes in this subtype have also
benefited from advances in chemotherapy with anthracycline/
taxane-based regimens and dose-dense approaches. Although
histologically and molecularly heterogeneous, these variations
seem to be prognostic rather than predictive of drug response.
Neoadjuvant trials suggest a particularly large difference between
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In early breast cancer of all subtypes, outcomes have improved so that
both escalation (more and better drugs and regimens) and deescalation (reducing overtreatment) are equally important. Research
into drug response will continue to be key to success and will derive
from thoughtful neoadjuvant trials and well-performed biologic
analyses from tissues routinely obtained during the performance of
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Conclusion

these trials. Unmet needs for both of these priorities include the tools
for noninvasive identification of residual disease and building wellannotated tissue correlates into clinical trials testing escalation and
de-escalation strategies.
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an integrated clinical and pharmacodynamic measurement of drug
effect therefore combining prognostic and predictive elements into
one measurement. In ACOSOG Z1031, postmenopausal women with
mostly stage II tumors received one of 3 aromatase inhibitors
neoadjuvantly. Those with PEPI 0 scores had excellent prognosis
without chemotherapy [7]. The ALTERNATE trial (NCT01953588) is
designed to validate the PEPI score for endocrine therapy alone in
higher clinical risk tumors. In several studies, including Z1031, higher
response or PEPI score was seen in Luminal A tumors compared with
Luminal B; more sophisticated subtyping may aid in identifying
highly endocrine-sensitive tumors. For these reasons, the main
research priority in this subset is to create the tools to identify highly
endocrine-sensitive tumors to allow rational omission of chemotherapy in multimode-positive and stage III tumors; a second priority
is to identify drugs that can improve outcomes in these high risk but
chemotherapy-insensitive tumors.

S33

The Breast 48S1 (2019) S34–S38

Contents lists available at ScienceDirect

The Breast

on
ly

j o u r n a l h o m e p a g e : w w w. j o u r n a l s . e l s e v i e r . c o m / t h e - b re a s t

Estimating the magnitude of clinical benefit of local therapy in patients with DCIS
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A B S T R A C T

DCIS

DCIS represents a heterogeneous disease with a wide range of outcomes according to biology. Without
treatment, it is estimated that only 20–30% of DCIS will progress to invasive cancer. Long-term outcomes
following treatment are at least as favorable as those for some other early stage cancer types such as prostate
cancer, for which active surveillance is routinely offered as a standard of care option. However, active
surveillance has not yet been tested in relation to DCIS. Worldwide, there are three international trials (LORIS,
COMET, LORD) which are evaluating whether DCIS with favorable biologic features may be managed with close
monitoring, with treatment only undertaken upon disease progression. These trials will determine whether
there may be some women with low-risk DCIS who do not substantially benefit from treatment and who could
thus be safely managed with close surveillance. If active monitoring for DCIS is deemed to be safe and feasible,
additional work must be done to optimally implement this approach, involving effective communication
between patients and their physicians about the risks and benefits of treatment versus surveillance. Importantly,
these treatment decisions must take into account patient factors such as risk tolerance, age, and competing
causes of mortality.
Tailoring treatment to biology for early screen-detected cancers such as DCIS is an important goal of ongoing
research. An improved understanding of the biology and clinical implications of this heterogeneous disease will
improve the overall health and quality of life for hundreds of thousands of future women who will be diagnosed
with DCIS.
© 2019 Elsevier Ltd. All rights reserved.
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Ductal carcinoma in situ (DCIS) is a non-obligate precursor of invasive
breast cancer, and makes up over 25% of all mammographically
detected breast cancers [1]. DCIS was rarely diagnosed prior to
widespread mammographic screening, but now almost one in 1000
mammograms will detect DCIS, almost all of these diagnosed in
asymptomatic individuals [2]. Without treatment, it is estimated that
only 20%–30% of DCIS will progress to invasive cancer [3–6]. However,
once diagnosed, almost all women are treated according to current
guidelines with a combination of surgery, radiation and endocrine
therapy – treatments similar to those recommended for patients
with invasive breast cancer. With standard treatment, long-term
breast cancer specific survival among patients treated for DCIS
exceeds 95% [7,8].
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This review examines the evolution of the mainstay of management for DCIS which heretofore has consisted of locoregional therapy,
i.e. surgery and radiation. However, the drive towards personalized
medicine has focused efforts to identify those patients most likely to
benefit from locoregional therapy, while de-escalating treatment for
those who are likely to benefit least. Emerging molecular tools offer the
potential to tailor treatment according to DCIS biology and ongoing
studies are evaluating the role of biomarkers in discriminating high
from low risk DCIS. Both genomic and proteomic approaches have been
developed and appear promising, with some adoption of these
molecular risk stratification tools into clinical practice.
For the lowest risk DCIS, clinical trials are underway to determine
whether close monitoring, such as used for early stage prostate
cancer, may be an effective alternative management strategy. Four
trials (LORIS, COMET, LORD, and LORETTA) are currently enrolling low
risk DCIS patients to active surveillance protocols, either with or
without endocrine therapy, to evaluate this question. In addition,
decision support tools may be useful to patients weighing different
treatment options, all yielding comparable survival outcomes.
Moreover, there remain fundamental biologic questions about the
factors that may create an environment that is permissive for invasive
progression, including the role of the immune environment. The
PRECISION project is one example of ongoing work in this field, and is
an international collaboration involving dozens of researchers in the
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The wide range of recurrence rates following lumpectomy presents
an opportunity to use molecular tools to refine risk estimates for
recurrence which can inform the magnitude of benefit from radiation
for an individual patient. The first such tool to be developed
specifically for DCIS is the DCIS Score® developed by Genomic
Health. The DCIS Score® is based upon transcriptomic RT-PCR
analysis of 12 genes that segregate patients into 3 risk groups: low
intermediate and high. The DCIS Score® has been tested in both a
clinical trial cohort as well as in a population-based sample, and has
been shown to distinguish high risk DCIS from non-high risk DCIS
[11,12]. More recently, a 7-marker classifier has been developed
which includes HER2, PR, Ki67, COX2, p16/INK4A, FOXA1 and SIAH2.
This marker appears to have a higher discriminatory capacity to
specifically identify those DCIS at increased risk for invasive cancer
[13]. Such molecular tests are particularly useful in patients who have
intermediate recurrence risk based on clinical criteria, in whom a
personalized risk estimate may help inform whether to pursue
adjuvant radiation therapy.
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Long-term outcomes following treatment for DCIS are at least as
favorable as those for some other early stage cancer settings such as
prostate cancer, for which active surveillance is routinely offered as a
standard of care option. Population based data support that for low
grade DCIS, surgery may not offer a significant survival benefit [18].
This observation is supported by data from the U.S. Surveillance,
Epidemiology, and End Results (SEER) Program which showed a 7.5year cumulative incidence of invasive ipsilateral breast cancer of 5.9%
(95% CI 2.3%–9.5%) among women with lowest risk disease (nuclear
grade 1 or 2, hormone receptor positive, 40 years or older at
diagnosis) who did not undergo surgery following a DCIS diagnosis
[19]. Notably, this level of risk of invasive cancer in patients with
unresected low risk DCIS is comparable to that conferred by both
lobular carcinoma (LCIS) and atypical ductal hyperplasia (ADH), both
of which are now considered to be risk factors for breast cancer, rather
than cancers requiring surgery with adjuvant therapy.
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Molecular predictors of radiation benefit

Active surveillance trials in low risk DCIS
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Radiation has been considered a useful adjunct to surgery for many
years, and in the US almost half of women with DCIS undergo breast
conserving surgery (BCS) combined with radiation [7]. The Early
Breast Cancer Trialists Collaborative Group published an overview of
randomized trials of lumpectomy for DCIS, with or without adjuvant
radiation, which showed that the 10-year ipsilateral breast tumor
recurrence (IBTR) rate was 28.1% with BCS alone compared to 12.9%
with BCS and radiation [9]. Overall, this represented a greater than
50% proportional reduction in ipsilateral recurrence, with the
absolute benefit based on baseline recurrence risk. Notably, this
benefit was independent of patient age, tumor size and margin status.
The four trials included in this analysis (NSABP B17, EORTC 10853,
UK/ANZ Trial, and the SweDCIS Study) were conducted in the 1980s
and 1990s, and included all tumor subtypes. More recently, McCormick
and colleagues presented the long-term results of NRG/RTOG 9804,
which included those patients undergoing BCS for favorable risk DCIS
only, defined as tumors of grade 1, 2, <2.5 cm, with 3mm margins or
greater [10]. At 12-years of follow up, the local recurrence rate was 11.4%
for BCS alone, compared to 2.8% for BCS and whole breast radiation,
confirming the benefit of adjuvant radiation even among the low
risk population. Important to note however, is that the reduction
of local recurrence for DCIS with radiation has not been associated
with significant improvements in breast cancer specific survival [7,8].
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Role of radiation

cases where there is suspicion for invasive cancer or where the ability
to perform subsequent sentinel node biopsy may be compromised.
After mastectomy, the local recurrence rate is 1%–2%, whereas local
recurrence after lumpectomy is dependent on tumor characteristics
such as tumor grade, size, and biologic features, as well as adjuvant
therapy [2]. In addition, surgical technique has also been associated
with local recurrence. Marinovich and colleagues analyzed margin
status and local reoccurrence (LR) rates in women with DCIS from
twenty different studies. While negative margins significantly
reduced the odds of LR, no significant additional benefit was found
for negative margins beyond 2 mm with regards to LR [16]. Based on
this comprehensive meta-analysis, numerous medical societies
(ASTRO, ASCO, SSO, and ASBrS) have endorsed a margin guideline
of at least 2 mm for DCIS whenever feasible in order to optimize local
control after BCS [17]. These guidelines apply primarily to those
patients who are undergoing lumpectomy and radiation for DCIS;
there remain limited data informing margin width in patients treated
with partial breast radiation, lumpectomy without radiation, large
DCIS, multifocal DCIS, and age <40, which all remain poorly
represented in published literature.
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Netherlands, England, and the United States conducting investigations using both preclinical and translational approaches. Such
broad-based international efforts will be required in order to better
elaborate the relationship between DCIS and invasive cancer.
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Role of Surgery

The mainstay of management for DCIS remains surgery. In the US, the
National Comprehensive Cancer Network (NCCN) treatment guidelines include either lumpectomy or mastectomy as recommended
surgical options for treatment of DCIS. Currently, almost 70% of
women with unilateral DCIS undergo BCS, 20% have unilateral
mastectomy, and almost 10% elect for bilateral mastectomy. In
Europe, management of DCIS varies across countries. On average,
78% of women undergo BCS, ranging from 67% to 90%, which is
followed by radiation in 66% of cases [14]. In France, BCS is performed
in 69.5% of women with DCIS, while 30.5% have a mastectomy [15].
Nodal assessment is generally not recommended, except in those

Estimating the clinical benefit of treatment
Although almost all DCIS is treated as if it would progress to invasion,
DCIS in fact represents a heterogeneous group of diagnoses with a wide
range of outcomes according to biology. Moreover, the benefit of
treatment is highly dependent on patient comorbidities and life
expectancy. In this setting, mathematical models may be useful in
predicting the potential benefit of treating DCIS at the time of
diagnosis, compared to treating only upon progression to invasive
cancer. In a computational model that included key variables,
including outcomes from DCIS and invasive cancer, sensitivity of
breast cancer screening, and published estimates of cancer progression
rates, we compared 10-year survival outcomes following treatment,
versus active surveillance strategy for DCIS and found the benefit of
treatment was highly dependent on age at DCIS diagnosis. For women
diagnosed at age 40, we estimated a 2.6% (95% CI: 1.4–5.1) difference in
breast cancer specific survival at 10 years favoring treatment, which
decreased to 1.5% (95% CI: 0.5–3.5) for a woman diagnosed at age 55,
and to 0.2% (95% CI: −0.9–2.2) for a woman diagnosed at age 70 [20]. In
comparison, the competing 10-year rate of other cause mortality in the
70-year old group was 16.5% (95% CI: 15.3–17.8).
These models can only provide informed estimates of cancer and
all-cause mortality; nevertheless they are useful in modeling
potential outcomes with active surveillance for DCIS in the absence
of historical patient cohorts. However, these models suggest that for
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Table 1
Active surveillance trials for low risk DCIS.
Loris [22]

Comet [23]

Lord [24]

Loretta [25]

Study Design
Country
Year of Study Activation
Accrual Target
Primary Endpoint

RCT
UK
2014
932
5-year
ipsilateral invasive
breast cancer-free
survival

RCT
US
2017
1200
2, 5-year
cumulative ipsilateral
invasive cancer
diagnosis

RCT
EU
2017
1240
10-year
ipsilateral invasive
breast
cancer-free survival

single-arm registry
Japan
2017
340
5-year
cumulative ipsilateral
invasive cancer
diagnosis

48
excluded
any
any

40
allowed
HR-positive only
any;
two biopsies required
if >4 cm
MMG
ipsilateral
q6 months,
contralateral
q12 months
optional

45
excluded
any
any

40
excluded
HR-positive only
<2.5 cm

MMG
bilateral
q12 months

MMG and US
ipsilateral
q6-12 months
contralateral
q12 months
mandatory

Imaging Schedule

MMG
bilateral
q12 months

Endocrine Therapy

optional

not allowed
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Eligibility Criteria
Minimum age at diagnosis
Comedo necrosis
Hormone Receptor Status
Maximum Allowable Size
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Trial

There are currently 4 open trials internationally for low risk DCIS which seek to evaluate outcomes of surveillance. The trial designs of the 3 RCTs are similar, and will allow for a combined metaanalysis of study endpoints. RCT=Randomized Controlled Trial.

account patient factors such as risk tolerance, age, and competing
causes of mortality.
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subgroups with substantial competing risk of mortality due to age or
comorbidities, or in those patients diagnosed with low risk of
invasive progression, an indiscriminate strategy of treatment for all
DCIS may not significantly benefit some groups of patients. This is the
fundamental concept underlying active surveillance studies for low
risk DCIS. Worldwide, there are four international trials (LORIS,
COMET, LORD, LORETTA) which are evaluating whether DCIS with
favorable biologic features may be managed with close monitoring,
with treatment only undertaken upon disease progression (Table 1).
These trials will determine whether there may be some women with
low-risk DCIS who benefit little from treatment and who could thus
be safely managed with close surveillance, either with or without
endocrine therapy.

Decision support tools
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One area in which there is important ongoing work is in the
development of tools which may help patients weigh the tradeoffs
between different approaches. When managing a diagnosis such as
low risk DCIS which carries a very low mortality risk, the selection of
treatment is highly preference sensitive, and based upon the relative
values patients place on different treatment attributes. This will not
only require effective educational materials, but also assessment of
an individual’s tolerance of uncertainty and risk. As part of the
COMET study, we have developed a patient-facing decision support
tool that helps to compare the risks, benefits and long-term outcomes
with each treatment option (Figure 1). Such tools will facilitate these
complicated discussions which evaluate potential tradeoffs of
surgery and radiation versus close monitoring.

Tradeoffs of treatment versus surveillance

Fo
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Treatment and surveillance represent two very different approaches
for managing low-risk DCIS. The intent of locoregional treatment is to
remove all DCIS in order to prevent progression to invasive cancer.
Surgery may be disfiguring or associated with complications, or may
result in long-term post-surgical symptoms such as neuropathy, pain,
and numbness. Equally harmful may be the psychosocial effects of
treatment, which may result in poor body image, depression, or low
self-esteem. On the other hand, while a surveillance strategy could
potentially help patients avoid these treatment-related effects,
ongoing monitoring with imaging and physical examination may
induce fear or anxiety. In addition, if cancer is discovered during
surveillance, patients may have a higher likelihood of needing
mastectomy, chemotherapy, or radiation. These advantages and
disadvantages must be considered together with the patient in
order to make a treatment decision that is in accordance with the
patient’s individual preferences and goals.
Towards a patient-centered approach to DCIS treatment decisions
If active monitoring for DCIS is deemed to be safe and feasible,
additional work will be required to optimally implement this
approach, involving effective communication between patients and
physicians about the risks and benefits of treatment versus
surveillance. Importantly, these treatment decisions must take into

Conclusion
Current treatment guidelines for DCIS result in excellent outcomes.
However, overdiagnosis and overtreatment of low risk subgroups
have the potential to harm patients as well as influence allocation of
limited medical resources. There are ongoing clinical trials and
collaborative international efforts to better understand the biological
basis of invasive progression, in an effort to provide improved risk
stratification and to identify new targets aimed specifically for
prevention of invasion. The PRECISION project is one such effort
spanning multiple sites in the Netherlands, UK and US, which is
studying DCIS through preclinical, translational, and clinical trial
perspectives [21]. An improved understanding of the biology and
clinical implications of this heterogeneous disease coupled with a
patient centered approach will improve the overall health and quality
of life for future women who will be diagnosed with DCIS.
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Figure 1 Decision Support Tool that compares risks and benefits of DCIS treatments. This patient-facing tool allows patients to compare the tradeoffs of different treatment
options, based on published outcomes from prospective randomized trials. Such web-based tools can be used either in the clinic or at home and allows the patient to directly
compare treatments and associated long term outcomes, The figure shows the projected outcome for a 55 year old woman with low-risk DCIS undergoing lumpectomy alone
(www.DCISoptions.org).
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A B S T R A C T

Ductal Carcinoma In Situ

The challenge of effective management of ductal carcinoma in situ (DCIS) and other pre-malignant disorders of
the breast is to select patients who will not progress to invasive carcinoma from those at the highest risk who
require radiotherapy and/or endocrine therapy to minimize the risk of a subsequent invasive recurrence.
Although IBIS-II and NSABP-B35 DCIS phase III trials proved that tamoxifen 20 mg/day and anastrozole reduce
the risk of ipsilateral and contralateral events, the toxicities of both drugs have hampered the drug uptake by
high-risk women. We recently reported results of a 3-year placebo-controlled trial of low-dose (5 mg/d)
tamoxifen in 500 women with intraepithelial neoplasia (70% DCIS). At a median follow-up of 5 years, women
randomly assigned to low-dose tamoxifen had half the number of subsequent diagnoses of DCIS or invasive
cancer compared with those randomly assigned to placebo but no increase in thromboembolic events or
endometrial cancers. The 5-year number needed to treat was 22 (95% CI, 20–27). Our attention is now focused on
prognostic and predictive markers to identify patients who can derive the greatest benefits from low dose
tamoxifen, such as for instance the expression of 23 genes involved in cell cycle progression (CCP). In conclusion,
we endorse an active treatment of DCIS as the standard of care.
© 2019 Elsevier Ltd. All rights reserved.

Lobular Carcinoma In Situ
Atypical Ductal Hyperplasia
Tamoxifen
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The natural history of Ductal Carcinoma in Situ (DCIS) is heterogeneous. Some forms of DCIS remain indolent throughout the lifespan
of a patient, whereas other forms have a higher propensity to advance
into life-threatening invasive disease.
The latest analyses indicating limited benefit of radiotherapy
in terms of breast cancer-associated mortality [1] have suggested
that more conservative approaches, omitting adjuvant radiotherapy
or systemic therapy, may be advisable in selected patients. The
consequence is that an increasing number of studies have shown
variation among institutions, regions, and nations in the use of
interventions, reflecting uncertainty as to the optimal approach for
management of DCIS [2,3].
The goal is now to distinguish subtypes that would have a good
prognosis with limited intervention from those requiring radio and
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Ospedali Galliera, Mura delle Cappuccine 14, 16128 Genova, Italy.
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systemic therapy to achieve optimal outcomes yet avoiding overtreatment. From the SEER data we learnt that breast cancer specific
mortality for DCIS was only 3.3% (95% CI, 3.0–3.6) at 20 years.
Significant risk factors for breast cancer specific mortality were young
age, Afro-American race, high grade, estrogen receptor negative,
size >2 cm and most importantly the occurrence of an invasive
recurrence.
In the present review, we present an update of the systemic therapy
of ER-positive breast DCIS or pre-invasive disease addressing the
magnitude of clinical benefit on recurrence and contralateral breast
cancer and the controversies related to adjuvant/preventive endocrine therapy, including the recent data on our low dose tamoxifen
trial.
Standard dose tamoxifen
Two randomized phase III trials demonstrated that tamoxifen 20 mg/
day reduces the risk of ipsilateral and contralateral events by
approximately 30% both at 10 and 15 years [4,5]. The UK/ANZ DCIS
study randomly assigned 1701 women to radiotherapy and tamoxifen, radiotherapy alone, tamoxifen alone, or no adjuvant treatment
[4]. After a median follow-up of 12·7 years, 163 invasive breast
cancers (122 ipsilateral vs. 39 contralateral) and 197 DCIS (174

S40

M. Lazzeroni et al. / The Breast 48S1 (2019) S39–S43

Table 1
New breast events according to invasive, non-invasive or contralateral cancers in tamoxifen trials of DCIS or pre-invasive disease.
Trial

All events

NSABP-B24*
UK/ANZ*
TAM-01**
NSABP-P1***

Invasive

In situ

Contralateral

T

P

HR

P-value

T

P

HR

Pvalue

T

P

HR

Pvalue

T

P

HR

Pvalue

84
151
14
25

130
204
28
67

0·63 (0·47–0·83)
0·71 (0·58–0·88)
0·48 (0·26–0·92)
0·37 (0·22–0·60)

0·0009
0·002
0·02
<0·0001

41
69
11
M

70
85
19
M

0·57 (0·38–0·85)
0·81 (0·59–1·12)
0·56 (0·27–1·18)
M

0·004
0·2
0·13
M

43
77
3
M

60
111
9
M

0·68 (0·46–1·04)
0·67 (0·50–0·90)
0·33 (0·09–1·20)
M

0·08
0·008
0·09
M

18
17
3
NA

36
38
12
NA

0·48 (0·26–0·87)
0·44 (0·25–0·77)
0·25 (0·07–0·88)
NA

0·01
0·005
0·02
NA
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increased risk of developing breast cancer (based on a family history
of breast cancer or abnormal benign breast disease) were randomly
assigned (1:1) to receive oral tamoxifen 20 mg daily or matching
placebo for 5 years. After a median follow up of 16·0 years (IQR 14·1–
17·6), 601 breast cancers have been reported (251 [7·0%] in 3579
patients in the tamoxifen group vs. 350 [9·8%] in 3575 women in the
placebo group; hazard ratio [HR] 0·71 [95% CI 0·60–0·83], p < 0·0001)
[10]. Table 1 summarizes the main findings of all tamoxifen studies in
women with pre-invasive disease, including TAM-01 with a low dose.
There was no significant effect on mortality in any study.

lu

ipsilateral vs. 17 contralateral) were diagnosed [4]. Tamoxifen
reduced the incidence of all new breast events (HR 0·71, 95% CI
0·58–0·88), reducing recurrent ipsilateral DCIS (0·70, 0·51–0·86) and
contralateral tumors (0·44, 0·25–0·77), but had no effect on ipsilateral
invasive disease (0·95, 0·66–1·38) [4]. The NSABP B-24 was a doubleblinded, placebo-controlled trial of women with DCIS, treated with
BCS and randomly assigned to RT (n = 900) or RT + tamoxifen
(n = 899) [6]. Originally reported at 74 months’ median follow-up,
an updated analysis at 163 months showed that RT + tamoxifen
reduced by 32% the incidence of ipsilateral invasive recurrence
compared with RT alone (6·6% vs. 9·0%), with a 15-year cumulative
incidence of 10·0% for RT and 8·5% for RT + tamoxifen [5]. The 15-year
cumulative incidence of all contralateral breast cancers was 10·8% for
RT alone, and 7·3% for RT + tamoxifen [5]. In NSABP-B24, invasive
recurrence was significantly associated with increased mortality risk,
whereas recurrence of DCIS was not [5]. Furthermore, retrospective
evaluation of ER status subgroup analysis of the NSABP B-24 trial
showed that patients with ER-positive DCIS treated with tamoxifen
had a significant decrease in subsequent breast cancer occurrence at
10 years (hazard ratio [HR], 0·49; P < 0.001) and overall follow-up (HR,
0·60; P = 0.003), which remained significant in multivariable analysis
(overall HR, 0·64; P = 0.003) [7]. In contrast, no benefit was seen with
tamoxifen in ER-negative DCIS. Based on the NSABP B-24 trial,
adjuvant tamoxifen at 20 mg/day plus radiotherapy was considered
appropriate for the management of ER positive DCIS.
Two additional phase III trials assessed the effect of full dose
tamoxifen in high risk women, including those with pre-invasive
disease such as LCIS and ADH [8,9]. The National Surgical Adjuvant
Breast and Bowel Project, Prevention-1 (NSABP P-1), was the first
randomized trial to demonstrate tamoxifen’s effectiveness in the
primary prevention of breast cancer among 13,388 women with three
risk factor profiles: (1) age ≥60 years, (2) age 35–59 years with a Gail
model 5-year predicted risk for breast cancer ≥1.66%, or (3) age 35–59
years with a history of LCIS. Participants were randomized to
tamoxifen or placebo. At a mean follow-up of 4 years, tamoxifen
was associated with 49% fewer invasive breast cancers [8]. At a
subsequent analysis after 7 years of follow-up, women with a prior
history of LCIS (n = 413 in the placebo arm and n = 416 in the
tamoxifen arm) had a borderline statistically significant 46%
reduction in the tamoxifen arm (number of events = 29 vs. 16, risk
reduction = 0·54, 95% CI 0·27–1·02; rate per 1000 person-years, 11·7 in
the placebo arm vs. 6·3 in the tamoxifen arm). In addition, women
with prior history of ADH (n = 615 in the placebo arm and n = 581 in
the tamoxifen arm) had a significant 75% reduction with tamoxifen
(number of events = 38 vs. 9, risk reduction = 0.25, 95% CI 0·10–0·52;
rate per 1000 person-years, 10·4 in the placebo arm vs. 2·6 in the
tamoxifen arm) [9].
In the IBIS-I randomized controlled trial, 7154 premenopausal and
postmenopausal women 35–70 years of age deemed to be at an
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*These studies included DCIS only.
**These studies included ADH, LCIS, and DCIS.
***The studies included ADH, LCIS and unaffected high risk subjects, data have been extracted only for patients with ADH and LCIS.
NA: not applicable.
M: missing data.
Numbers do not always add up because of missing data.

Anastrozole
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The hypothesis that an aromatase inhibitor would be safer and more
effective then tamoxifen was subsequently investigated in two phase
III trials that were published concomitantly [11,12]. The main findings
in terms of efficacy are summarized in Table 2. In the IBIS-II (DCIS)
trial [11], a double-blind, randomized placebo-controlled trial, 2980
postmenopausal patients with hormone-receptor-positive DCIS
treated with BCS with or without RT were randomly assigned in a
1:1 ratio to receive anastrozole 1 mg/day or tamoxifen 20 mg/day for
5 years. The median follow-up was 7·2 years. No statistically
significant difference in overall recurrence was observed between
the arms. A total of 69 deaths was recorded and no specific cause was
more common in one group than the other and also the number of
women reporting any adverse event was similar between arms. The
side-effect profiles of the two drugs differed, with more fractures,
musculoskeletal events, hypercholesterolemia, and strokes with
anastrozole and more muscle spasm, gynecological cancers and
symptoms, vasomotor symptoms, and deep-vein thrombosis with
tamoxifen [11]. In the NSABP B-35 trial, 3104 postmenopausal
women with hormone receptor-positive DCIS treated by BCS + RT
were enrolled and randomly assigned (1:1) to receive either oral
tamoxifen 20 mg per day (with matching placebo in place of
anastrozole) or oral anastrozole 1 mg per day (with matching
placebo in place of tamoxifen) for 5 years [12]. At a median followup of 9 years, anastrozole significantly improved breast cancer free
interval compared with tamoxifen only in women younger than 60
years, whereas no clear efficacy differences were seen in women aged
60 or older and in disease free interval including second primary
cancers other than breast and any death [12]. The incidence of uterine
cancer was higher with tamoxifen compared to anastrozole (17 vs. 8
cases), although the difference was not significant. Arthralgias
(≥grade 2) were reported in 23–32% of patients, with higher severity
in the anastrozole group. Myalgias were reported less frequently in
the anastrozole group but were more severe in this group than in the
tamoxifen group. Prognosis was excellent in both trials, with less
than 0·5% total breast cancer mortality after at least 7 years median
follow-up, without difference between agents. Toxicity was different
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Table 2
Breast cancer incidence in IBIS II DCIS and NSABP B-35 trials of adjuvant tamoxifen vs. anastrozole after surgery for DCIS.

NSABP B-35
(N = 2938)

Tamoxifen N (%)
Anastrozole N (%)
HR (95% CI)
P-value
Tamoxifen N (%)
Anastrozole N (%)
HR (95% CI)
P-value

Ipsilateral invasive

Ipsilateral in situ

Contralateral invasive

Contralateral in situ

67 (5%)
77 (5%)
0·83 (0·59–1·18)
0·31
122 (7%)
90 (5·8%)
0·73 (0·56–0·96)
0·02

22 (1%)
20 (1%)
0·77 (0·40–1·48)
0·44
22 (1·4%)
17 (1·1%)
0·76 (0·40–1·43)
0·39

23 (2%)
21 (1%)
1·03 (0·55–1·91)
0·93
33 (2·1%)
29 (1·9%)
0·87 (0·53–1·43)
0·59

25 (2%)
17 (1%)
0·68 (0·36–1·29)
0·24
40 (2·6%)
21 (1·4%)
0·52 (0·31–0·88)
0·01

6 (<1%)
8 (<1)
1·02 (0·33–3·18)
0·97
20 (1·3%)
18 (1·2%)
0·90 (0·47–1·69)
0·73

without a clear superiority of one agent over the other, providing an
opportunity for a personalized treatment based on individual patient
characteristics.
Tamoxifen or Anastrozole?

months. Endometrial proliferation was assessed by Pipelle biopsy in
superficial, deep glandular, and stromal compartments after 12
months. Tamoxifen increased endometrial thickness but not Ki-67
expression, which was lower on 5 mg/day among the three doses
[19]. Based on this finding, the dose of 5 mg/day was considered the
most effective and thus selected for a phase III trial.
Prospective cohort studies have been conducted while waiting the
results of this randomized phase III trial. The most recent study showed
that 10 mg on alternate days was able to halve recurrence from DCIS in
postmenopausal women [20]. Guerrieri-Gonzaga et al. assessed the
effect of low-dose tamoxifen on ipsilateral recurrence in DCIS patients
treated in a tertiary referral Institution between 1996 and 2008.
Following conserving surgery, women received radiotherapy and/or
low-dose tamoxifen upon clinical judgment and patient preferences.
Among 1091 women with DCIS and median age 53 years (IQR: 46–62),
544 (49.9%) received radiotherapy. Of the 833 women with ER-positive
DCIS, 467 (56·1%) received low-dose tamoxifen. After a median of 7·7
years, 235 ipsilateral recurrences and 62 contralateral breast tumors
were observed. Low-dose tamoxifen significantly decreased any breast
event (HR = 0·70, 95% CI: 0·54–0·91) and ipsilateral DCIS recurrence
(HR = 0·66, 95% CI: 0·49–0·88), but not ipsilateral invasive recurrence
or contralateral tumors. Radiotherapy showed a large significant
reduction for any breast event (HR = 0·55, 95% CI: 0·42–0·72).
Tamoxifen was more effective on all breast events in women aged
>50 years than in women aged ≤50 (HR = 0·51, 95% CI: 0·33–0·77 versus
HR = 0·84, 95% CI: 0·60–1·18, p-interaction = 0·03). Age ≤50 years,
positive margins, high Ki-67, high grade and low body mass index
(BMI) were independent predictors of ipsilateral recurrence. No
increase of endometrial cancers and fewer deaths ( p = 0.015) were
observed on tamoxifen relative to the no tamoxifen group [20]. All
these findings strengthened the rationale for the phase III trial TAM01
[21]. We conducted a multicenter randomized trial of tamoxifen, 5 mg/
day or placebo administered for 3 years after surgery in women with
hormone sensitive or unknown breast intraepithelial neoplasia,
including atypical ductal hyperplasia, lobular or ER positive or
unknown ductal carcinoma in situ. The primary endpoint was the
incidence of invasive breast cancer or DCIS. Five-hundred women aged
75 or younger were included. After a median follow-up of 5.1 years,
there were 14 neoplastic events on tamoxifen and 28 on placebo
(HR = 0·48, 95% CI, 0·26–0.92, p = 0·02), resulting in a 5-year number
needed to treat (NNT) of 22 (95% CI, 20–27). Tamoxifen decreased
also contralateral breast events by 76% ( p = 0·02), and patient
outcomes were not different between arms except for a slight increase
in frequency of hot flashes on tamoxifen ( p = 0·05). Twelve serious
adverse events on tamoxifen and 16 on placebo were reported,
including one deep vein thrombosis and one stage-I endometrial
cancer on tamoxifen and one pulmonary emboli on placebo [21].

Low-dose tamoxifen
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Endocrine therapy can be offered to women as part of the adjuvant/
preventive therapy for DCIS and LCIS/ADH. Tamoxifen is the only
option in premenopausal women, although its efficacy in patients
younger than 40 years has not been adequately assessed [13]. In
postmenopause, although there might be a slight trend to a higher
benefit of anastrozole (reported in one trial only in women aged
below 60 years) [12], adjuvant/preventive therapy should be decided
taking into account the safety profile of each drug. For example,
tamoxifen should be avoided in women with a uterine proliferative
disorder, history of deep-vein thrombosis, or severe cataract. On the
other hand, women with osteoporosis or high risk of stroke should be
treated with tamoxifen rather than anastrozole. Importantly, the take
home message is that women who develop uncomfortable symptoms
or important adverse events on one drug may have the option of
treatment with the other agent without compromising efficacy.
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IBIS II DCIS
(N = 3077)

All events
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Tamoxifen toxicity is a major issue and partly explains the low uptake
of tamoxifen as preventive therapy [14]. The increase of menopausal
symptoms and the subsequent decreased quality of life are
significantly associated with treatment withdrawal [15,16]. When
we think about tamoxifen administration at standard dose (20 mg/
day) for primary prevention after a diagnosis of DCIS, the lack of
benefit in terms of breast cancer related mortality combined with
side effects suggests a need for a de-escalation strategy. Dose deescalation has been studied in several trials to determine its minimal
effective dose [17]. Our first biomarker trial revealed that 5 mg was
non-inferior to 20 mg/day in inhibiting proliferation of breast cancer
[18]. DeCensi et al. compared the effects of tamoxifen at 1 and 5 mg/
day with those of the standard dose of 20 mg/day on breast cancer
proliferation using a surrogate endpoint biomarker (Ki-67 expression). Authors randomly assigned 120 women with ER-positive breast
cancer to tamoxifen at 1, 5, or 20 mg/day for 4 weeks before surgery.
Compared to baseline, expression of Ki-67 decreased in all three
tamoxifen groups, with no difference in the magnitude of reduction
among groups (P = 0.81). After four weeks of treatment, Ki-67
expression decreased by a median of 15% (95% confidence interval =
0·0% to 24·1%) among the tamoxifen groups but increased by 12·8%
(95% confidence interval = 0·0% to 19·6%) among the non-randomized
control groups [18].
The similar non-dose-related effect was demonstrated subsequently in normal endometrial tissue [19]. Two hundred ten
current or de novo hormone replacement therapy users were
randomly assigned to one of the following four arms: tamoxifen
1 mg/day and placebo/week, placebo/day and tamoxifen 10 mg/
week, tamoxifen 5 mg/day and placebo/week, or both placebos for 12

Clinical benefit estimates of systemic therapy in patients
with DCIS
The results of the TAM-01 trial [21] are consistent with the effect of
20 mg/day of the NSABP-B24 subgroup analysis of hormone sensitive
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now to find prognostic and predictive markers and/or effect modifiers
to identify patients who can derive the greatest benefits from low
dose tamoxifen in terms of new breast events. For instance, one
important issue is the possible different efficacy of low dose
tamoxifen in pre - vs postmenopausal women or in high proliferating
vs. low proliferating tumors according to the expression of 23 genes
involved in cell cycle progression (CCP) [31].
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Conclusion and future directions

Fo

Treatment de-escalation is an important strategy to manage low risk
DCIS given the low risk of breast cancer specific mortality and the lack
of evidence of a mortality reduction with radiotherapy [1]. Our low
dose tamoxifen trial followed this avenue with a full strategy of deescalation consisting of a lower dose, a shorter treatment duration
and the spare of radiotherapy in low risk DCIS. Our findings show that
tamoxifen 5 mg/day for 3 years can halve the incidence of new breast
neoplastic events in women with hormone sensitive or unknown
breast intraepithelial neoplasia with only marginally different drug
related toxicity from placebo, providing a new treatment paradigm in
women with these disorders. Effectiveness of low dose tamoxifen is
confirmed by the low NNT and the favorable likelihood of being
helped or harmed (LHH) ratio, which compare favorably with other
preventive therapies such as statins in the primary prevention of
cardiovascular disease [30]. Anastrozole, which is not registered in
women with pre-invasive disease outside the UK, appears to be
equally effective in postmenopausal women but has a different
spectrum of side effects which may lead to personalized treatment
approach based on individual’s risk factors. The focus of our team is
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DCIS, where the HR was 0·58 (95% CI, 0·42–0·81) [7]. As previously
mentioned, TAM-01 trial results indicate a 5-year NNT of 22, a
number needed to harm (NNH) of about 250 and a likelihood of being
helpful 10 times higher than of being harmful, a favorable trade-off
compared with the full dose [9,22,23]. Deep vein thrombosis and
pulmonary embolism were not increased during low dose tamoxifen,
when in fact the risk of pulmonary emboli with the full dose of
tamoxifen was 3-fold in the NSABP-prevention-1 trial [9], and the
odds ratio of venous thromboembolism in the four prevention trials
with full dose tamoxifen was 1·60 (95% CI, 1·21–2·12) [24,25]. Based
on these findings, we would expect 2.4 cases of deep vein thrombosis
and pulmonary embolism with 20 mg day in TAM-01 study.
Moreover, one stage-I endometrial cancer was reported on low
dose tamoxifen, with a mean rate of 0·85/1000 person-years. In the
NSABP-B-14 trial, the risk of endometrial cancer was tripled
compared with placebo [26]. NSABP-P1 trial showed similar data,
with a rate of endometrial cancer of 2.24/1000 on tamoxifen vs. 0.88
on placebo (RR = 3.28) [9]. The OR of endometrial cancer on tamoxifen
in the prevention trials was 2·18 (95% CI, 1·39–3·42) [24]. We would
therefore expect 2.7 cases of endometrial cancer with 20 mg day in our
low dose tamoxifen study [21]. Notably, we found no increase in
endometrial polyps and a small change of endometrial thickness, two
markers of increased endometrial proliferation which occur with
20 mg/day [27]. Italian data indirectly suggest that the risk of deep vein
thrombosis and pulmonary embolism or endometrial cancer is
approximately 2.5 times lower with 5 mg than 20 mg/day [21].
Finally, since menopausal symptoms often compromise patients’
quality of life and adherence to tamoxifen treatment (especially
when administered in the prevention setting) [15,16], DeCensi et al.
used validated self-administered questionnaires at each visit, paying
special attention to these participant reported outcomes. Their
findings showed that the frequency and the intensity of hot flashes
were significantly increased on tamoxifen by an average of less
than two flashes per day. In a previous tamoxifen prevention trial of
20 mg/day, the rate of newly diagnosed hot flashes was 67/1000 on
placebo and 119/1000 on tamoxifen (RR = 1·78, 95% CI,1·57–2·00) [28].
Other symptoms were not affected by tamoxifen at a low dose,
including pain with intercourse, vaginal dryness, musculoskeletal
pain and arthralgia, the most frequent adverse effect of aromatase
inhibitors. In contrast, the full dose of tamoxifen was associated with
a doubling of vasomotor symptoms and sexual problems compared
with placebo [15,16,28,29]. Notably, tamoxifen markedly reduced
the incidence of headache, similarly to the full dose [28].
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Targeting immune pathways in breast cancer: review of the prognostic utility of
TILs in early stage triple negative breast cancer (TNBC)
Elizabeth F Blackleya and Sherene Loia,b, *,†
a

Peter MacCallum Cancer Centre, Melbourne, VIC, Australia
University of Melbourne, Melbourne, VIC, Australia

b

A B S T R A C T

TILs

Breast cancer has been one of the last tumor types to see benefit from immunotherapies. Yet, immune infiltrates
have been noticed for decades in primary breast cancers. Lately, quantity of tumor infiltrating lymphocytes (TILs)
have been reported to have strong prognostic value in improving estimates of distant recurrence-free survival,
disease-free and overall survival in early-stage triple negative BC (TNBC) treated with standard adjuvant/
neoadjuvant chemotherapy (Level 1B evidence). Quantity, as a percentage of tumor stromal infiltration, is based
on an evaluation by pathologists using light microscopy on H&E stained glass slides (see method at www.
tilsinbreastcancer.org) [1,2] at time of diagnosis ( pre-treatment and in the residual disease post neoadjuvant
chemotherapy). Whilst TILs are currently not used for treatment allocation, this is an active area of investigation.
Combination of atezolizumab with nab-paclitaxel in a phase III study has recently seen success in terms
of improved progression free and overall survival for the PD-L1 -positive population of metastatic TNBC in
the first line/newly relapsed setting [3]. This has led to approval of atezolizumab for use in this setting. However,
this population was only 41% of the trial population. Data in advanced breast cancer currently suggest
requirement for enrichment of the population for preexisting anti-tumor immunity for benefit to PD(L)1
inhibition.
Checkpoint inhibitors are currently being investigated in the early-stage setting in a number of phase II/III trials
in TNBC with various different anti- PD-1, PD-L1 and CTLA-4 agents. In this context, we will face issues of the best
chemotherapy backbone, the possible detrimental role of steroids and growth factor support, risk of
overtreatment, differences between PD-1 and PD-L1 inhibition and if we can use a biomarker to effectively
escalate or de-escalate chemotherapy and/or use checkpoint inhibition in this setting.
© 2019 Elsevier Ltd. All rights reserved.
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Triple negative breast cancer (TNBC) continues to hold the poorest
prognosis of breast cancer subtypes with tumours displaying a highly
proliferative, aggressive phenotype leading to high rates of both local
and distant recurrence [4]. In addition to the aggressive nature of
TNBC the lack of sensitivity to endocrine agents and limited targeted
therapy options contribute to significantly shorter disease free and
overall survival, making alternate therapeutic strategies highly
sought after.
The addition of chemotherapy for the treatment of high risk early
stage TNBC led to significant improvements in disease recurrence
rates however this progress comes with associated toxicities
including cardiac risk, life threatening infectious complications and
long term peripheral neuropathy affecting function and quality of life
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[5]. Judicious decision making in regards to the risks and benefits of
adjuvant therapies is necessary.
Traditionally prognostication and decisions regarding adjuvant
therapies for early stage TNBC have been guided by clinicopathologic
factors including tumour burden, grade, size and proliferative index
in addition to patient factors such as age and comorbid conditions.
More recently, genomic assays have provided an extra tool to guide
treatment recommendations in some disease phenotypes. However,
in the current landscape of clinical trials and immunotherapy the
absence of a reliable, reproducible biomarker to guide decision
making is far from ideal.
TILs in breast cancer
While breast cancers have traditionally been thought to be less
immunogenic than other tumour types, immune infiltrates have been
noticed in primary breast cancer specimens for many years leading to
the introduction of immunotherapy into trials in both early and
advanced breast cancers across all immunophenotypes.
It has been well established that the host microenvironment is an
important factor in predicting response to immune checkpoint
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All studies in the analysis used the practice guidelines developed
by the International Immuno-Oncology Biomarker Working Group
[1] in quantification of TILs and all but one was a fully prospective
trial. Stromal and Intra-tumoral TIL quantification was collected and
analyzed as a continuous variable, with sTILs used as the primary prespecified biomarker given this had been found to be more easily
reproducible compared with iTILs. Endpoints of interest were
invasive disease free survival (iDFS), distant disease free survival
(dDFS) and overall survival (OS).
Minimum median follow-up across all endpoints was 6.5 years.
Overall, complete data sets including sTILs and clinicopathologic
information was available for 1826 patients.
Of these patients 32.9% had lymph node negative disease and all
had received anthracycline alone or anthracycline plus taxane as
adjuvant therapy. Mean sTILs level was 23% and median was 15%
with lower quantities of sTILs found in older patients, low grade
tumours, large tumours and those with higher burden of nodal
disease. Higher grade tumours were found to have higher levels of
sTILs, which is consistent with previous findings. There was a
significant association between quantity of sTILs and improved
outcomes across all endpoints. The magnitude of prognostic effect
was similar regardless of the adjuvant chemotherapy regimen
received (anthracycline alone vs anthracycline plus taxane).
In regards to absolute benefit each 10% increment in sTILs
corresponded to an iDFS hazard ratio (HR) of 0.86, dDFS of HR 0.83
and OS HR of 0.83. Given this pooled analysis used TILs as a
continuous variable with a resulting linear relationship between
increase in TILs and improved disease free survival it is difficult to
select a cut-off value for what is considered high vs. low TIL quantity.
The exploratory cut-off of 30% was chosen as it reflected the top
quartile of sTIL levels across all three endpoints of interest. Using this
cut-off of 30% a survival analysis was performed stratified by nodal
status and TILs greater than 30% showing that although there were
large absolute differences observed across all nodal categories those
with quantities of TILs about the 30% cut-off have excellent disease
free survival outcomes.
Multivariate analysis confirmed the significant and independent
prognostic value of both sTILs and iTILs in early stage TNBC with
sTILs contributing significant additional prognostic value when
added to standard clinicopathologic prognostic models alone.
Interestingly iTILs did not show this same additive benefit. The
integrated clinicopathologic prognostic model combining standard
prognostic factors and sTIL quantity is freely accessible at www.
tilsinbreastcancer.org [1,2]. This means that evaluation of TILs can
provide useful prognostic information for patients with earlystage TNBC and may provide further reassurance about their
prognosis or referral for clinical trials for those with other high risk
features.
As a results of its prognostic value, TILs will be added as a
clinically useful biomarker in the pathological analysis of breast
cancers in the 2019 WHO “Blue Book” classification of breast
tumors.
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inhibition, with particular interest in tumour infiltrating lymphocytes (TILS) as a marker of immunogenicity. TILs are a mixture of
pro-inflammatory immune cells such as cytotoxic CD8 T cells, natural
killer, dendritic, and T helper cells and those with immune
suppressor action including B cells and regulatory CD4 T-cells that
are found in both tumour and the surrounding microenvironment of
primary breast cancers [6,7].
TILs are detected using light microscopy on haematoxylin and
eosin (H&E) stained slides. Quantity is measured using the area
occupied by TILs as a percentage of the total stromal area, not the
number of cells themselves, and is based on an evaluation by
pathologists using practice guidelines developed by the International
Immuno-Oncology Biomarker Working Group [1,2]. A distinction
between intra-tumoral TILs (iTILs), which have direct cell-to-cell
contact with malignant cells and stromal TILs (sTILs), located in the
fibrous stroma adjacent to tumor cells is important as evaluation of
intratumoral TILs is more difficult and less reproducible than
evaluation of stromal TILs. For this reason, measurement of sTILs
is preferred over iTILs in most clinical trials (1).
Another biomarker of interest to predict the immunogenicity
of tumour and aid in prognostication is PD-L1, the quantification
of programmed cell death protein 1, ligand 1 on tumor cells.
Programmed cell death protein 1 (PD-1) is the predominant
checkpoint present on both CD8+ and CD4+ T cells, whilst Cytotoxic
T lymphocyte-associated antigen 4(CTLA-4) is present on T regulatory
cells. The benefit of using PD-L1 as a predictive biomarker is the
availability of therapeutic options directly targeting this pathway of
immune escape. However, there are many drawbacks of using PD-L1
as a marker of immunogenicity including the reliance on manual
interpretation by pathologists and most notably that it is a
measurement of only one of the many potential mechanisms of
immune evasion used by tumor cells.
In contrast, the use of TILs could be reflective of the overall adaptive
immune response. Important limitations of the use of TILs currently
include dependence on manual quantification with potential human
error, the limited expertise amongst pathologists, although the
development of a training website (www.tilsinbreastcancer.org)
has provided a useful tool for those wanting to upskill. The potential
for heterogeneity of quantity of TILs in a single tumour sample has
also been described as has the discordance between primary tumour
and metastatic deposits- potentially including locoregional lymph
node metastases.
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With the evolving role of TILs as a biomarker of immune modulation
of malignant cellular proliferation and prediction of response to
immunotherapy there has been increasing interest in the potential
for other ways to utilize this biomarker. Currently this is largely of
interest in the clinical trial population but there is increasing
evidence of prognostic utility in patients receiving standard adjuvant
therapies following treatment for early breast cancer.
Data from large clinical trials has confirmed the utility of TILs as a
prognostic biomarker in early breast cancer, particularly in triple
negative and HER2 subtypes with demonstration of a strong linear
relationship between increased TIL levels and improved recurrencefree survival [8–10].
Recently published pooled analysis of prospective data in patients
with TNBC confirm a high quantity of TILs is indicative of an adaptive
immune response conferring a comparatively favourable prognosis
[11]. Data taken from 9 clinical trials of over 2000 patients has shown
that the quantity of TILs is an independent prognostic factor in early
stage TNBC after adjuvant chemotherapy, indicating TILs may a useful
biomarker in contexts other than predicting response to immune
checkpoint inhibition.

Potential clinical utility of TILs in the adjvant setting
The prognostic information provided by the TIL biomarker is clear,
and as such, given that other prognostic markers in breast cancer are
routinely reported such as tumor size, Ki67, grade etc, it is reasonable
to consider adding the TIL biomarker to routine pathological reports.
Currently we do not recommend that clinicians change their
treatment decision making based on the TIL biomarker. However it
is conceivable that this may occur in the future. Small T1 tumors (T1a,
b, Node negative) patients may not require any further chemotherapy
if heavily TIL infiltrated. Four cycles of TC or AC rather than six cycles
of anthracycline-taxane chemotherapy may be also a reasonable
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Fig. 1. Example of the prognostic algorithm available to clinicians at www.tilsinbreastcancer.org [1,2].
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option in the Stage I/II TNBC if highly infiltrated and their prognosis is
excellent (Figure 1). Gathering further data to support these
arguments is of high importance.
TILs as a prognostic marker during neoadjuvant treatment
of TNBC
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Several studies of TILs in the setting of neoadjuvant chemotherapy
have shown both the predictive and prognostic value of this
marker. High TILs have been associated with higher rates of
pathologic complete response ( pCR) to neoadjuvant treatment
across all breast cancer subtypes [12,13]. Even estrogen receptor
positive breast cancers, which usually have a paucity of TIL, have
higher pCR rates in the presence of higher TILs. Similarly to in the
adjuvant setting this relationship is linear with higher response
rates for each incremental increase in TIL quantity. The study of
different TIL subsets as predictive factors in the neoadjuvant setting
is ongoing but early data suggests that a high ratio of cytotoxic CD8
cells to FOXP3, a protein that plans a key regulatory role in the
development and function of T regulatory cells is a strong predictor
of pCR.
The presence of TILs in residual disease at time of surgery of
patients with triple negative breast cancer post neoadjuvant
chemotherapy [14] has been shown to be indicative of a favourable
prognosis when compared to lack of lymphocytic infiltration. This
effect however was dependent on residual tumor burden, with the
prognostic effect diminishing with higher pathological stage of the
residual disease, despite a strong presence of CD8+ T cells. This
suggests that the immune response is being suppressed or is
ineffective in this setting. The exact reasons for this are still to be
elucidated but are highly likely to be informative for designing future
trials in this context.

TILs in advanced (metastatic) TNBC
There has been not a huge amount of published literature on the
clinical relevance of TILs in the prognostication and therapeutic
decision making process in metastatic TNBC. Results from an in house
series and the KEYNOTE 086 study [15,16] confirm that the TIL
content is significantly lower in metastatic disease samples compared with primary tumors. The KN86 study, higher levels of TILs
were also observed in the first line PDL1 positive cohort B compared
with the previously treated cohort B. Higher TIL amount was
significantly associated with higher rates of response to pembrolizumab monotherapy.
The relationship between TIL amount and prognosis in metastatic
TNBC treated with cytotoxic chemotherapy is as yet unknown. This
will be important to determine how agents such as pembrolizumab
affect overall survival in the high TIL group.
The actual immune subset composition is also poorly understood
in advanced TNBC and may vary by site of metastases. Previous data
does suggest that TIL correlate to a T cell response, but high levels of
macrophages and myeloid subsets may be also more clinically
relevant in advanced disease than primary tumors [17].
The IMpassion130 study resulted in recent US FDA approval for
atezolizumab in locally advanced and metastatic TNBC [3]. The
IMpassion130 biomarker analyses revealed that the subgroup that
derived most benefit from atezolizumab added to nab-paclitaxel
was those patients who were PDL-1 positive by the Genentech
SP142 assay. In this study, the far majority (>90%) of patients had
PD-L1 positivity detected on their immune cells, and the majority
at low levels (1–5% positive). This group was significantly enriched
for CD8 + T cells (using a proprietary Genentech assay) as well as
stromal TIL amount, evaluated on H&E slides(using the Salgado
method) [18]. It remains to be seen if other PD-L1 assays and /or
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The introduction of immune checkpoint inhibitors as standard
therapy has significantly changed the treatment paradigms and
prognosis of many types of malignancies.
Outcomes in patients with melanoma, lung, renal and many other
cancers have dramatically improved with the development of
immune checkpoint inhibitors and early biomarkers to guide their
use. Despite this proven efficacy in many tumour types it is only
recently that there has been strong evidence to support their use in
breast cancer with response rates and outcomes remaining highly
variable across different breast cancer subtypes.
The use of TILs in addition to other biomarkers of immunogenicity
including PD-L1 will likely enable clinicians to make informed
therapeutic decisions based on molecular immune information. In
the event of a patient’s tumour having a low quantity of TILs there is
potentially stronger evidence for the use of cytotoxic chemotherapy
with the potential to add to PD-(L)1 therapy. In contrast a high
quantity of TILs and lower burden of disease might suggest single
agent immunotherapy as a potential treatment option. In advanced
breast cancer, the current clinical data suggests that enrichment is
necessary for benefit to PD(L)1 agents, so far seemingly independent
of the chemotherapy backbone [18].
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Moving forward, the availability of an affordable, reproducible
biomarker to predict prognosis in early stage TNBC gives rise to the
potential of clinical trial designs with in built stratification for
immunogenic disease.
The possibility of a reliable prognostic marker paves the way for
trials of de-escalation of cytotoxic chemotherapy in those with
favourable prognostic features including high TILs with the addition
of a checkpoint inhibitor and flags the potential need for escalation
of treatment or increased surveillance in those with TILs less than
30% and higher anatomical Stage. We are yet to understand the
best immunotherapy agents and combinations in the setting of
high and low TIL patients. Further understanding of their specific
immune subsets will likely be informative in this way. The
IMpassion130 study excluded patients who relapsed less than 12
months from their adjuvant chemotherapy and included many
patients who had never had any prior chemotherapy. Therefore it is
unclear if the TNBC patients who have early recurrences and usually
do extremely poorly will derive any benefit from atezolizumab.
Further research is warranted in this setting.

Conclusion

TILs are an easily reproducible, inexpensive prognostic biomarker
that add robust information both independently and in addition to
currently used clinicopathologic factors. They represent a surrogate
for anti-tumour T cell-mediated immunity with quantities above 30%
a favourable prognosis.
Consideration of routine incorporation of stromal TILs into
standard staging and prognostic tools should be strongly considered.
Incorporating TILs routinely into clinopathologic assessment at time
of diagnosis may enable a clinician to more accurately predict the
overall prognosis for the patient. This additional information may
identify the need to pursue escalation of therapy with clinical trials or
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TILs and immunotherapy

provide reassurance in the event a patient is not able to receive full
doses of adjuvant chemotherapy.
Further research is needed to continue to improve the risk
stratification process in all subtypes of early breast cancer and to
tailor therapeutic strategies to the individual patient. However, it is
highly likely that immunotherapy will be incorporated into the
routine treatment of breast cancer in the future.
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other markers of immune activation will help us identify more
patients who will benefit from the addition of atezolizumab to nabpaclitaxel.
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HER2-positive breast cancer

Equivocal HER2 status has been variably defined in the past, and its clinical implications have long been debated.
In the 2018 focused update, ASCO/CAP guidelines recommended that tumours with double-equivocal (by
immunohistochemistry and in situ hybridization assays) HER2 status should be considered HER2-negative due
to the lack of evidence for any benefit of HER2-targeted therapy.
The biology and the response to systemic therapies of tumours co-expressing HR and HER2 is quite complex.
There is an extensive bi-directional cross-talk between these 2 pathways, that may result in both intrinsic and
acquired resistance to endocrine agents, as well as in lower sensitivity to HER2-targeted therapies. In fact, neoadjuvant studies indicate that pCR rates are significantly lower in HER2-positive/ER-positive than ER-negative
tumours, regardless the type of HER2 targeted treatment.
The recent identification of different subtypes of HER2-positive breast cancer, according to the co-expression of
HR and/or the molecular (intrinsic) subtyping, has prompted a renewed interest for clinical studies aimed at
better tailoring the systemic therapy for these patients. A subgroup of them might not need chemotherapy if
treated with dual HER2 blockade, and this option has been tested in a number of neo-adjuvant trials.
In addition, triple targeting of HR, HER2, and CDK4/6 pathways simultaneously may be an effective treatment
and overcome the drug resistance mechanisms that are typical of the disease.
Finally, HER2-positive breast cancer may well benefit from immunotherapeutic interventions with antiprogrammed cell death protein 1 (PD-1) and programmed cell death ligand 1 (PD-L1) agents.
© 2019 Elsevier Ltd. All rights reserved.

HER2-targeted therapy
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Neo-adjuvant therapy
CDK4/6 pathway
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Patients with equivocal HER2 status do not benefit from HER2targeted therapy
pCR rates after neoadjuvant chemotherapy are lower in HER2positive/ER-positive tumours
Triple targeting of HR, HER2, and CDK4/6 or PD-1/PD-L1 may be
an effective therapeutic strategy
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Immunotherapy

The challenges of equivocal HER2 status
Expression and amplification of the HER2 gene in breast carcinoma
are continuous variables, making it arbitrary to define precise
thresholds for positive and negative results. Accordingly, for both
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immunohistochemical (IHC) and in situ hybridization (ISH) assays we
have been forced to accept a grey zone of equivocal results between
those that are frankly positive and frankly negative.
In the IHC assays, equivocal results are characterised by a weak
to moderate circumferential membrane staining observed in more
than 10% invasive tumour cells. Less common equivocal patterns of
staining include an intense but incomplete membrane staining in
more than 10% invasive tumour cells (most often encountered in
invasive micropapillary carcinomas), and an intense circumferential
membrane staining in 10% or less tumour cells. An equivocal IHC
result requires reflex testing of the same sample with ISH assays, to
assess whether or not the HER2 gene is amplified [1].
In the ISH assays, equivocal results have been variably defined in
the past, according to a ratio (between the mean gene copy number
and the chromosome enumeration probe 17) of 1.8 to 2.2, or to a
mean gene copy number of 4 to <6 in tumours with a ratio of <2 [2,3].
The clinical implications of “double-equivocal” (i.e.: with equivocal
results both in IHC and ISH assays) HER2 status of breast carcinomas
have long been debated and have challenged oncologists and patients
due to a perceived ambivalence about whether to recommend HER2targeted therapy. In 2013, the ASCO/CAP guideline recommendations
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Intratumoral heterogeneity of HER2-positive breast carcinomas

The technology of gene expression profiling has unveiled the striking
molecular heterogeneity of breast carcinomas, and has paved the way
for a new classification of these tumours, based on their molecular
characteristics (intrinsic subtypes). Four major molecular classes
(Luminal A, Luminal B, HER2-enriched and Basal-like) have been
identified, and the prognostic value of this classification has been
repeatedly confirmed [8,9]. The molecular classes do partially
overlap, but do not coincide with, those defined by immunohistochemical surrogates (ER, PgR, Ki67 and HER2). This holds also true for
tumours that are clinically HER2-positive, based on IHC and ISH
assays. When subjected to gene expression profiling, only approximately half of these tumours belong to the HER2-enriched class,
while the remaining cluster with the Luminal A and B, or the Basallike subtypes [10].
It is tempting to speculate that the molecularly HER2-enriched
tumours are those clinically HER2-positive but HR-negative, whereas
the tumours that co-express HR would correspond to those that are
molecularly classified as Luminal. Unfortunately, however, this
assumption has not been confirmed by studies comparing intrinsic
subtypes and the IHC surrogates. Indeed, a fraction (10% to 18%) of
tumours that are clinically HER2-positive and HR-negative belong to
the Luminal intrinsic subtype, and 43% to 54% of tumours coexpressing HR belong to the HER2-enriched subtype when tested
with the PAM50 assay [10–13].
We also have compared the clinical and molecular classification of
5788 tumour samples of patients enrolled in the MINDACT trial using
an alternative multigene expression panel (TargetPrint, Agendia, The
Netherlands). Of the 429 clinically HER2-positive and ER-positive
samples, 216 (50.3%) were classified as HER2-enriched by the
molecular assay [14].
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HER2-positive breast cancer is defined as a tumour overexpressing
the HER2 protein (with an immunohistochemical score of 3+) and/or
showing gene amplification (with a ratio between the mean gene
copy number and the chromosome enumeration probe 17 of ≥2, or a
mean gene copy number of ≥6) [1].
Though the vast majority of HER2-positive breast cancers exhibit
overexpression of the protein and/or gene amplification in almost all
the neoplastic cells, still a number of cases show intratumoral
heterogeneity, with an intermingling of positive and negative
populations of invasive tumour cells. Sometimes, the heterogeneity
correlates with, and it may be predicted by, a morphological
heterogeneity of the tumour, like in case of mixed histologies (e.g.:
ductal and lobular) or of tumour areas with different histological
grades. More often, however, there are no identifiable morphological
differences between the HER2-positive and the HER2-negative
components. The current guidelines recommend that tumours are
considered HER2-positive when more than 10% of the invasive
neoplastic cells show overexpression or amplification of the HER2
gene. These features, however, should be observed within a
homogeneous and contiguous population of invasive tumour cells [1].

Molecular classification of HER2-positive breast cancer
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suggested that oncologists might consider HER2-targeted therapy in
such cases on the basis of patient status (comorbidities, prognosis,
and so on) and patient preferences, after discussing available clinical
evidence [3]. In the 2018 focused update of the same guidelines,
however, it is now recommended that these cases be considered
HER2-negative (without additional testing on the same specimen),
due to the lack of evidence for any benefit from HER2-targeted
therapy. Clinical correlation with other factors in a particular case
(such as grade and special histologic subtypes) or repeat testing of
other tissue samples (of the primary tumours or lymph node
metastasis if present) from the patient may also be appropriate in
this setting. In particularly challenging cases or if the results are in
question, expert consultation may be appropriate and may include
alternative probes or other molecular testing [1]. The vast majority of
these double-equivocal tumours have low abundance of HER2 mRNA
and are molecularly classified as luminal subtypes (discussed below).

se

S50

Co-expression of hormone receptors in HER2-positive tumours

Fo

rp

The prototypical features of HER2-positive breast carcinomas include
lack of hormone receptor (HR) expression, ductal histotype, moderate
to high tumour grade, and high Ki67 labelling index [4,5]. Actually,
however, 60% or more of HER2-positive breast cancers co-express
estrogen receptors (ER) and 40% to 50% of them also express
progesterone receptors (PgR), being often referred to as “triplepositive” breast cancer [6,7]. Co-expression of HR may be observed in
tumours with morphologically different cell populations (e.g.: mixed
ductal and lobular carcinomas, or tumours with high- and low-grade
components), where the ductal and/or the high-grade component is
more likely to be HER2-positive, and the other component HRpositive and HER2-negative. In most instances, however, expression
of HR together with over-expression and/or amplification of HER2 are
exhibited by the very same tumour cells. In the majority of these
cases, the neoplastic population is homogeneously positive for HER2,
and the co-expression of HR is restricted to a subset of the tumour
cells. In particular, ER immunoreactivity is more often encountered in
a lower percentage of cells, and the staining intensity is weaker, than
in HER2-negative tumours. PgR immunoreactivity may overlap
ER expression, or be lower or absent [6]. Less commonly, tumours
may show HER2 overexpression/amplification and ER immunoreactivity (with or without PgR) in the vast majority -if not all- the
neoplastic cells.

Biological and clinical implications of hormone receptor coexpression and of intrinsic subtyping
HER2-positive breast cancers that do not co-express HR, mostly
belonging to the HER2-enriched intrinsic subtype, are driven by the
activation of the HER2 pathway (HER2 addiction), and are exquisitely
sensitive to HER2-targeted therapies.
On the other hand, the biology and the response to systemic
therapies of tumours co-expressing HR is much more complex. They
may be oncogenically driven by either or both the HR and the HER2
signalling pathways, in a similar manner as for a hybrid car with two
different engines. There is an extensive bi-directional cross-talk
between these two pathways, that may result in both intrinsic and
acquired resistance to endocrine agents, as well as in lower
sensitivity to HER2-targeted therapies. There is plenty of evidence
from neo-adjuvant studies that pCR rates are significantly lower in
ER-positive than ER-negative tumours, regardless the type of HER2targeted treatment [7], either trastuzumab alone or the dual
blockade with trastuzumab and pertuzumab [15] or with trastuzumab and lapatinib [16].
Moreover, the pooled analysis of the German neo-adjuvant studies
suggests that pCR may be a suitable surrogate endpoint for HER2positive/HR-negative but not for HER2-positive/HR-positive breast
cancer patients [17].
In the adjuvant setting, however, a significant interaction between
HR status (or intrinsic subtypes) and the treatment effect of single
agent trastuzumab or of dual HER2 blockade (trastuzumab plus
lapatinib or pertuzumab) has not been documented. At variance with
the neo-adjuvant setting, patients enrolled in adjuvant trials have
also received endocrine treatment, and the prevalent mechanism(s)
of action of HER2-targeted agents may be different in the two
settings. Nevertheless, there are some limitations in the studies, such
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New treatment options for patients with HER2-positive
disease

relative reduction after 2 weeks >20% from baseline) continued
letrozole and started trastuzumab and pertuzumab for 5 cycles
achieving pCR in 20.6% of the cases. pCR rate, however, was
significantly higher in HER2-enriched vs. other subtypes (45.5% vs.
13.8%) according to PAM50 [24].
In the PAMELA trial, investigating the role of lapatinib and
trastuzumab without chemotherapy, the pCR rate (breast only) in
the cohort of hormone receptor positive/HER2-enriched after
endocrine therapy plus dual HER2 blockade was 32% [12].
In the metastatic setting, dual block of HER2 with trastuzumab and
pertuzumab combined with an aromatase inhibitor in the PERTAIN
study led to a significant 3-months longer PFS than observed with
trastuzumab and aromatase inhibitor [27]. These trials indicated that
dual targeting of HER2 is superior to single block in interfering with
the cross-talk between HR and HER2.
ER and HER2 signalling pathways exert a synergistic effect on
the cell cycle checkpoints, and there are multiple feedback loops
between these pathways. It is therefore attractive to investigate the
combination of CDK4/6 inhibitors with HER2-targeted agents and
endocrine interventions for the treatment of HER2-positive/
HR-positive disease. Triple targeting of HR, HER2, and CDK4/6
pathways simultaneously may be an effective treatment and
overcome the drug resistance mechanisms that are typical of the
disease. Furthermore, the combination is safe, with a favourable
toxicity profile and non-overlapping side effects.
This therapeutic strategy has been successfully exploited in
the neo-adjuvant setting [28] and in the advanced setting [29],
and additional clinical trials testing the triple blockade of
ER, HER2 and CDK4/6 in locally advanced and metastatic HER2positive/HR-positive breast cancer are currently recruiting
patients (ClinicalTrials.gov identifier NCT03054363, NCT02947685,
NCT02448420, NCT02675231 and NCT02657343).
An overlapping mechanism of resistance to all three drugs
probably exists (cyclin E overexpression) [30,31]. The assessment of
this and other potential resistance mechanisms should be performed
in the ongoing clinical trials testing triple combinations of antihormonal therapy with HER2 and CDK4/6-targeted agents.
Based on non-overlapping resistance mechanisms, other possible
combined therapies for the treatment of HR-positive and HER2positive breast cancer may be exploited (for example, a combination
of anti-hormonal drugs with HER2-targeted agents and PI3 K or
mTOR inhibitors). Some of these combinations are now being tested
in a clinical trial in the metastatic setting (ClinicalTrials.gov identifier
NCT03767335).
Finally, HER2-positive breast cancer may well benefit from
immunotherapeutic interventions with anti-programmed cell
death protein 1 (PD-1) and programmed cell death ligand 1 (PD-L1)
agents. Indeed, these tumours may have substantial amounts
of tumour infiltrating lymphocytes (TILs) that are associated with
the likelihood of achieving a pathological complete response
and having improved survival [32]. Preclinical studies have already
suggested that the combination of trastuzumab with drugs
targeting immune checkpoints could overcome trastuzumab resistance [33].
High expression of PD-1 and PD-L1, and other checkpoint
molecules has been observed in immune cells of HER2-positive
breast cancer [34]. We have already shown that the combination of an
anti-PD-1 drug ( pembrolizumab) and trastuzumab was safe and
showed activity and durable clinical benefit in patients with PD-L1positive, trastuzumab-resistant, advanced, HER2-positive breast
cancer [35]. A regimen including dual targeting of HER2 with
trastuzumab and pertuzumab and an anti-check point (atezolizumab
or pembrolizumab) agent is currently being tested in the neoadjuvant setting (APTneo trial, ClinicalTrials.gov identifier
NCT03125928 and neoHIP trial NCT03747120).
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as the simplistic definition of HR status ( positive vs. negative), which
does not take into account the extent of HR expression, and the lack of
centralized evaluation.
In a retrospective evaluation of records from more than 3000
patients enrolled in the HERA trial, however, we reported for the first
time a significant association between ER-positive tumours with
lower levels of HER2 gene amplification and less magnitude of benefit
to adjuvant trastuzumab [18].
Recently, in the post-neoadjuvant setting, results from the
KATHERINE trial indicate that among patients with HER2-positive
early breast cancer who had residual invasive disease after
completion of neoadjuvant therapy, the risk of recurrence of invasive
breast cancer or death was 50% lower with adjuvant T-DM1 than with
trastuzumab alone, irrespective of HR status [19].
Prior to this, however, the ExeNET trial showed that 1 year of
neratinib (an irreversible pan-HER tyrosine kinase inhibitor) after
chemotherapy and trastuzumab adjuvant therapy signiﬁcantly
reduces the likelihood of clinically relevant breast cancer relapse
[20]. Neratinib seemed to have a greater effect in patients with HRpositive breast cancer (most of whom were receiving concurrent
hormone therapy) than in those with HR-negative disease. In a model
of HER2-positive/ER-positive xenografts after tumour regrowth
following treatment with trastuzumab and paclitaxel, mirroring the
ExteNET population, treatment with neratinib and fulvestrant,
compared with fulvestrant alone, showed prolonged complete
responses in vivo and preserved sensitivity to endocrine therapy
after recurrence [21]. This observation suggests an absence of crossresistance between trastuzumab and neratinib in the hormone
receptor-positive population [20].
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The identification of different subtypes of HER2-positive breast
cancer, according to the co-expression of HR and/or the intrinsic
subtyping, has prompted a renewed interest for clinical studies aimed
at better tailoring the systemic therapy of the affected patients.
It has been mentioned already that the exquisite sensitivity of
HER2-addicted tumours to targeted therapies suggests that a
subgroup of patients with early-stage HER2-positive breast cancer,
mostly those with the HER2-enriched subtype, might not need
chemotherapy if treated with dual HER2 blockade. This option has
been tested in a number of neo-adjuvant trials, where the
combination of trastuzumab and lapatinib or pertuzumab without
cytotoxic therapy has achieved remarkable pCR rates of approximately 20–30% [12,15,22–25].
Neo-adjuvant regimens without use of systemic chemotherapy
have also been exploited for HER2-positive/HR-positive disease. In
the ADAPT HER2-positive/HR-positive trial, neo-adjuvant T-DM1
(with or without endocrine therapy) given for only 12 weeks
achieved a meaningful pCR rate, thus sparing a substantial number
of patients the adverse effects of systemic chemotherapy [26].
HER2-positive/HR-positive (or Luminal) tumours, however, represent a major therapeutic challenge because they harbour
multiple oncogenic drivers and pathways of therapeutic resistance.
The concomitant block of the HR pathway together with an
effective block of homo- and hetero-dimer signalling of HER2 by
trastuzumab and lapatinib or pertuzumab without addition of
systemic chemotherapy has been tested in the neo-adjuvant and in
the metastatic settings. The neoadjuvant TBCRC006 trial tested
the hypothesis, and showed a relatively high rate (21%) of pCR in
breast with the combination of lapatinib, trastuzumab and
letrozole [23]. In the phase II PerELISA trial, patients with HER2positive/HR-positive operable breast cancer received 2-weeks
letrozole. Then patients classified as molecular responders (Ki67
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HER2-positive breast cancer is a biologically and clinically heterogeneous disease, as documented by pathology-based assessment of HR
and HER2 status, and by the intrinsic subtyping derived from gene
expression profiles. HER2-enriched tumours (most of which do not
co-express hormone receptors) are exquisitely sensitive to HER2targeted agents, to the point that at least some patients may be cured
by dual HER2 blockade only, without systemic chemotherapy.
Tumours co-expressing HR (most of which belong to the luminal
intrinsic subtypes), however, are relatively resistant to both endocrine interventions and HER2-targeted therapies, thus requiring a
combination therapy aimed at blocking both signalling pathways.
Addition of CDK4/6 inhibitors to endocrine and HER2-targeted
treatments has recently shown promising results in the neo-adjuvant
setting, and it is currently being tested in a number of ongoing clinical
trials. Finally, there is initial evidence in the advanced setting that
HER2-positive breast cancer may benefit from the combination of
HER2-targeted agents and immunotherapy with anti-PD-1 or PD-L1
agents, and this therapeutic strategy is also being investigated in the
neo-adjuvant setting.
Conflict of interest statement

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

The authors declare no conflict of interest.

lu

[24]

03-04 MINDACT trial breast cancer intratumoral heterogeneity and DCIS or normal
tissue components are unlikely to be the cause of discordance. Breast Cancer Res Treat
2016;155:463–9.
Gianni L, Pienkowski T, Im YH, et al. Efficacy and safety of neoadjuvant pertuzumab and
trastuzumab in women with locally advanced, inflammatory, or early HER2-positive
breast cancer (NeoSphere): A randomised multicentre, open-label, phase 2 trial. Lancet
Oncol 2012;13:25–32.
Baselga J, Bradbury I, Eidtmann H, et al. Lapatinib with trastuzumab for HER2-positive
early breast cancer (NeoALTTO): A randomised, open-label, multicentre, phase 3 trial.
Lancet 2012;379:633–40.
von Minckwitz G, Untch M, Blohmer JU, et al. Definition and impact of pathologic
complete response on prognosis after neoadjuvant chemotherapy in various intrinsic
breast cancer subtypes. J Clin Oncol 2012;30:1796–804.
Loi S, Dafni U, Karlis D, et al. Effects of estrogen receptor and human epidermal growth
factor receptor-2 levels on the efficacy of trastuzumab: A secondary analysis of the
HERA trial. JAMA Oncol 2016;2:1040–7.
von Minckwitz G, Huang CS, Mano MS, et al. Trastuzumab emtansine for residual
invasive HER2-positive breast cancer. N Engl J Med 2019;380:617–28.
Martin M, Holmes FA, Ejlertsen B, et al. Neratinib after trastuzumab-based
adjuvant therapy in HER2-positive breast cancer (ExteNET): 5-year analysis of a
randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol 2017;18:
1688–700.
Schwarz LJ, Croessmann SE, Avogadri-Connors F, et al. Neratinib + fulvestrant enhances
antitumor activity in a HER2+/estrogen receptor (ER)+ breast cancer xenograft model
after trastuzumab-based therapy. Cancer Res 2017;77:4818(abstr).
Prat A, Baselga J. Dual human epidermal growth factor receptor 2 (HER2) blockade
and hormonal therapy for the treatment of primary HER2-positive breast cancer:
One more step toward chemotherapy-free therapy. J Clin Oncol 2013;31:1703–6.
Rimawi MF, Mayer IA, Forero A, et al. Multicenter phase II study of neoadjuvant
lapatinib and trastuzumab with hormonal therapy and without chemotherapy in
patients with human epidermal growth factor receptor 2- overexpressing breast
cancer: TBCRC 006. J Clin Oncol 2013;31:1726–31.
Guarneri V, Dieci MV, Bisagni G, et al. De-escalated therapy for HR+/HER2+ breast
cancer patients with Ki67 response after 2 weeks letrozole: Results of the PerELISA
neoadjuvant study. Ann Oncol 2019. doi: 10.1093/annonc/mdz055. [Epub ahead of
print].
Veeraraghavan J, De Angelis C, Reis-Filho JS, et al. De-escalation of treatment in HER2positive breast cancer: Determinants of response and mechanisms of resistance. Breast
2017;34:S19–26.
Harbeck N, Gluz O, Christgen M, et al. De-Escalation Strategies in Human Epidermal
Growth Factor Receptor 2 (HER2)–positive early breast cancer (BC): Final analysis of
the West German Study Group Adjuvant Dynamic Marker-Adjusted Personalized
Therapy Trial optimizing risk assessment and therapy response prediction in early BC
HER2- and hormone receptor–positive phase II randomized trial-Efficacy, safety,
and predictive markers for 12 weeks of neoadjuvant Trastuzumab Emtansine with
or without endocrine therapy (ET) versus Trastuzumab plus ET. J Clin Oncol
2017;35:3046–54.
Rimawi M, Ferrero J-M, de la Haba-Rodriguez J, et al. First-Line trastuzumab plus an
aromatase inhibitor, with or without pertuzumab, in human Epidermal Growth Factor
Receptor 2–positive and hormone receptor–positive metastatic or locally advanced
breast cancer (PERTAIN): A randomized, open-label phase II trial. J Clin Oncol
2018;36:2826–35.
Gianni L, Bisagni G, Colleoni M, et al. Neoadjuvant treatment with trastuzumab
and pertuzumab plus palbociclib and fulvestrant in HER2-positive, ER-positive breast
cancer (NA-PHER2): An exploratory, open-label, phase 2 study. Lancet Oncol
2018;19:249–56.
Villagrasa Gonzalez P, Prat A, Oliveira M, et al. 321TiPSOLTI-1303 PATRICIA: A phase II
study of palbociclib and trastuzumab (with or without letrozole in ER+) in previously
trastuzumab-pretreated, postmenopausal patients with HER2-positive metastatic
breast cancer. Ann Oncol 2017;28. Doi: 10.1093/annonc/mdx365.084.
Akli S, Bui T, Wingate H, et al. Low-molecular-weight cyclin E can bypass letrozoleinduced G1 arrest in human breast cancer cells and tumors. Clinical Cancer Res
2010;16:1179–90.
Scaltriti M, Eichhorn PJ, Cortes J, et al. Cyclin E amplification/ overexpression is a
mechanism of trastuzumab resistance in HER2+ breast cancer patients. Proc Natl Acad
Sci USA 2011;108:3761–6.
Savas P, Salgado R, Denkert C, et al. Clinical relevance of host immunity in breast cancer:
From TILs to the clinic. Nat Rev Clin Oncol 2016;13:228–41.
Stagg J, Loi S, Divisekera U, et al. Anti-ErbB-2 mAb therapy requires type I and II
interferons and synergizes with anti-PD-1 or anti-CD137 mAb therapy. Proc Natl Acad
Sci USA 2011;108:7142–7.
Denkert C, von Minckwitz G, Brase JC, et al. Tumor-infiltrating lymphocytes and
response to neoadjuvant chemotherapy with or without carboplatin in human
epidermal growth factor receptor 2-positive and triple-negative primary breast
cancers. J Clin Oncol 2015;33:983–91.
Loi S, Giobbie-Hurder A, Gombos A, et al. Pembrolizumab plus trastuzumab in
trastuzumab-resistant, advanced, HER2-positive breast cancer (PANACEA): A singlearm, multi-centre, phase 1b-2 trial. Lancet Oncol 2019. doi: 10.1016/S1470-2045(18)
30812-X. [Epub ahead of print].

on
ly

Epilogue

se

S52

Funding source
None.

[25]

na

References

[26]

Fo

rp

er
so

[1] Wolff AC, Hammond MEH, Allison KH, et al. Human epidermal growth factor receptor
2 testing in breast cancer: American Society of Clinical Oncology/College of American
Pathologists clinical practice guideline focused update. J Clin Oncol 2018;36:2105–22.
[2] Wolff AC, Hammond ME, Schwartz JN, et al. American Society of Clinical Oncology/
College of American Pathologists guideline recommendations for human epidermal
growth factor receptor 2 testing in breast cancer. J Clin Oncol 2007;25: 118–45.
[3] Wolff AC, Hammond ME, Hicks DG, et al. Recommendations for human epidermal
growth factor receptor 2 testing in breast cancer: American Society of Clinical
Oncology/College of American Pathologists clinical practice guideline update. J Clin
Oncol 2013;31:3997–4013.
[4] Slamon DJ, Clark GM, Wong SG, et al. Human breast cancer: Correlation of relapse and
survival with amplification of the HER-2/neu oncogene. Science 1987;235:177–82.
[5] Slamon DJ, Godolphin W, Jones LA, et al. Studies of the HER-2/neu proto-oncogene in
human breast and ovarian cancer. Science 1989;244:707–12.
[6] Lal P, Tan LK, Chen B. Correlation of HER-2 status with estrogen and progesterone
receptors and histologic features in 3655 invasive breast carcinomas. Am J Clin Pathol
2005;123:541–6.
[7] Vici P, Pizzuti L, Natoli C, et al. Triple positive breast cancer: A distinct subtype? Cancer
Treat Rev 2015;41:69–76.
[8] Perou CM, Sorlie T, Eisen MB, et al. Molecular portraits of human breast tumours. Nature.
2000;406:747–52.
[9] Prat A, Parker JS, Fan C, Perou CM. PAM50 assay and the three-gene model for
identifying the major and clinically relevant molecular subtypes of breast cancer. Breast
Cancer Res Treat 2012;135:301–6.
[10] Bastien RRL, Rodríguez-Lescure A, Ebbert MTW, et al. PAM50 breast cancer subtyping by
RT-qPCR and concordance with standard clinical molecular markers. BMC Medical
Genomics 2012;5:44.
[11] Cheang MCU, Martin M, Nielsen TO, et al. Defining breast cancer intrinsic subtypes by
quantitative receptor expression. Oncologist 2015;20:474–82.
[12] Llombart-Cussac A, Cortés J, Paré L, et al. HER2-enriched subtype as a predictor of
pathological complete response following trastuzumab and lapatinib without
chemotherapy in early-stage HER2-positive breast cancer (PAMELA): An open-label,
single-group, multicentre, phase 2 trial. Lancet Oncol 2017;18:545–54.
[13] Kyung Kim HK, Hee Park KH, Kim Y, et al. Discordance of the PAM50 intrinsic subtypes
compared with IHC-based surrogate in breast cancer patients: Potential implication of
genomic alterations of discordance. Cancer Res Treat 2019. doi: 10.4143/crt.2018.342.
[Epub ahead of print].
[14] Viale G, Slaets L, de Snoo FA, et al. Discordant assessment of tumor biomarkers by
histopathological and molecular assays in the EORTC randomized controlled10041/BIG

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

The Breast 48S1 (2019) S53–S56

Contents lists available at ScienceDirect

The Breast

on
ly

j o u r n a l h o m e p a g e : w w w. j o u r n a l s . e l s e v i e r . c o m / t h e - b re a s t

Standard and controversies in sentinel node in breast cancer patients
P. Veronesi1,2, * and G. Corso1,2
1
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A B S T R A C T

Breast cancer

Axillary management in breast cancer is still controversial. Recent clinical trials have clearly demonstrated that
in breast-conserving surgery, axillary dissection could be an overtreatment when metastases are present in only
1–2 sentinel lymph nodes. Nonetheless, axillary dissection remains the principal treatment in patients
undergoing mastectomy with at least one metastatic sentinel lymph node and in patients eligible for breast
conserving surgery with three or more positive sentinel lymph nodes.
In this analytical review, we discuss the clinical evidence, taking into account recent guidelines, for axillary
management.
© 2019 Elsevier Ltd. All rights reserved.

Sentinel lymph node biopsy
Axillary dissection
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For more than one hundred years, axillary lymph node dissection
(ALND) has been the gold standard treatment for breast cancer (BC)
care and management. Firstly, breast tumor was considered as a
loco-regional disease, which spread through lymphatic system,
and ALND was the unique life-saving option in BC patients. In 1977,
the NSABP B04 randomized trial demonstrated that BC survival
was independently associated with loco-regional treatments (with or
without ALND) in cN0 patients [1]. ALND was, and still is, a clinical
burden due to the frequent high morbidity such as lymphedema,
pain, nerve damage, etc. In 1990, the introduction into clinical
practice of sentinel lymph node biopsy (SNB) [2] significantly
reduced these problematic scenarios without impact on long-term
survival [3]. In particular ALND can be avoided in cases of
histologically negative SNB. Currently, SNB is considered the standard
treatment for BC cancer care in patients with clinically negative axilla,
as well as in breast conserving surgery and in mastectomy.
Inflammatory BC remains a contraindication for SNB.
However, the results from several recent clinical trials have raised
the questions: Could ALND be avoided in certain cases of metastatic
SNB? Could SNB be avoided when the axillary examination is
clinically negative?
In this brief review, we set out, on the basis of current scientific
evidence and our own experience, to answer these questions and
provide recommendations for or against ALND.

*Corresponding author at: Division of Breast Surgery, European Institute of Oncology, via
G. Ripamonti 435, 20141 Milano, Italy. phone: +39 0294375161.
Email address: paolo.veronesi@ieo.it (P. Veronesi).
This article was published as part of a supplement sponsored by St. Gallen Oncology
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The American College of Surgeons Oncology Group randomized
clinical trial Z0011 (ACOSOG Z0011) was designed to evaluate
whether SNB alone impacts on survival outcomes compared to
ALND in breast-conserving surgery (BCS) [4]. This initial trial enrolled
women with clinical T1–T2 invasive BC, non-palpable adenopathy,
and 1–2 SNs containing metastases. Patients were randomized to
ALND (445) or SNB alone (446), following whole-breast irradiation
and adjuvant treatments.
The early results demonstrated no difference in locoregional
recurrence for patients with positive SNs randomized to either
ALND or SNB alone.
Further, long-term locoregional recurrence results demonstrated
that at a median follow-up of 9.25 years, there was no statistically
significant difference in local recurrence-free survival ( p = 0.13). The
cumulative incidence of nodal recurrences at 10 years was 0.5% in the
ALND arm and 1.5% in the SNB alone arm ( p = 0.28). Ten-year
cumulative locoregional recurrence was 6.2% with ALND and 5.3%
with SNB alone ( p = 0.36) [5].
In line with the ACOSOG Z0011 trial results, the current surgical
indication in BCS does not justify ALND in T1-T2 BC with only 1-2
positive SNs. Conversely, if ≥3 SNs exhibit metastases, or a
macroscopic LN is found intraoperatively, then ALND is still strongly
recommended.
Following on from the ACOSOG Z0011 trial results, the AMAROS
trial (After Mapping of the Axilla: Radiotherapy Or Surgery), a
randomised, multicentre, open-label, phase 3 non-inferiority trial,
demonstrated that in patients with T1-T2 primary BC, ALND and
axillary radiotherapy after a positive SN provide excellent and
comparable axillary control. Moreover, axillary radiotherapy
results in significantly less morbidity [6], with a lower risk of
lymphedema.
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Histopathological classification of SN defines three distinct subtypes:
1) macrometastases (>2 mm), 2) micrometastatic foci (≤2 mm), and
3) isolated tumor cells.
For patients undergoing mastectomy, ALND still represents the
standard treatment in cases of macrometastases to the SN. Currently
there is no evidence to suggest against this strategy. However there
are ongoing clinical trials on this topic.
Currently, in the case of SN with micrometastasis and/or isolated
tumor cells, ALND is not indicated and probably represents
overtreatment.
In the IBCSG 23-01 multicentre, randomised, non-inferiority,
phase 3 trial patients with a primary tumor of ≤5 cm and one or
more micrometastatic sentinel lymph node were randomly (in
patients eligible for mastectomy or BCS) assigned to ALND (465)
or no ALND (469). Median follow-up was 5 years; 5-year diseasefree survival was 87,8% (95% CI 84,4–91,2) in the group without
ALND and 84,4% (80,7–88,1) in the group with ALND ( p = 0,16) [8].
Similar results were reported in the clinical trial AATRM 048/13 [9].
The Authors concluded that for patients with limited sentinel-node
involvement, no axillary dissection is justified, provided that patients
receive both traditional whole breast radiation in BCS and systemic
adjuvant treatment.
These large trials clearly demonstrated that for patients with
micrometastatic sentinel-node involvement, axillary dissection is not
justified and this does not impact on survival, even in the absence of
radiotherapy.
Results from the IBCSG 23–01 trial regarding median follow-up of
10-years have recently been published. This study has confirmed that
no-ALND was not inferior to ALND with respect to disease-free
survival, without significant difference between the arms for diseasefree survival and overall survival, thus confirming that ALND is not
indicated in patients with micrometastatic SNs [10].
The SENOMAC trial is a new ongoing multicentric non-inferiority
study aimed at evaluating if “no axillary clearance in BC patients with
1-2 sentinel nodes with macrometastasis will not worsen breast
cancer-specific survival, both in conservative surgery and in
mastectomy.” The expected number of eligible patients is around
3,500 individuals. The estimated primary completion date will be
December 2022.

clinically involved axilla before NAC that become clinically negative
after treatment (cN1>cN0).
The main indication for axillary clearance after neoadjuvant
therapy is represented by cases with cN1/2 axillary staging (clinical
examination or PET or axillary ultrasound) unchanged by treatment.
In a study from the European Institute of Oncology in Milan
involving 396 patients who were cT1-4 cN0/1/2 with negative
axillary staging after neoadjuvant treatment and who underwent
SNB and axillary clearance only in cases of metastatic SN, only one
case of axillary relapse was reported after a 61-month medium
follow-up [11].
Moreover, pre-operative lymphoscintigraphy to identify SNs,
contrary to common opinion and to some older studies, is a safe
and feasible procedure after neo-adjuvant therapies, independently
of treatment types [12].
These preliminary results suggest that SNB is a safe procedure for
cT1-T2 patients with negative axillary staging after neoadjuvant
treatment, particularly in cases with complete pathological response
on the breast of the primary lesion, SN status is significant for
prognosis and axillary clearance does not influence long-term
survival.
In addition, the 2017 St. Gallen consensus conference confirmed
SNB as the gold standard procedure for patients with negative
axillary staging (cN1/2>cN0) after neoadjuvant treatment, while
axillary clearance is still recommended if there is at least one
metatastatic node after NAC [13].
To date, there are some studies that confirm the feasibility of SN
biopsy alone after NAC treatment.
A recent meta-analysis, analysing a total of 13 studies, with a total
of 1921 patients with initial biopsy-proven node-positive BC,
demonstrated that SN biopsy after NAC is accurate and reliable with
careful patient selection and optimal surgical techniques [14].
A recent study by Classe and Colleagues (GANEA2) [15], enrolled
957 BC patients over 4 years (2010–2014), post NAC. There were two
groups: cN0 vs. pN1.
Among the 419 patients from the cN0 group treated with SN alone,
one axillary relapse occurred during the follow-up. Among pN1
group patients, 103 had a negative SN. The FNR was 11.9% (95% CI 7.3–
17.9%). For patients with initially involved node, and negative SN after
NAC, the risk of a positive ALND is 3.7% regardless the number of SN
removed.
A recent prospective trial to assess the feasibility and efficacy of
placing clips into “most suspicious” biopsy-proven node followed 98
patients with axilla-positive locally advanced breast cancer (T1-4,
N1-3) [16]. The SN identification rate was 87.8%. For the patients with
cN1 before NAC, the FNR was found to be 4.2% when the clipped node
was identified as SN. However, the FNR was estimated to be as high as
16.7% for the patients with cN1 before NAC when the clipped node
was found to be a non-SN. The study results suggest that axillary
dissection could be omitted for patients presenting initially with cN1
disease and with a negative clipped node as the SN after NAC due to
the low FNR.
In a retrospective study, Martelli and Colleagues [17] reported
overall survival, disease-free survival, and axillary failure in 317
consecutive cT2 cN0/1 patients given primary chemotherapy followed by quadrantectomy or mastectomy. Axillary management was
classified into three groups: 101 (31.9%) given upfront axillary
dissection; 139 (43.8%) given SN biopsy plus axillary dissection;
and 77 (24.3%) given SN biopsy only because the SNs were negative.
Overall and disease free survival did not differ between these 3
groups, or between SN biopsy-only and the ypN1 and ypN0
subgroups of SN biopsy plus axillary dissection, or between the cN0
and cN1 subgroups (before chemotherapy) of the SN biopsy-only
group. No SN biopsy-only patient presented axillary failure.
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Of course, these results don’t mean that all patients with positive
sentinel node need axillary radiotherapy, since similar excellent
outcomes were described in ACOSOG Z0011 in the absence of
axillary treatment [4]. In particular, selective node radiotherapy is
indicated in a sub-group of high-risk patients with only 1-2 SNs with
metastases: 1) large tumor (≥3 cm); 2) lymphovascular tumor
invasion; 3) microscopic extracapsular extension of metastases in
SNs [7].
We have observed at the European Institute of Oncology 1.386
consecutive cT1-2N0 BC patients (2016–2018), eligible for BCS. SN
biopsy resulted respectively negative in 1.156 (83,4%) and positive in
230 (16,6%) patients. Seven out of these 230 patients (3.0%) were
admitted at complete ALND, and 233 (97.0%) were observed. In the
ALND group a total of 155 lymphnodes were removed and 17 resulted
metastatic at histopathologic examination. Results about overall
survival, disease free survival and breast specific survival are under
consideration.
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Neo-adjuvant treatments
The correct indication for SNB after neoadjuvant chemotherapy
(NAC) for BC is still controversial, particularly in patients with
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Fig. 1. The flow-chart is proposed for a practice management of axillary in breast cancer, in accord with primary surgical indication. (*Results about the trial SOUND are under
analysis, this option should be considered with caution).
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The ongoing SOUND (Sentinel node vs. Observation after axillary
Ultra-souND) trial is a prospective and randomized multicentric trial
[18–20] comparing SNB vs. no axillary surgical staging in patients
with small BC (tumor volume less than 2 cm of diameter) and
negative preoperative ultrasound of the axilla. In the case of single
doubtful lymph node on clinical and/or ultrasound examination and
negative, needle biopsy results the patient is still eligible. The primary
endpoint is distant disease-free survival, and the secondary endpoint
axillary disease-free survival, and quality of life.
A total of 1463 women were included and 1,416 were analyzed, 708
in each arm. Mean age was 60 years and mean tumor size was 1.2 cm.
In the SLNB arm, micrometastases were detected in 36 (5.1%) and
macrometastases in 61 (8.6%) patients. To date the trial is closed, early
disease-free survival is under evaluation.
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The initial SNB policy was no further axillary treatment if SNs were
negative. To date the new policy is changing to no additional axillary
surgery if SNs are positive. Axillary surgery, especially in the SNB
form, is still considered because the SNB status provides information
about the prognosis and does not influence the adjuvant treatments.
Histopathology of the primary tumor provides sufficient data for
defining adjuvant therapies. Thus, the SOUND trial was based initially
on this concept: avoid SNB while maintaining primary breast surgery
[19–20].
In general, all results suggest that there are safe options
(observation, radiation therapy, systemic treatment) to avoid ALND
in selected subgroups of patients with SLN involvement.

na

These abovementioned studies demonstrated that SN biopsy is
adequate in patients who are cN0 after primary chemotherapy,
irrespective of axillary status before.
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Evidently, there is a trend towards reducing surgical treatment of the
axilla in BC patients. The recent results, after 10 years of follow-up, of
the ACOSOG Z0011 trial, confirmed that ALND is not indicated in
positive SNBs (1-2 with metastases) [5], in patients eligible for BCS.
Similarly, in the case of mastectomy, the trial IBCSG 23-01 indicated
that ALND is an overtreatment in micrometastatic SNs [10].
SNB is also recommended in patients after neoadjuvant therapies,
in cases of initial cN0 and in cases of downgrading (cN1>N0). In node
positive (cN1) and palpable lymphnodes ALND remains the treatment of choice (Figure 1) [13].
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Impact of older age on local treatment decisions
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A B S T R A C T

Breast cancer

Managing elderly breast cancer patients brings challenges both to physicians and patients themselves.
There are certain controversial issues regarding local treatment of early breast cancer in this population. Since
elderly patients are more likely to have comorbidities and functional limitations, they are more prone to
undertreatment.
Although surgical treatment in elderly patients were reported to be safe, severity and number of comorbidities
are shown to be related with increased complications, hence may lead to higher mortality and lower life quality.
Therefore, frailty is one of the concerns which prevents elderly patients to receive standard-of-care local
treatment. Nevertheless, breast cancers developing in elderly are more likely to be low grade and luminal type.
Until now, primary endocrine treatment without surgical resection, omitting whole breast irradiation after
partial mastectomy and avoiding sentinel lymph node biopsy, which are otherwise accepted as standard-of-care,
were questionned in healthy, low-risk, elderly fit patients. Two main issues were suggested to be considered
when assessing the impact of local treatment options in this patient group; the clinical significance of
treatments’ effects, and the patients’ expectations. Due to their vulnerability, baseline geriatric assessment
should be the initial step for management in elderly breast cancer patients. Even in those who are healthy and fit
with long life-expectancy, de-escalation in management might be an option in low-risk patients after
considering patients’ individual expectations and limited clinical benefits of standard local treatment options.
© 2019 Elsevier Ltd. All rights reserved.
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The patients’ age is considered to be one of the significant
factors during decision-making for breast cancer (BC) management
[1]. Rate of undertreatment was found to be high in elderly
patients with early BC [2,3]. Conclusions extrapolated from findings
of those studies reporting the outcome of BC in advanced age
group are controversial [4,5]. Most registry studies showed that BC
patients who are undertreated loco-regionally have decreased
overall survival and increased mortality [2,6,7]. However, opposing
arguments emphasize that increased non-BC mortality was
significant in this vulnerable age group, therefore confounding
factors should be taken under consideration when reaching a
conclusion [5,8,9].
Significance of older age in breast cancer
There are certain factors which convince the physicians to divert from
standard-of-care management to undertreatment in elderly BC
patients.
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Life-expectancy
Although, improvements in BC management provided patients a
substantial survival gain, elderly patients were less likely to
experience this. Aging diminishes the potential benefit of standard
local treatments, particularly for those which require longer time to
reveal their absolute impact on survival. Nevertheless, life-expectancy decreases even more as age advances [10].

Frailty
Risk of dying from other causes before developing a cancer-related
event is significantly high in elderly BC patients. These so-called
competing risks are the reduced vital organ/system reserves and
functional limitations due to senescence [11]. There are certain
physiological changes as effects of ageing such as reserve reductions
in cardiac, respiratory, renal and sensory-motor/central nerve
systems. These were found to make patients more susceptible to
cancer treatment-related complications [12]. Furthermore, functional
limitations such as inability to perform everyday activities are
increased with age in BC patients [13,14]. It was reported that
nearly 40% of elderly patients had minimum one type of limitation
following treatment. Most importantly, functional limitations were
found to be associated with significantly increased risk of death from
non-BC causes [13,15].

M. Umit Ugurlu and B. M. Gulluoglu / The Breast 48S1 (2019) S57–S61

Co-morbidity
Prevalence of having comorbidity are increased with age [16,17].
Although it varies with threshold of elderliness, 40–75% of elderly BC
patients were found to have minimum one comorbid condition
[16,18]. In fact, comorbidity may affect patients’ outcome in various
mechanisms. In those patients with system insufficiency, treatments
could be withhold and this may result with BC-specific death due to
undertreatment. Also, the risk of death from a competing event might
be very high, even after having standard-of-care treatment, the
patient may not live long enough to develop a BC-related event [19].
Furthermore, the increasing number of concomitant diseases
increases the risk of postoperative complications. Nearly 20% of
those patients was reported to develop at least one postoperative
complication [18].

Therefore, in fragile BC patients with shorter life expectancy, PET
would be a valid alternative as local treatment. Risk of dying from BC
would have less relative impact on overall survival in these patients.
In those patients, the benefit from surgery may be so small that PET
would be the preferred treatment option in order to avoid any
potential morbidity associated with surgery. Nevertheless, surgical
removal of cancer still remains to be the standard-of-care in
physilogically fit elderly BC patients even with HR-positive low-risk
cancers. There is satisfactory evidence to suggest women in the 70–
75 year age range or even older to undergo surgery to get benefit [25].
On the other hand, a collective analysis showed that aromatase
inhibitors (AI) provide better local control than tamoxifen in elderly
BC patients [30]. However, the side effects of AI would jeopardize the
expected efficacy by lowering the compliance of its use [31].
Therefore, careful consideration is required when deciding the type
of endocrine treatment in these patients.
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Potential de-escalation issues in the elderly
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Primary endocrine treatment only (No surgery)

There is also a controversy regarding the administration of whole
breast irradiation (WBI) after partial mastectomy (PM) in low-risk
elderly BC patients. Until now, only 2 randomized studies included
patients who are aged 65 years and older with longer than 10-year
follow-up. All patients received adjuvant endocrine treatment
regardless of their study group. Both studies showed that patients
with HR-positive node-negative cancer had similar overall survival
whether they received adjuvant WBI or not after PM. However, in
both studies, it was shown that WBI with adjuvant endocrine
treatment after PM significantly reduced in-breast recurrence events
compared to adjuvant endocrine treatment alone in elderly women
with early-stage BC. But the absolute in-breast recurrence risk
reduction was small between groups, 5% at 10 years in one study and
2.8% at 5 years in the other [32,33]. Further finding was that the
number of in-breast recurrence events in both groups remained low
in time [32]. Additionally, a prospective cohort study including
patients who are 65 years and older with HR-positive, small (less than
2 cm), node-negative, low-grade BC also validated these findings. In
this study in which patients received adjuvant tamoxifen, omitting
WBI after PM resulted with very low in-breast recurrence rate (1.2% in
5 years) along with high overall survival (93% in 5 years) [34].
Also, a subgroup analysis in PRIME II study revealed that patients
who have ER-rich cancers had even lesser absolute risk reduction
when they did not receive WBI after PM. In this subgroup, 5-year inbreast recurrence rate was found to be 3.3% in patients who did not
receive WBI versus 1.2% in those who did [33]. Furthermore, similar to
this finding, in a subgroup analysis of Toronto-British Columbia trial,
those patients with HR-positive (Luminal A), T1–2, N0 BC who did not
receive WBI after PM had 3.3% recurrence rate at 10 years [35]. It
seems that absolute benefit from receiving WBI is diminishing when
BC has favorable biology.
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Data provided that elderly BC patients are more likely to have low
grade and luminal cancers, therefore more hormone receptor (HR)positive disease. HER2-negative and triple negative cancers were
found to be rare in this age group [20–23]. Also, with genomic
profiling, elderly BC patients who have immunohistochemically
determined triple breast cancer were found to have less basal-like
cancer when compared to their younger counterparts. Also, older
patients with HR-positive/HER2-positive cancer were found more
likely to have luminal B subtype by gene assays [24].
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Primary endocrine treatment (PET) was introduced as an alternative
to surgical resection of the cancer in elderly BC patients. In today’s
concept, bringing PET as an alternative to surgical removal of tumor
can be valid only in those patients who are HR-positive in order to get
a benefit from it. Until now there are only 3 reported randomized
studies comparing the outcome of patients over 70 years of age who
only received PET without tumor resection with those who had
resection followed by adjuvant endocrine treatment [25–27]. In two
studies, patients had HR-positive cancer [25,26], whereas in the
other, HR status was unknown [27]. In two studies in which only HRpositive patients were included, overall survival of patients in both
arms were found to be similar. In one study which is the one
including patients with unknown HR status found that surgery
provided a better overall survival compared to PET but this benefit did
not become clinically relevant until 3 years [27]. Nevertheless, in all
studies, local control was found to be better in patients who
underwent surgical resection. Therefore, although surgical resection
provided better local disease control, this was not translated to a
longer overall survival in HR-positive elderly early BC patients [25,26].
On the other hand, a large retrospective study from UK Cancer
Registry reported that the risk of death due to BC is increased in
patients treated with PET when compared to those who had surgical
resection even in HR-positive elderly patients. The benefit from
surgery was found to be greater in those with longer life expectancy
[6]. Another UK registry study which analyzed the outcomes of
elderly patients who are 70 years age and older found a better BCspecific survival in patients treated with surgery in general. However,
in a subgroup analysis, when only patients with cancers of high HR
expression were compared, outcome was similar in two treatment
arms [28]. Also as an indirect evidence, another registry study from
Netherlands found that, although in years less elderly patients
underwent surgical resection and only received PET, overall survival
of these patients did not go worse [29].

Omitting sentinel lymph node biopsy
Although sentinel lymph node biopsy (SLNB) in node-negative BC
patients is currently the standard-of-care, its role in low-risk elderly
patients is being questioned [36]. Giving the fact that axillary node
positivity rate is around 15% in elderly patients with low-risk
clinically node-negative BC, there is no available data from any
randomized study yet providing evidence that SLNB may be omitted
in this cohort. Furthermore, in those patients regarded as low risk
with grade 1 tumor revealed that node involvement decreases even
down to 8% when the tumor size is less than 2 cm in the elderly [37].
Previously two randomized trials studied the impact of avoiding
axillary dissection (AD) in clinically node-negative elderly BC
patients. In one trial, avoiding axillary staging by AD did not
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recommended local treatment such as complete surgical removal of
cancer and/or WBI after PM. Cardiac diease, dementia and cerebrovascular diseases were the most common non-breast cancer causes
for death in these patients. This is more pronounced as age advances
more [9,17]. A systematic review earlier demonstrated that the
presence and number of comorbidity at diagnosis is a significant poor
prognostic factor in patients with early BC, irrespective of patients’
age and disease stage [19].
Also, functional limitations have poor prognostic impact on
outcomes of BC patients, independent from established factors
including patients’ age and presence of comorbidity. Mortality after
BC surgery was found to be associated with poor physical function
[13–16,19]. Functional limitations affect elderly BC patients mostly
with early disease [15].
There are also studies provided evidence that chronological age
would not be among independent prognostic factors for in-breast
recurrence and survival rates. A subgroup analysis of Toronto-British
Columbia trial in which nearly 65% of all original cohort were
reviewed after their tumors’ intristic subtypes were identified. Its
multivariate analysis showed that tumor grade and intrinsic subtyping were found to be the independent factors for in-breast recurrence
rates but not the age. Absolute risk reduction by giving WBI after PM
was found to be 4%, 5.5% and 31.9% in Luminal A, B and non-luminal
cancers, respectively. Only the latter difference was found significant
[35]. Also, in a systematic review which included 7 trials for analysis
showed that hormone expression level, 21-gene recurrence score and
age were found to be significant factors for recurrence-free interval.
However, the study did not include multivariate analysis of variables,
therefore it did not provide a result regarding which factors are
independently affecting the outcome [45].
Available evidence also suggests that systemic treatment is the
main determinant of outcome. Contemporary adjuvant systemic
treatment reduced the distant recurrence rate and also contributed to
satisfactory local disease control. In the setting of effective systemic
management, tumor biology determined by molecular subtype, not
the age, appears to be the main driver of outcome [46–48]. However,
elderly BC patients were found to have even less loco-regional
recurrence when compared to the young after receiving standard
local treatments. Increased age at diagnosis was independently
associated with decreased risk of local recurrence [49]. This finding
might be related with the fact that elderly patients overall are more
likely to have luminal type low-grade BC [22]. Although it was found
that luminal subtypes had better outcomes than basal-like and HER2enriched subtypes in elderly BC patients, after controlling for
subtype, treatment, tumor size, nodal status, and grade, advanced
age had no impact on relapse-free survival and disease-specific
survival. Triple negative cancers subtyped by Prediction Analysis of
Microarray (PAM50) had significantly worse relapse-free, overall and
disease-specific survival when compared to luminal A cancers as it
was in all age groups [22,24,49]. Also in another study, distant
disease-free survival (DDFS) was found to be significantly different
between BC subtypes, but not between age groups. Their data showed
that molecular subtypes but not the age categorization ruled the
prognostication of even those patients who are 70 years and older.
Independent from the chronological age, HER2-positivity and triple
negativity determined poor DDFS in these patients [50].

Impact of age

Baseline geriatric assessment

Age as a prognostic factor?

Comprehensive geriatric assessment is beneficial to identify the older
population “fit enough” to tolerate optimal treatment. It is also useful
to detect those “frail” patients with physical limitations and
comorbidities [51]. It is essential to select those risky patients who
might not get the expected benefit from standard treatments
independent from tumor subtype they have. Understanding the
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provide inferior results when compared to those who had AD. Similar
rates of regional recurrence were found in both groups (1% with AD
versus 3% with no AD). Of note, in this trial, only 33% of the total
cohort received PM with WBI, therefore favorable impact of
irradiation on local recurrence can be excluded in the majority [38].
In the other trial, although AD was found to reduce the risk of axillary
events compared to no AD, 15-year crude cumulative in-breast tumor,
distant recurrence, BC-specific mortality and overall survival rates
were similar in both groups of elderly patients with clinically nodenegative cancer. In this trial, all patients had PM and received
adjuvant WBI. The absolute difference in axillary events between
allocated groups was 6% (0% in AD group versus 6% in no AD group)
[39]. In both trials, the majority of patients had HR-positive disease
and almost all HR-positive patients received adjuvant endocrine
treatment.
Nevertheless, these studies are not reflecting contemporary
practice. Therefore for applicability, SLNB versus no SLNB-designed
trials are needed to draw a conclusion in this area. Until now, only one
retrospective study elaborated the safety of omitting SLNB for
patients aged 70 years and older with clinically node-negative T1–2
BC. 5-year BC-specific survival was 96% with less than axillary
recurrence of 1% [40]. Also, in CALGB 9343 study, a subgroup of 392
patients (62% of total sample size) who did not undergo any axillary
sampling or dissection but received adjuvant endocrine treatment
were analyzed post-hoc. After 13 years of follow-up, axillary
recurrence was found to be very low (0% in patients received WBI
and 3% in those who did not) in these patients who are aged 70 years
and older with small (≤2 cm), clinically node negative, HR-positive
low-risk BC. Axillary recurrence rate was nil in patients who did not
have AD but received WBI after PM. Even those who did not receive
WBI, the axillary event rate can be regarded low with an absolute
difference of 3% relative to the rate in those receiving WBI [32].
On the other hand, biological tumor features such as molecular
subtyping and genomic assays are being frequently used for adjuvant
treatment decisions, therefore the impact of axillary staging is
diminishing [41]. There is emerging evidence showing that lymph
node status is loosing its significance in predicting regional relapse as
it has been for systemic treatment for distant events. A recent
subgroup analysis of NSABP-B38 study in HR-positive, node-positive
BC patients provided that 21-gene recurrence score is more predictive
for regional recurrence events than the degree of axillary node
positivity [42]. Previously, two randomized trials demonstrated a
significant advantage of regional nodal irradiation (RNI) for nodepositive patients. However, in both studies, elderly patients were not
sampled adequately to reach a conclusion for this population [43,44].
Moreover, in MA20 study, there was no significant difference in locoregional events in HR-positive patients [43]. Therefore, the benefit
that node-positive HR-positive elderly BC patients might get from
RNI seems even very small if not none. Therefore, given the fact that
few clinically node negative elderly BC patients actually have axillary
metastases, selection of patients for RNI would be done more
accurately by gene assays without need for axillary staging in low-risk
HR-positive BC patients. If SLN finding would not change the choice of
regional and systemic treatment, the absolute risk of having 3%
axillary recurrence would be found reasonable and justify omission of
SLNB in this low-risk elderly BC patients.

Concurrent diseases have a greater impact on the overall survival of
elderly BC patients than the cancer itself [11,16]. Deaths were more
likely attributable to causes other than BC [13]. Only around 1/3 of
patients die due to BC when they do not receive guideline-
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Table 1
Factors affecting decisions for de-escalation in loco-regional treatment of breast cancer in elderly.
Omitting breast surgery (PET* only):
Short life expectancy
Physical limitations/Frailty
Comorbidity
HR****-positivity
Overall survival non-inferiority

Omitting irradiation after BCS** (BCS only):
Short life expectancy
Physical limitations/Frailty
Comorbidity
Low risk biology (HR positivity, HER2 negativity, low grade)
Early cancer stage (Small tumor, node negativity)
R0***** resection
Overall survival non-inferiority

se

Meeting patient expectations (Relevant outcomes)

reasonable if BC has favorable features also in a healthy elderly
patients with longer life-expentancy since absolute benefit obtained
from WBI or axillary staging in low-risk group was found to be very
small. This is potentially due to the favorable impact of endocrine
treatment on local disease control by decreasing the impact of
ablative treatments such as surgery and irradiation. Therefore, elderly
patients were found to get less or no benefit from standard practices
such as WBI after PM or SLNB in selected patients. In general, physical
status, presence of comorbidities, patient expectations and availability of contemporary targetted treatments should be considered when
deciding the local treatment in elderly BC patients.

lu

health status of an elderly BC patient is just as important as
understanding her/his tumor biology. Earlier studies found that
information obtained from the geriatric assessment might have led to
an intervention in 25–50% of patients if the treating physician was
aware of the findings at the time of treatment decision [51].
Furthermore, it was shown that geriatric assessment changed
treatment decisions in 5% to 50% of elderly cancer patients [52,53].
Therefore, incorporating geriatric baseline assessment in clinical
practice is of particular importance.
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*PET; Primary endocrine treatment.
**BCS; Breast conserving surgery.
***SLN; Sentinel lymph node.
****HR; Hormone receptor.
*****R0; Tumor-free margin after resection.

Omitting SLN*** biopsy (Breast surgery only):
Short life expectancy
Physical limitations/Frailty
Comorbidity
Low risk biology (i.e. HR positivity, low grade)
Early cancer stage (Small tumor, node negativity)
Situations in which node status would not affect
further treatment decisions
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In elderly cancer patients, it is also essential to assess treatment
efficacy on outcomes not with the same metrics as it is done in young.
International Society of Geriatric Oncology (SIOG) recommends to
measure patient-related end-points such as functional status,
cognitive function and QoL in elderly cancer patients [11]. These are
considered equally or even more relevant than other outcomes such
as survival and recurrence rates in order to balance benefits and risks
of treatment in elderly [54]. Preservation of functional capacity and
independence are important for older cancer patients. They are more
concerned about mental health, emotional well-being, general
health, and vitality [11,55]. As it was shown before, the absolute
benefit of standard local treatment is small in elderly, therefore
patients would be less willingly to trade absolute survival gain for
negative impact of treatment on QoL, functional independence and
cognitive functions [56]. In elderly BC patients, all local treatmentrelated decisions are recommended to be given relevantly after a
thorough discussion with the patient on all aspects of alternative
local treatment modalities including their absolute benefits and
harms, relative impact of other targetted treatments on disease
outcome, and patients’ expectations.
Conclusion

Fo

During decision-making for optimal local treatment in an elderly BC
patients, age itself is only important because they are more likely to
have comorbidities and physical limitations since their number and
severity determine the mortality risk. Therefore, adequate geriatric
assessment is essential in elderly patients before considering any
local treatment choices. BC treatment may need to be modified to suit
the patients’ expectations in this vulnerable age group. Convincingly,
recent evidence shows that local treatment can be modified
according to the biology of the cancer in elderly patients. However,
de-escalating local treatment should not be generalized to all elderly
population. Here, increasing evidence dictates that the disease
biology and biology-related factors, regardless of the age, are the
independent factors determining the outcome of patients beyond
local control (Table 1). De-escalation in local treatment seems
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Is prophylactic mastectomy justified in women without BRCA mutation?
Emiel J. T. Rutgers, MD, PhD, FRCS*,†
Department of Surgery, Netherlands Cancer Institute, Plesmanlaan 121, 1066CX Amsterdam, The Netherlands

A B S T R A C T

Breast cancer
Prophylactic mastectomy

In the past decades the demand for prophylactic mastectomies has increased substantially. For healthy non high
risk germ line mutation carriers there is no real objective justification for such a procedure, and screening
according established evidence based guidelines is strongly advised. More demand for contralateral prophylactic
mastectomy is coming from women diagnosed with breast cancer. First counseling and appropriate germ line
gene mutation testing has to be established. In absence of high risk mutations, breast conservation therapy for
the diagnosed breast cancer is as good as mastectomy, and the risk of a contralateral breast cancer is low (0.3–
0.6% per annum follow up). So bilateral mastectomy will not provide any survival benefit and is associated with
worsened body image and QoL, and more complications and re-operations as compared to breast conservation
followed by screening. The patient asking for a CPM deserves careful counseling and a shared decision process.
© 2019 Elsevier Ltd. All rights reserved.
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In the past 5–10 years a steep rise in the demand for and execution
of contralateral mastectomies has been observed. A number of
opportunities may have supported this rise: the increasing possibilities of good cosmetic results after complete nipple and skin sparing
mastectomies [1], and the so called “Angelina Jolie effect.”. In 2013
the actress Angelina Jolie disclosed in public that she has undergone a
bilateral risk reducing skin sparing mastectomy and immediate
reconstruction, due to the finding that she is a carrier of a germ line
mutation in the BRCA-1 gene. This public disclosure has led to a
greater demand of germ line mutation testing and risk reducing
mastectomies [2]. Last but not least greater anxiety for the sequelae of
breast cancer with the accompanying widespread belief that
complete removal of the breasts will prevent you from getting –
recurrent- breast cancer in the future.
The main aim for prophylactic ( preventive, risk reducing) complete
removal of breast tissue is to reduce the risk of untimely death from
disseminated breast cancer. Secondary aims are reducing anxiety for
the development of breast cancer, and to reduce the chance of
intensive treatments associated with breast cancer diagnosis to
improve outcomes once diagnosis of breast cancer is established.
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This paper discusses the possibility of prophylactic mastectomy in
women without a BRCA germ line mutation. This is certainly different
from the Angelina Jolie case, since she is carrier of the high risk BRCA
1 gene. For healthy women with a BRCA1 or 2 mutation a bilateral risk
reducing mastectomy is an accepted and reasonable option [3].
Who are we talking about?
Prophylactic mastectomy in non BRCA-1/2 carriers (non-carriers
include other rare high risk genes as TP-53, STK11, CD1, PTEN and
PALPB) [4] may regard two groups of women.
First, otherwise healthy women who perceives high risk for
developing breast cancer. And secondly, patients who are diagnosed
with breast cancer and consider contralateral prophylactic mastectomy (CPM). Actually, these women diagnosed with breast cancer
then ask for bilateral mastectomy, since breast conservation
treatment for the primary breast cancer and a CPM is illogical. In
this paper, when I use the acronym CPM, I refer to the patient with
breast cancer who wishes bilateral mastectomy.
The worried well
Usually the fear of developing breast cancer is coming from the family
history of breast cancer. In some women this worry could be initiated
by the notion that she has “dense breasts.” [5].
In general there is no indication for a bilateral SSM in healthy
women, and bilateral risk reducing mastectomies should be
discouraged. High levels of anxiety and worry should be addressed
in a different way, not by extensive surgery. More attention
should be addressed to young women (<40 yrs, arbitrarily) with an
extensive family history and a proven germ line mutation in the
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4.
5.

How frequent CPM is asked for?
What is her risk of a 2nd contralateral primary?
Is mastectomy for her primary breast cancer better then Breast
Conserving Therapy (BCT)?
Is there any survival benifit of a CPM?
What are the physical and psychological sequelae of a CPM?

Particularly in women with breast cancer and no germ line
mutation, a CPM will add no extra time to her life expectancy [11,21].
Ad 5. The psychological and physical consequences of a CPM are
diverse. To address the psychological consequences intuitively it
seems justified to go along with the –usually- strong desire to
perform the CPM (bilateral mastectomy). Nowadays, in the majority
of patients this procedure is executed with immediate breast
reconstructions. Patients demanding a CPM have a higher cancer
worry and higher anxiety level. It sounds right to lower these feelings
of fear. And indeed, in the long run if you ask the women if they are
satisfied with their decision to have a CPM, most of them are and
would recommend to others [16,22]. A CPM will have impact on body
image. Body image scores are worse among women who have had a
CPM compared to women who underwent BCS [23].
Some cautionary remarks however should be made. Parker et al.
[24] performed a prospective study to the quality of life (QoL)
outcomes in 288 women treated for primary breast cancer, of
whom 50 had a CPM. They observed that CPM- patients had higher
levels of anxiety and fear for cancer and poorer body image before the
surgery. CPM was associated with more body image distress
(P < 0.001) and poorer QOL (P = 0.02). QOL was similar between
CPM groups before surgery but declined 1 month after surgery and
remained lower than patients who did not have CPM after surgery
(Pinteraction = 0.05). They conclude:

na

1.
2.
3.

“While published observational studies demonstrated that Bilateral
RRM was effective in reducing both the incidence of, and death from,
breast cancer, more rigorous prospective studies are suggested. BRRM
should be considered only among those at high risk of disease, for
example, BRCA1/2 carriers. Contralateral RRM was shown to reduce
the incidence of contralateral breast cancer, but there is insufficient
evidence that CRRM improves survival, and studies that control
for multiple confounding variables are recommended. It is possible
that selection bias in terms of healthier, younger women being
recommended for or choosing CRRM produces better overall survival
numbers for CRRM. Given the number of women who may be overtreated with BRRM/CRRM, it is critical that women and clinicians
understand the true risk for each individual woman before
considering surgery.”
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First, if a woman is diagnosed with breast cancer, some form of
genetic counselling should be exerted. Women diagnosed with breast
cancer and having an increased chance for risk germ line mutations
should be identified and offered germ line mutation testing and
counselling accordingly [10].
A number of issues come to my mind when a women with breast
cancer (and again: no high risk germ line mutations) asks for a
bilateral mastectomy.
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Women diagnosed with breast cancer

BCT and a tumor positive SN, the axilla can effectively be treated with
a wait and see policy or axillary RT in combination with whole breast
irradiation. After mastectomy and a positive SN, less evidence is
available: either wait and see, RT to chest wall and axilla, or axillary
clearance by surgery [19].
Ad 4. Is there a survival benefit from a CPM? The best information
can be extracted from the Cochrane review by Carbine et al. [20]. They
analysed 61 observational studies, most with some methodological
limitations. There were no randomized trials available. Data on 15,077
women with a wide range of risk factors for breast cancer, who
underwent Risk Reducing Mastecomy (RRM) where analysed. The
authors conclusion is well balanced and is cited here:

se

CHEK211000delC gene. Intensified screening is generally advised [6].
In some cases preventive bilateral mastectomy is justifiable.
Extensive discussion on strategies and consequences of CHEK2
mutations is beyond the scope of this paper.
Screening is advised for healthy women not at genetic high risk
according to the many national evidence based guidelines [7]. For
women with dense breast results of randomised trials assessing the
role of CE-MRI compared to mammography are being done [8]. One
trial is recently published with the following conclusion: MRI
screening detected cancers at an earlier stage than mammography.
The lower number of late-stage cancers identified in incident
rounds might reduce the use of adjuvant chemotherapy and decrease
breast cancer-related mortality. However, the advantages of the MRI
screening approach might be at the cost of more false-positive results,
especially at high breast density [9].
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Ad 1. Some studies from the US mention 30–40% of women with
breast cancer consider CPM. Some 15–20% do have CPM and half of
them with immediate breast reconstruction [11]. Characteristics that
are significantly associated with CPM are fear or worry, younger age,
higher socioeconomic status, Caucasian back ground, family history
and having had a MRI at primary diagnosis. Surgeons play an
important role in these decisions: 2% of women discouraged to have
CPM do have this surgery, while 19% of women had CPM after
indifferent recommendations [12].
Ad 2. The annual risk of contralateral breast cancer (2nd primary) is
low: 0.3–0.6%. In other words, if one follows 100 women for 10 years
after primary BC treatment, 3–6 women will be diagnosed with BC.
A number of factors is associated with this risk: anti-estrogen
therapy, family history of BC, high-risk pre-neoplasia status, estrogen
receptor status, breast density, type of first BC, and age at first birth.
Still, considering all these risk factors, the risk does not exceed the
0.6% per annum follow up in these non-mutation carriers [13,14].
Nonetheless, the perception of this risk may well be overestimated by
many women [15,16].
Ad 3. As many women requests bilateral mastectomy, this implies
that breast conserving therapy is perceived to be inferior to
mastectomy with respect to local control and overall survival.
Breast conservation is as good as mastectomy with equal locoregional
control rates and breast cancer related survival. Landmark trials
comparing mastectomy with breast conservation therapy with very
long term follow showed equal survival. And now, population based
studies repeatedly show even a better survival after BCT, with equal or
even better local control rates after BCT [17,18]. Further, if mastectomy
is performed for the primary breast cancer, the chances that the
patient will have an axillary clearance if the SN contains macro
metastases is higher than if she will have breast conservation. After

“These results may facilitate informed discussions between women
and their physicians regarding CPM. Fear and worry may be foremost
concerns at the time surgical decisions are made, when women may
not anticipate the adverse future effect of CPM on body image
and QOL.”
These thoughts are far from complete, but cover to my opinion and
experience the most important issues when considering a CPM.
Neither a firm “I will never do that” nor “Yes, it’s okay I’ll do the
surgery next week” is in place. Here the art of shared decision making
after honest and balanced information requires skills and time [25].
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Ramaswami, Morrow and Jagsi describe an example of a women of
55 years of age with a T2N0 HER2 positive asking for bilateral
mastectomy. In a poll, readers were asked to give their opinion. The
total number of responses was 377: 43% recommended CPM and
56% did not [26]. This illustrates the dilemma very well. First and
above all, we as physicians need to be very well informed to be able to
inform the patient accordingly. The most relevant issues are
extensively addressed in the Society of Surgical Oncology Breast
Disease Working Group statement on prophylactic (risk-reducing)
mastectomy [27]. If one counsels a woman who asks for a CPM it is
very valuable to learn this paper by heart, or at least have it at hand.
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Regional nodal irradiation for early breast cancer; clinical benefit according
to risk stratification
Harry Bartelink*,†
Netherlands Cancer Institute, Anthoni van Leeuwenhoek, Plesmanlaan 121 1066 CX, Amsterdam

A B S T R A C T

Early breast cancer

Three recently published prospective trials on regional nodal irradiation (RNI) in early breast cancer showed a
reduction on breast cancer mortality, any first breast recurrence and/or distant recurrence rate. The positive
outcomes of the modern trials reflect the development in radiotherapy by being more precise nowadays in
radiation dose delivery to the lymph nodes, while reducing the radiation dose to heart and lungs.
The possibility of axillary radiotherapy (ART) to replace axillary node dissection (ALND) after positive sentinel
node (SLNB) biopsy is explored in a few trials. In the AMAROS trial both ALND and ART provide excellent and
comparable LRR in SN+ patients. While the lymphedema was 2 times higher after ALND compared to ART. The
ACOSOG Z0011 10 years results did not show a significant difference in locoregional recurrence rate or survival.
These equal results were seen despite that in 27.4% of the patients had additional positive nodes removed
beyond SLN in the patients who received axillary dissection (ALND). The IBCSG 23-01 phase III trial showed that
there is no need for extra treatment of the axilla after micro-metastases in SLNB, however in this trial nearly all
patients received breast irradiation including part of the axilla, often combined with adjuvant therapy.
The introduction of neo- adjuvant systemic treatment (NACT) may lead to less RNI in early breast cancer,
especially as NACT leads to pCR in axillary lymph nodes in about one third of the patient.
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For estimation of the clinical benefit of regional nodal irradiation
(RNI) historical data with meta-analyses on the impact of radiotherapy after mastectomy (PMRT), should be combined with the results of
recent prospective trials on yes or no regional nodal irradiation (RNI),
including those after positive sentinel node biopsy (SLNB). The
introduction of neo- adjuvant systemic treatment, resulting in
complete responders in part of the patients, has posed new questions
concerning the need for RNI in early breast cancer.
In 2005, an EBCTCG meta-analysis showed that RT after mastectomy or breast conserving surgery (BCS) reduced the locoregional
recurrence rate (LRR) and improved survival [1,2]. The updated metaanalyses on PMRT showed that after mastectomy and axillary
dissection, radiotherapy which included at least the chest wall
reduced both recurrence and breast cancer mortality in the women
both with one to three positive lymph nodes, as well in patients with
four or more positive nodes, but no benefit was seen in node negative

*Corresponding author at: Netherlands Cancer Institute, Anthoni van Leeuwenhoek,
Plesmanlaan 121 1066 CX, Amsterdam.
†
E-mail address: H.Bartelink@nki.nl (H. Bartelink).
This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.
This article was published as part of a supplement sponsored by St. Gallen Oncology
Conferences.

0960-9776 / © 2019 Elsevier Ltd. All rights reserved.

© 2019 Elsevier Ltd. All rights reserved.

patients [3]. This improvement was independent of the use of
systemic treatment. In patients treated for BCS the benefit of RT was
seen in both N− and N+ patients. The EBCTCG concluded that RT
reduces any first recurrence by ∼1/2 and reduces breast cancer
mortality by ∼1/6 [2,3]. Any first recurrence was chosen as an
endpoint based on RT’s proven systemic effect, as time to LRR was not
valid, and LRR and survival ratio didn’t hold up. Data from other trials,
such as the EORTC boost trial, also suggest that the survival impact of
RT for breast cancer is not mediated by its reduction in local control
[4]. Long term follow up of the trials involved in the above-mentioned
meta-analyses showed however increased non-breast-cancer mortality and the incidence of contralateral and other second cancers. For
example, Darby et al. concluded that incidental exposure of the heart
to radiotherapy for breast cancer increased the relative rate of major
coronary events by 7.4% per gray, with no apparent threshold [5].
Stressing the need for sophisticated radiotherapy for patients with
early breast cancer with sparing heart and lungs.
Regional lymph node irradiation
Trials limited to RNI, started before 1990, did not show any decrease
in breast cancer mortality, but more non-breast cancer deaths were
observed in the patients with RNI. This is, probably explained by
radiation exposure of lung and heart. Surgical removal of internal
mammary nodes in a randomized phase III trial also did not show a
benefit in survival [6].
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modern radiation techniques for patients with early breast cancer,
with sparing normal organs while applying RNI.
Axillary radiotherapy or axillary lymph node dissection
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The possibility of axillary radiotherapy (ART)to replace axillary node
dissection (ALND) after positive sentinel node (SLNB) biopsy is
explored in a few trials. The AMAROS trial randomized patients
between ALND and ART for patients with a positive SLNB. Both arms
provided excellent and comparable LRR in SN+ patients, while the
lymphedema was 2 times higher after ALND compared to ART [20]. A
limitation for the AMAROS trial was that due to the low number of
events the planned non-inferiority test was underpowered. However,
the AMAROS results agree with those of the NSABP-04 trial [21] and
the French trial [22], although the latter two trials had patients with
clinically node-negative axilla and not a positive SNLB. Nevertheless,
all three trials seem to suggest that axillary radiotherapy is noninferior to axillary lymph node dissection. The authors of the
AMAROS trial concluded that ART can be considered the preferred
treatment for SN+ patients. The 10 years update confirmed these
results, as presented by E. Rutgers at the SABCS meeting in 2018.
The ACOSOG Z0011 phase III randomized patients between ALND
or no further surgery after a positive SLNB. The 10 years results did
not show a significant difference in locoregional recurrence rate or in
survival [23]. This despite the fact that in 27.4% of the patients had
additional positive nodes removed beyond SLN in the patients who
received axillary dissection (ALND). A limitation of the ACOSOG
Z0011 was that the trial closed early after accruing half of the preplanned 1900 participants and after reaching about a fifth of the 500
deaths required to power the study. It has also to be mentioned that a
large part of patients received tangential field breast irradiation,
including therefore irradiation of level I and part or all level II nodes
and sometimes region III and supraclavicular node regions [24]. Jagsi
et al. reviewed case reports from the trial and concluded therefore:
the results of Z0011 should not be extrapolated to patients who do
not receive adjuvant RT or to those who receive RT using partialbreast irradiation (PBI) or prone techniques, in which substantially
less of the axilla is included [25]. Their opinion was confirmed by the
findings of the Milano group. They showed in their large series of
women with T1 breast cancer and negative sentinel lymph node
treated by BCS, that whole breast radiotherapy (WBRT) lowered
the risk of axillary recurrence by two thirds as compared to PBI [26].
The IBCSG 23-01 phase III trial showed that there is no need for
extra treatment of the axilla after micro-metastases in SLNB, again in
this trial nearly all patients received breast irradiation including
part of the axilla, often combined with adjuvant therapy [27].
Axillary radiotherapy may therefore replace axillary node dissection in patients with positive sentinel nodes, as it reduces the chance
of lymphedema. Whole breast irradiation with tangents, covering
part of the axilla, is an almost obsolete “field based” technique for
radiotherapy. Centers use nowadays a 3D-RT or IMRT (including
rotation) technique which will under-dose the axilla. For patients
with a positive sentinel node biopsy is a specified axilla target volume
should be selected, for guidelines see the ESTRO atlas [28].
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Three recently published prospective large phase III trials on RNI in
early breast cancer changed the view on RNI, as all three showed the
benefit of RT for patient with high risk in nodal involvement on early
breast cancer patients. The EORTC trial randomized between no or
yes irradiation of the internal mammary and supraclavicular nodes
(IM-MS), the Danish cohort study irradiated the internal mammary
nodes in patients with right sided breast cancer, the MA20 trial
included the axilla in the IM-MS fields. No benefit was seen in
patients with negative nodes, limited benefit was observed for 1–3
positive nodes, while a clear benefit was seen in patients with 4 or
more positive nodes. In the EORTC trial disease-free survival and
distant disease-free survival were improved, and breast-cancer
mortality was reduced, the MA20 trial showed a reduced rate of
breast- cancer recurrence, and the DBCG study showed improved the
survival [7–9]. Although some increase in radiation pneumonitis and
arm lymphoedema was observed in the MA20 trial, no increase in
cardiac damage was seen in these three trials. The positive outcomes
of the recent trials compared with the older trials reflect the
development in radiotherapy: by being more precise nowadays in
radiation dose delivery to the lymph nodes, while reducing the
radiation dose to heart and lungs. David Dowell presented an EBCTCG
meta-analysis on RNI at the SABCS meeting in 2108. This analysis
confirmed the benefit as described above from the three major recent
trials. One can therefor conclude that: RNI is indicated for patients
with N4+ patients, where a clear improvement was observed.
Unclear is which subgroup of 1–3 positive nodes benefit from RNI,
it is likely that patients with central or medial located primary tumors
with 1–3 positive nodes will benefit from RNI, as these patients have
higher risk in involvement of the internal mammary nodes (see
below) [10]. Other high risk factors include, age under 50 years,
extensive lympho-vascular invasion, high histologic grade, an
unfavorable molecular profile and large tumor size [11]. The
involvement of the Milano group in regional nodal mapping, as a
fundamental step to stage breast carcinoma demonstrated that the
involvement of internal mammary nodes is an important prognostic
factor apart from the axillary node status [12]. They proposed that
exploration of internal mammary nodes should be part of the
sentinel node staging process for medial or central breast tumors. In a
consecutive paper they presented the results of a large patient series
who received radiotherapy to the IM chain (IMC) in patients with
positive IM nodes. They suggested that their excellent survival result
was due to radiotherapy [13]. The intra-mammary node involvement
may also be discovered by a PET-CT or MRI scan. Other authors
reported also on the biopsy findings visible on IMC drainage on
lymphoscintigraphy for the sentinel node procedure [14]. With
peritumoral or intratumoral injection technique, 20–30% IMN
drainage could be identified by lymphoscintigraphy [10,14–16]. In
about 20% of these patients positive IM nodes were found. Most of
IMN metastases had concomitant axillary metastases, but 8–10%
patients with breast cancer had IMN metastases only [17]. As
concluded already by the Milano group these patients with a positive
IMC are indicated for RT with heart-sparing technique.
One has to weigh the benefit of RNI for individual patients against
possible side effects as heart damage after RT of the internal
mammary chain (IMC), or lymphedema. For example: the myocardial
infarction rate after radiation for BC increases linearly with the
irradiated heart volume [18]. Reductions in irradiated heart volume
are therefore expected to contribute to better cardiovascular health of
BC survivors. The addition of RNI to breast/chest wall irradiation after
axillary node dissection dramatically increased incidence of lymphedema, while in patients treated with sentinel lymph node biopsy
or axillary sampling, there was no association of lymphedema with
the addition of RNI to breast/chest wall irradiation [19]. The chance of
lymphedema is therefore dependent on the extent of axillary surgery
and irradiated volume. A major requirement is therefore the use of
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Neo- adjuvant systemic treatment and RNI
The introduction of neo-adjuvant systemic treatment (NACT) may
lead to less RNI in early breast cancer, especially as NACT leads to pCR
in axillary lymph nodes in about one third of the patients [29,30].
However historical data showed that postmastectomy radiation
improves the outcome of patients with locally advanced breast
cancer who achieve a pathologic complete response to neoadjuvant
chemotherapy [31,32]. While the recent EBCTG analysis on NACT
suggested that tumors downsized by NACT might have a higher local
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Several molecular assays have been developed to identify the
radiation sensibility of breast tumors and/or to predict the individual
need for adjuvant radiotherapy. Although most of them initially were
validated in small series, none of them have been confirmed in major
randomized clinical trials [36–38]. A DBCG-RT gene profile was
identified and validated, identifying patients with very low risk of
LRR having no benefit from PMRT [39]. In contrary Goodman et al.
[40] showed that longer survival associated with PMRT was limited to
women with a low Recurrence Score (RS), therefore: PMRT may
confer the greatest survival benefit for patients at the lowest risk of
distant recurrence. These results caution against omission of PMRT
among women with low RS. Also, two postmastectomy trials
including Luminal A patients treated with adjuvant chemotherapy
turned out to have a significant lower incidence of loco-regional
recurrence when randomized to adjuvant radiotherapy, leaving no
indication to omit postmastectomy adjuvant radiation in premenopausal high-risk patients with Luminal A tumors [41]. The
potential for using circulating tumor cell (CTC) status as a predictive
biomarker for benefit of radiotherapy among patients with earlystage breast cancer was recently described by Goodman et al. [42].
They showed that radiotherapy was associated with longer locoregional recurrence-free survival, disease-free survival, and overall
survival specifically for patients with CTC-positive disease. It was
speculated that radiotherapy, via the local release of immunogenic
factors, may lead to enhanced systemic antitumor immune activity
that is able to eradicate subclinical micro-metastatic disease [43].
This may also explain the benefit in reducing the distant recurrence
rate after RNI and PMRT. Alternatively, CTC status may be a surrogate
for residual local disease or associated with endocrine resistance [44].
Confirmation of the molecular assays in prospective trials or large
patient cohorts are still required before applying them in routine
clinical practice.
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axilla after a positive sentinel node in breast cancer (EORTC 10981-22023 AMAROS): A
randomised, multicentre, open-label, phase 3 non-inferiority trial. Lancet Oncol
2014;15:1303–10.
Fisher B, Jeong JH, Anderson S, Bryant J, Fisher ER, Wolmark N. Twenty-five-year followup of a randomized trial comparing radical mastectomy, total mastectomy, and total
mastectomy followed byirradiation. N Engl J Med 2002;347:567–75.
Louis-Sylvestre C, Clough K, Asselain B, et al. Axillary treatment in conservative
management of operable breast cancer: Dissection orradiotherapy? Results of a
randomized study with 15 years of follow-up. J Clin Oncol 2004;22:97–101.
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recurrence rate after breast-conserving therapy than tumors of the
same dimensions in women who have not received NACT [33]. Some
publications based on comparative cohort data, give conflicting
results on the benefit of RNI [34,35]. Fortunately, ongoing trials such
as The NSABP B-51/Radiation Therapy Oncology Group 1304 and
Alliance A011202 trials will answer the question: Is further deescalating justified by withholding RNI for N1 patients with a
negative SNLB after NACT?
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The clinical benefit from modern radiotherapy trials on regional
lymph node radiotherapy (RNI), for especially in patients with ≥4
positive nodes, reflect the development in radiotherapy by being
more precise nowadays in radiation dose delivery to the lymph nodes,
while reducing the radiation dose to heart, lungs and part of the
axilla. The individual decision on RNI should be based on risk factors
and always require application modern radiotherapy techniques with
heart sparing. Axillary radiotherapy may replace axillary node
dissection in patients with positive sentinel nodes, as it reduces the
chance of lymphedema, and reduces also the need for axillary
dissection in these patients. Biological markers for assessing the need
and/or sensitivity for radiotherapy in individual patients, need to be
validated before applying them in the clinic.
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Individualised target volume selection and dose prescription after
conservative surgery, mastectomy and reconstruction
Boon H Chuaa,b, *,†
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A B S T R A C T

Breast cancer

Progress in radiotherapy (RT) for early breast cancer, driven by advances in radiobiology and radiation
techniques is enabling individualised target volume and dose-fractionation according to recurrence risk.
Conventionally fractionated WBI (CF-WBI) has been justified on the basis that it spares dose-limiting lateresponding normal tissues more than breast cancer. However, randomised clinical trials (RCTs) testing
hypofractionated WBI (HF-WBI) showed equivalent tumour control, improved acute toxicity and similar late
toxicity between selected HF-WBI schedules and CF-WBI.
RCTs showed that tumour bed boost (TBB) after WBI improved local control but increased breast fibrosis
compared to no TBB. RCT comparing sequential TBB and simultaneous integrated TBB using dose intensity
modulation showed similar toxicity.
Partial breast irradiation (PBI) limits target volume to the tumour bed, which permits safe treatment
acceleration. RCTs showed that PBI resulted in low local relapse rates but in some RCTs, higher rates of late
toxicity and adverse cosmetic outcome than WBI. Given heterogeneity of PBI techniques, target volumes and
dose-fractionation schedules used in RCTs, interpretation of results to distinguish whether outcome variations
are caused by target volume or dose-fractionation effect is challenging.
RCTs demonstrating efficacy of post-mastectomy RT (PMRT) included the chest wall and regional nodes but did
not distinguish relative contributions of nodal target sub-volumes. In patients with smaller axillary tumour
burden, IMC irradiation is controversial.
RCTs were not powered for comparison between CF-PMRT and HF-PMRT. No increase in arm or shoulder
dysfunction with HF-PMRT was observed. No RCT data exist on HF-PMRT in patients with breast reconstruction
© 2019 Elsevier Ltd. All rights reserved.
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Radiation therapy (RT) is integral to contemporary multidisciplinary
management of patients with invasive breast cancer. In recent years,
remarkable progress is being made towards individualisation of
radiation target volume and dose-fractionation, tailored to the risks
of disease recurrence, patterns of relapse and patient-related
considerations. The progress is being enabled by integration of
advances in radiation technology and techniques, knowledge in
tumour biology and radiobiology, and multidisciplinary care.
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After breast conserving surgery: radiation dose fractionation
Hypofractionated whole breast irradiation
Randomised clinical trials have shown that whole breast irradiation
(WBI) after breast conserving surgery improves local control and
breast cancer survival, and has been recognised as standard of care in
breast conserving therapy for non-metastatic breast cancer for over
two decades [1–3].
The conventional fractionation regimen of 50 Gray (Gy) in 25
fractions delivered in 2- Gy daily fractions over five weeks was
commonly used in randomised trials of WBI after breast conserving
surgery. This historical standard has been justified on the basis that
2- Gy fractions spare dose-limiting late-responding normal tissues to
a greater extent than breast cancer. However, radiobiological
modelling generated the hypothesis that hypofractionation involving
delivery of a lower total dose in fewer, larger fractions might be at
least as safe and effective as conventional fractionation [4].
Since 1990s, randomised trials involving over 7000 patients
have investigated whether moderately hypofractionated RT could
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Table 1
Rates of local recurrence in randomised trials of hypofractionated radiation therapy after surgery for early breast cancer.
Randomisation

START-P [5,6]

50/25/35
42.9/13/35
39/13/35
50/25/35
41.6/13/35
39/13/35
50/25/35
40/15/21
50/25/35
42.5/16/22

START-A [7,8]

START-B [7,9]
Ontario [10,11]

a

b

N

Stage

1410

T1-3N0-1

2236

T1-3aN0-1

9.3

2215

T1-3aN0-1

9.9

1234

T1-2N0

c

Follow-up
(years)

10-year LR rate
d
% (95% CI )

10-year cosmetic
outcome (%)

10

12.1 (8.8–15.5)
9.6 (6.7–12.6)
14.8 (11.2–18.3)
6.7 (4.9–9.2)
5.6 (4.1–7.8)
8.1 (6.1–10.7)
5.2 (3.9–6.9)
3.8 (2.7–5.2)
6.7
6.2

63.8
e
74.4
e
58.0
e
34.2
e
31.4
e
30.0
f
31.2
f
26.2
f
71.3
f
69.8

e

on
ly

Trial

12

a

Randomisation, total dose (Gy)/total number of fractions/overall treatment time (days).
N, number of patients.
c
LR, local recurrence.
d
CI, confidence interval.
e
Cosmetic outcome, % breast shrinkage at 10 years.
f
Cosmetic outcome, % excellent or good breast cosmesis at 10 years.
b

to be a result of the well-balanced patient and treatment characteristics of the two arms.
Recognising the controversies on the use of adjuvant hypofractionated WBI in patients who were under-represented or
excluded from the four studies, the 10-year results of multiple
well-designed, large-scale randomised trials have provided the
considerable body of evidence that moderately hypofractionated
adjuvant WBI of 40–42.5 Gy in 15–16 fractions given over 3 weeks
is at least as safe and effective as conventionally fractionated WBI
for early breast cancer [5–11,13–16]. The START trial population
was representative of the contemporary UK population, only
excluding patients having immediate breast reconstruction or
concurrent chemotherapy [4–9]. The Ontario trial population
represented the largest patient subgroup referred for adjuvant RT
in many countries [4,10,11]. In addition, considered application of
hypofractionated WBI provides clear socio-economic benefits for
the patients and health care systems [17,18]. Thus, hypofractionated WBI has been adopted as the standard or preferred regimen
in international guidelines, and increasingly incorporated in
routine practice [13,19].
The limits of adjuvant hypofractionated WBI are being tested in
two randomised trials investigating the regimen of five fractions
given in one week (Table 3) [20,21].
At a median follow-up of three years, analyses of adverse effects,
the primary end point of the UK FAST trial were consistent with the
START trials [20]. These early results informed design of the FASTForward trial, which tests two dose levels of WBI or post-mastectomy
RT given in five fractions over one week against the control of 40 Gy in
15 fractions. Early results showed mild acute skin reactions with the
1-week regimens. Long-term results are necessary to guide the
evolving practice of adjuvant RT for early breast cancer to further
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yield comparable oncologic, cosmetic and toxicity outcomes as
conventionally fractionated RT (Tables 1 and 2) [5–11]. All four trials
tested the control regimen of 50 Gy in 25 fractions following primary
surgery, mostly breast conserving surgery, against hypofractionated
regimens involving fraction sizes in the range of 2.7–3.3 Gy.
The Standardisation of Breast Radiotherapy pilot (START-P) and
START-A trials are three-arm randomised trials designed to generate
radiobiological data on local control and normal tissue effects
unconfounded by differences in the overall treatment time (five
weeks) [5–8]. The 42.9 Gy arm of the START-P conferred a statistically
inferior change in breast appearance leading to a dose reduction to
41.6 Gy for this arm of the START A trial. The START-B and Ontario
trials are pragmatic two-arm randomised studies testing noninferiority of hypofractionated WBI schedules in terms of local
control and adverse effects [7,9–11].
Both START-B and Ontario trials confirmed non-inferiority of
hypofractionated RT compared to conventionally fractionated RT
[7,9–11]. In the START-B trial, the 10-year LR rate of 3.8% in the
hypofractionation arm compared to 5.2% in the control arm suggests
a time effect for local control after adjuvant breast RT [7,9,12]. A
hypothesis-generating analysis of the START trials postulates that
overall treatment time is a significant determinant of local control,
with approximately 0.6 Gy per day “wasted” in compensating for
tumour cell proliferation when conventional 2- Gy fractions are
used [12].
The hypofractionation arm of START-B showed a statistically
significant 10-year survival benefit, which could be accounted for
by the lower distant relapse rate after the first few years of follow-up
translating into a survival benefit [7,9]. However, this effect occurred
too early to be a result of the better local control as the survival
benefit would not be expected until after 15 years. It was also unlikely

Table 2
Rates of distant relapse and mortality in randomised trials of hypofractionated radiation therapy after surgery for early breast cancer.
Trial

Randomisation

START-A [7,8]

50/25/35
41.6/13/35
39/13/35
50/25/35
40/15/21
50/25/35
42.5/16/22

START-B [7,9]
Ontario [10,11]
a

a

10-year distant
relapse rate (%)
14.7
16.8
18.0
16.0
12.3
—
—

Randomisation, total dose (Gy)/total number of fractions/overall treatment time (days).

P

0.58
0.11
0.014

10-year
mortality rate %
19.8
18.4
20.3
19.2
15.9
15.6
15.4

P

0.74
0.69
0.04
0.56
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Table 3
Randomised trials testing 1-week regimen of hypofractionated radiation therapy after primary surgery for early breast cancer.
a

a

Trial

Number

Stage

Follow-up
(years)

Arm 1

Arm 2

Arm 3

FAST [20]
FAST-Forward [21]

915
4000

T1-2 N0
T1-2 N0

3
3

50/25/35
40/15/21

28.5/5/35
27/5/7

a

30/5/35
26/5/7

a

Total dose (Gy)/total number of fractions/overall treatment time (days).

After breast conserving surgery: radiation target volume
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Randomised trials showed that boost radiation of 10–16 Gy in 4–8
fractions to the primary tumour bed following adjuvant WBI
improved local control but increased breast fibrosis compared to no
boost radiation (Table 4) [22–24].
Controversies on the indications aside, boost radiation is commonly used after WBI in patients with risk factors for local recurrence
including young age and positive surgical margins when re-excision
is not performed due to patient preferences or consideration of risks
and benefits [13,14,22,23,25]. Limited data exist on tumour subtypes
to further inform treatment decisions on boost radiation [13,25].
There are no randomised trials data to guide individualisation of
boost radiation dose-fractionation after WBI in patients with negative
surgical margins. In the absence of strong risk factors for local
recurrence, clinical guidelines suggest 10 Gy in 4–5 fractions as the
standard boost dose-fractionation irrespective of whole breast dosefractionation used [13]. Boost radiation of 10 Gy in 5 fractions was
applied in 61% of START-A trial patients and 43% of START-B trial
patients with no significant differences in boost distribution between
study arms [4,8,9]. A post-hoc subgroup analysis showed that local
control was not significantly different between conventionally
fractionated and hypofractionated WBI arms, irrespective of the use
of boost radiation [7]. Further research is required to validate these
findings.
In high-risk patients, clinical guidelines suggest an increase in the
boost dose to 14–16 Gy in 7–8 fractions or 12.5 Gy in 5 fractions [13].
However, there is a paucity of high-level data to underpin the practice.
The 10-year results of a randomised trial of 10- Gy versus 26- Gy
boost radiation in 251 patients with a microscopically incomplete
excision of early breast cancer showed a significantly higher rate of
fibrosis in the 26- Gy group but did not show a statistically significant
difference in the local recurrence rates (17.5% for 10- Gy boost versus
10.8% for 26- Gy boost) [26]. Although the optimal boost dosefractionation remains unclear, clinical guidelines support delivery of
boost radiation after WBI in patients with positive margins due to
the higher local recurrence risk in these patients [13,27].
In two randomised trials, the boost radiation was administered
using conventional fractionation sequentially after WBI [22,23]. The

on
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Tumour bed boost in conjunction with adjuvant whole breast irradiation

safety and efficacy of hypofractionated WBI formed the basis to test
the hypothesis that dose escalated simultaneous integrated boost
(SIB) delivered concurrently with WBI is as safe and non-inferior to
conventionally fractionated boost given after WBI. In the UK IMPORT
HIGH randomised trial, dose intensity modulation was used to vary
fraction size across the breast according to the risk of relapse [28]. The
control group received 40 Gy in 15 fractions to the whole breast
followed by 16 Gy in 8 fractions to the tumour bed over 4.5 weeks.
The two test groups received 36 Gy to the whole breast, 40 Gy to the
partial breast, and either 48 Gy (test group 1) or 53 Gy (test group 2)
to the tumour bed, all given in 15 fractions simultaneously over three
weeks. At three years, the rates of moderate or marked adverse events
were similar between the groups. Efficacy data are pending. Longer
term results of randomised trials testing SIB will inform more
effective distributions of breast dose to further improve therapeutic
ratio [28,29].
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improve the balance of local control, toxicity and socio-economic
burdens of treatment.

Partial breast irradiation
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Partial breast irradiation (PBI) after breast conserving surgery limits
the radiation target volume to the primary tumour bed where
most local recurrences are observed [30–32]. The reduced target
volume may permit safe acceleration of radiation delivery usually in
one week or less using a range of techniques including interstitial or
balloon catheter-based brachytherapy, intraoperative RT or threedimensional conformal external beam RT. Thus, the PBI approach provides an opportunity to integrate reduced target volume and hypofractionation to improve the convenience of treatment. However, as
recurrences may develop and microscopic disease may extend beyond
the primary tumour bed, PBI is the subject of considerable ongoing
investigation involving over 22,000 patients (Table 5) [33–51].
In the 2016 Cochrane review, local recurrence-free survival
appeared worse with PBI compared to WBI (hazard ratio [HR] 1.62,
95% confidence interval [CI] 1.11–2.35; six studies, 6820 participants)
[52]. However, the absolute local recurrence rate with PBI was low,
and was increased by 5 per 1000 patients (range 1–11 per 1000).
There was no clear evidence of a difference in overall survival, causespecific survival, distant metastasis-free survival or relapse-free
survival between PBI and WBI. Cosmetic outcome was worse with
PBI when participant-reported (odds ratio [OR] 1.74, 95% CI 1.06-2.87;

Table 4
Rates of local recurrence in randomised trials of boost radiation to primary tumour bed following surgery and whole breast irradiation for
early breast cancer.
Trial

EORTC [22]

Budapest [23]
Lyon [24]
a

Number

WBI

c

Randomisation

5318

50/25

b

207

50/25

b

1024

50/20

WBI, whole breast irradiation.
Total dose (Gy)/total number of fractions.
HDR, high dose rate brachytherapy.

b

a

b

No boost
b
Boost 16/8
No boost
b
c
b
Boost 16/8 (or HDR 12/3 )
No boost
b
Boost 10/4

Follow-up
(years)
17.2
5.3
3.3

Local recurrence
rate (%)
16.4
12.0
15.5
6.7
4.5
3.6

P

<0.0001

0.044
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Table 5
Characteristics of randomised trials of whole breast irradiation versus partial breast irradiation for early breast cancer treated with conservative surgery.
a

PBI dose fractionation

b

55 Gy/20 F

b

37.5 Gy/10 F twice daily
c
36.4 Gy/7 F (HDR)
c
42–50 Gy/21–25 F (electrons)
c
40–42.5 Gy/8 F
c
21 Gy (90% isodose)/1 F
c
20 Gy (tumour bed surface)/1 F

Trial

N

pT1-2 (%)

pN0 (%)

PBI modality

Yorkshire [35]

174

100%

MV photons

Barcelona [36]
Budapest [37]

102
258

100%
100%

WBI 69%
PBI 59%
(cN0)
97%

Christie [38]
ELIOT [39]
TARGIT [40,41]

708
1305
3451

100%
100%
100%

(cN0)
73%
51%

Florence [42]
GEC-ESTRO [43]

520
1184

89%
95%

86%
95%

IMPORT LOW [44]
RAPID [45,46]
NSABP B39/RTOG0413 [47]

2018
2135
4216

100%
82%
76%

97%
100%
65%

IRMA [48,49]
SHARE [50,51]

3302
2796

100%
Not published

Not published
Not published

c

on
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c

30 Gy/5 F
c
30.3–32.0 Gy/7–8 F (HDR)
50 Gy at 0.6–0.8 Gy/hour (PDR)
c
40 Gy/15 F
c
38.5 Gy/10 F twice daily
c
38.5 Gy/10 F twice daily (photons)
c
34 Gy/10 F (brachytherapy)
c
38.5 Gy/10 F twice daily
c
40 Gy/10 F twice daily

se

b

(reduced-dose group); or 40 Gy to the partial breast only ( partialbreast group) in 15 daily fractions using intensity-modulated
RT [44]. In distinction from the other randomised trials, as the
protocol therapy in all three IMPORT LOW groups was administered in an identical number of daily fractions, outcome
differences would be more likely a result of differences in the
radiation target volume between the groups.

•

The RAPID trial randomised 2,135 patients to adjuvant PBI using
three-dimensional (3D) conformal RT (38.5 Gy in 10 fractions
delivered twice daily) or WBI (42.5 Gy in 16 daily fractions or
50 Gy in 25 daily fractions +/- boost radiation) [45,46]. It was
designed to show that the 5-year local recurrence rate with PBI
was not inferior to WBI by >1.5% (HR ≤2.02) with 85% power and a
one-sided alpha of 5%.

IMPORT LOW is a phase 3, non-inferiority trial that randomised
2,018 patients to receive 40 Gy to the whole breast (control
group); 36 Gy to the whole breast and 40 Gy to the partial breast

Table 6
Treatment outcomes of studies investigating internal mammary nodal irradiation.
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•

At a median follow-up of 72 months, the 5-year estimates of local
relapse cumulative incidence were 1·1% (95% CI 0·5-2·3) of patients in
the control group, 0·2% (95% CI 0·02–1·2) in the reduced-dose group,
and 0·5% (95% CI 0·2–1·4) in the partial-breast group. In comparison
with the control group of WBI, the study showed non-inferiority in
terms of local relapse for both the test groups of reduced-dose RT and
PBI, and recorded equivalent or fewer late normal-tissue adverse
effects after reduced-dose RT or PBI.
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p = 0.03), assessed by trained nurse observers (OR 3.14, 95% CI 1.815.45; p = 0.00001) or physician-reported (OR 1.51, 95% CI 1.17-1.95; p =
0.002). In comparison to WBI, PBI was associated with decreased
acute skin toxicity but not associated with increased breast pain or
late skin toxicity. However, it resulted in higher rates of telangiectasia,
fat necrosis and subcutaneous fibrosis. PBI was also associated with
more “elsewhere primaries” (OR 3.97, 95% CI 1.51-10.41).
The single fraction of intraoperative irradiation of the tumour bed
using megavoltage electrons in the ELIOT trial or low energy X-rays in
the TARGIT trial represent the potential end point of hypofractionation in breast cancer [39–41]. In the ELIOT trial, at a median follow-up
of 5.8 years, the 5-year local recurrence rates were 4.4% after PBI
versus 0.4% after WBI [39]. In the TARGIT trial, at a median follow-up
of 2.4 years, the 5-year local recurrence rates were 3.3% in the PBI arm
compared to 1.3% in the WBI arm ( p = 0.042) [41]. However, their
results to date are difficult to interpret due to the uncertainties in
dosimetry and target volume, and in the case of TARGIT trial, the
limited follow-up.
Since publication of the Cochrane review, the results of a number of
randomised trials have been reported.

c

MV photons
d
HDR
electrons
Electrons
e
IORT (Electrons)
e
f
IORT (50 kV
photons)
b
MV photons
d
HDR
g
PDR
b
MV photons
b
MV photons
b
MV photons
brachytherapy
b
MV photons
b
MV photons

a

PBI, partial breast irradiation.
MV, megavoltage.
c
F, fraction(s).
d
HDR, high dose rate brachytherapy.
e
IORT, intraoperative radiation therapy.
f
kV, kilovoltage.
g
PDR, pulsed dose rate brachytherapy.

a

Number
Follow-up
Radiation target volume

c

DFS
c
Distant DFS (%)
Breast cancer mortality (%)
Overall survival (%)
a

SCF, supraclavicular fossa.
IMC, internal mammary chain.
c
DFS, disease free survival.
b

French randomised trial [69]
1332
8.6 years
a
Chest wall + SCF

50%
—
—
59%

Danish cohort study [68]

a

Chest wall + SCF
b
+ IMC

P

53%
—
—
63%

0.35
—
—
0.8

3089
8.9 years
Breast/chest wall
a
+ SCF
—
70%
23%
72%

Breast/chest
a
wall + SCF
b
+ IMC
—
73%
21%
76%

P

—
0.07
0.03
0.005
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The NSABP B-39/RTOG 0413 trial aimed to determine if adjuvant
PBI provided equivalent local control compared to WBI, basing the
equivalency test on a HR of 1.5 [47]. The trial randomised 4,216
patients to receive PBI using brachytherapy or 3D external beam
radiation (34–38.5 Gy in 10 fractions given twice daily) or WBI
(50 Gy in 25 daily fractions followed by a sequential boost
radiation).

The practice-changing evidence underpinning the safety and efficacy
of moderately hypofractionated adjuvant RT in early breast cancer
pertains primarily to breast conserving therapy [7–11]. Although the
START trials which included 513 patients treated with mastectomy
were not powered for statistical analysis, fractionation sensitivity of
the skin and ribcage is unlikely to differ in the setting of postmastectomy chest wall irradiation [4–9]. The HRs and 95% CIs for
selected patient-reported outcomes in START-A have raised no
particular cause for concern [4,57]. Of the 470 patients who had
regional nodal irradiation in the START trials, hypofractionation was
not shown to increase the rates of shoulder stiffness or arm oedema
[4,7]. In the START-B trial, no cases of brachial plexopathy were
recorded after 40 Gy in 15 fractions.
A recently reported randomised trial compared conventional
fractionation versus hypofractionation (43·5 Gy in 15 fractions over
3 weeks) in 820 patients with locally advanced breast cancer treated
with post-mastectomy irradiation of the chest wall and regional
lymphatics [58]. At a median follow-up of 58.5 months, there was no
significant difference in the 5-year cumulative incidence of localregional recurrence or acute and late toxicities between the two
groups.
Hypofractionation for post-mastectomy RT is being investigated
in a number of randomised trials worldwide [59–63]. Until these
studies are reported, the available data suggest that moderately
hypofractionated RT directed to the chest wall and regional
lymphatics is similarly safe and effective as conventional RT, provided
that the total dose is sufficiently reduced to minimise the risk of late
normal tissue toxicity.
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At a median follow-up of 10.2 years, the HR for local recurrence was
1.22 (90% CI 0.94-1.58). Thus, as upper limit of 90% CI for the observed
HR did not lie between the protocol-defined margin of 0.667 and 1.5,
PBI did not meet the criteria for equivalence to WBI in controlling
local recurrences. However, the absolute difference in the 10-year
local recurrence rates was 0.7% (PBI 4.8% versus WBI 4.1%). Similarly,
although the 10-year risk of a recurrence-free interval event was
statistically significantly higher for PBI, the absolute difference was
small (PBI 8.1% versus WBI 6.6%). Distant disease-free interval,
disease-free survival and overall survival were not different between
the groups. Grade 3–5 toxicities, although low, were more common for
PBI than WBI (grade 3, 9.6% versus 7.1% and grade 4–5, 0.5% v 0.3%).
Given the heterogeneous trial population with stage 0–2 breast cancer,
additional outcome analyses may refine patient selection for PBI.
The totality of evidence to date suggests that PBI was associated
with a higher rate of local recurrence compared with WBI after
conservative surgery but the absolute rates of this outcome measure
were low with both approaches, particularly in the more recent
studies. There was also no conclusive evidence of detriment to the
other oncological outcomes in trials of PBI. Adverse late normal tissue
effect and cosmetic outcome of PBI were not consistently observed
across all trials. However, the heterogeneity of PBI modalities,
radiation target volumes and dose-fractionation regimens used in
the randomised trials challenges interpretation of the observed
outcomes to distinguish whether the outcome variations were a
result of target volume or dose-fractionation effect. These limitations
of available data preclude clear recommendations on the optimal
techniques, target volumes and dose-fractionations in the delivery of
PBI at present. Longer term safety and efficacy data are essential for
definitive evaluation of the treatment approach.
A key determinant of successful application of PBI in clinical
practice is patient selection. As the level I outcome data expand and
mature, heterogeneity of patient populations enrolled in trials of PBI
may provide clarity on the relative importance of patient and tumour
characteristics including patient age and status of regional lymph
nodes, surgical margins, hormone receptor and HER-2 in the
assessment of patients for suitability for PBI.
Although PBI has moved beyond the category of experimental
therapeutics, its role in the treatment of patients with lower risk early
breast cancer will continue to evolve. With advances in multidisciplinary care and biomarker-directed risk stratification, the controversy
of routine RT after conservative surgery is amplified by the falling
local recurrence rates over the last 2–3 decades [54]. Multiple clinical
trials are in progress to identify low-risk patient populations in whom
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breast irradiation, whole or partial, may be safely omitted. A
pragmatic interim approach to PBI is to limit current off-study
application to low-risk patients defined by international and national
guidelines [55,56].
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At a median follow-up of 8.6 years, the 5-year and 8-year
cumulative rates of local recurrence were 2.3% and 3.0% for the PBI
group, and 1.7% and 2.8% for the WBI group, respectively (HR 1.27, 90%
CI 0.84-1.91). Thus, PBI was non-inferior to WBI in preventing local
recurrence. Although acute radiation toxicity was less with PBI than
WBI (≥ Grade 2, 28% versus 45%, p<0.001), late radiation toxicity was
greater with PBI (≥ grade 2, 32% versus 13%, p<0.001 and grade 3, 4.5%
versus 1.0%, p<0.001). The 5-year adverse cosmesis was also higher
with PBI compared with WBI (32% versus 16%, p<0.001). Thus, these
results do not support adoption of the RAPID PBI regimen in clinical
practice, and further research is necessary to refine the dosefractionation regimen [53].
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After mastectomy: radiation target volume

Randomised trials demonstrating efficacy of post-mastectomy RT
commonly included the chest wall and regional lymphatics in the
supraclavicular or axillary fossa (or both), and internal mammary
chain (IMC) in the target volume [64]. More recently, the European
Organisation for Research and Treatment of Cancer (EORTC) 22922/
10925 and the National Cancer Institute of Canada Clinical Trials
Group MA.20 evaluating comprehensive regional nodal irradiation
after conservative surgery or mastectomy showed an increase in
disease-free survival and distant disease-free survival at a median
follow-up of approximately 10 years [65,66].
Despite the expanding evidence underscoring the efficacy of localregional RT for node-positive breast cancer, available data do not
enable distinction of the relative contributions of irradiation of the
target sub-volumes towards the reported treatment efficacy. In the
eight trials of regional nodal irradiation without chest wall RT, RT
reduced local-regional recurrence but not overall recurrence or breast
cancer mortality suggesting that the chest wall was an important
target volume [64]. The decrease in axillary and supraclavicular
recurrences observed in the EORTC 22922/10925 and MA.20 trials
supported the therapeutic value of irradiation of these nodal
subgroups [65,66].
Although the IMC was irradiated in 20 of the 22 randomised trials
showing benefits of post-mastectomy RT, routine IMC irradiation
remains controversial particularly in patients with smaller axillary
tumour burden [64]. A Danish population based study showed an
increase in overall survival and breast cancer-specific survival for
patients with right-sided, node-positive disease treated with IMC
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It is recognised that patients with breast reconstruction are at
increased risks for late fibrosis and adverse cosmetic outcome
after RT. However, no high-quality data exist on the normal tissue
effects of hypofractionated RT in these patients. The START trials
were conducted prior to the era of oncoplastic surgery, and breast
reconstruction was an exclusion criterion for the recently reported
randomised trial evaluating hypofractionated post-mastectomy RT
[5–9,58]. Thus, selection of radiation dose-fractionation regimen
after breast reconstruction is primarily empirical at present.
Randomised trials testing moderate hypofractionation after reconstruction are underway [70, 71].
As current RT techniques often include the reconstruction in the
target volume, contemporary volume-based RT planning may reduce
radiation dose to the reconstruction and potentially decrease
treatment toxicity per recent publication of the European Society
for Radiotherapy and Oncology (ESTRO) consensus guidelines [72].
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irradiation compared to patients with left-sided breast cancer treated
without IMC irradiation, signifying the importance of IMC irradiation
as a component of comprehensive local-regional therapy [67].
However, a survival benefit was not recorded in a randomised trial
testing IMC irradiation [68].
Consensus guidelines recommend that the radiation target volume
includes the IMC when post-mastectomy RT is used for patients with
node-positive disease [69]. However, there is insufficient evidence to
define patient subgroups that may derive limited or no benefits from
the treatment.
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The past four decades have witnessed remarkable progress in the
local-regional radiation treatment of early breast cancer, underpinned by substantial evidence generated through rigorously
designed and conducted, practice-changing clinical trials discussed
in this review. The design of a number of these clinical trials was built
on the foundation of an increasingly refined knowledge base in
the radiobiology of breast cancer arising from decades of methodical
investigations, and enabled by the rapid advances in radiation
technology and techniques. However, considerable work remains to
fully realise the promise of personalised RT through optimisation of
radiation target volume and dose-fractionation in individual patients.
Most critically, radiation treatment of early breast cancer must be
advanced in the broader context of the extraordinary progress in
molecular biology, genomics and bioinformatics, and multidisciplinary patient care. Decisions on RT based on residual disease burden
estimated using conventional histopathology and historic nodal
prognostic groups have served our patients well but are increasingly
inadequate. The future in personalised RT will be driven by
integrating residual disease burden with tumour biology, and
enabled by multidisciplinary collaboration.
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A B S T R A C T

breast cancer

Because of its physical properties, proton irradiation should be the treatment of choice for loco regional
irradiation of breast cancer patients.
Conventional irradiation usually with photons has improved in the past decades reducing the dose to the organs
at risk like the heart and the lungs. Still due to the properties of photons the organs at risk get unintended dose.
Protons are charged particles and are able to deliver the dose to a specified depth where they stop and therefore
no exit dose like in photon irradiation. This is the so-called Bragg Peak.
Although in recent years there has been a clear increase in the number of proton facilities, the availability
remains scarce and the costs high. The increased availability and improvement in delivery techniques have let to
more interest in the applicability for breast cancer patients. The most important challenge is how to select
patients that most benefit from this new technique.
Irradiated breast cancer patients are at increased risk to develop cardiac and pulmonary toxicity and have more
chance to develop secondary tumors. The advantages of dose reduction achieved by using proton irradiation or
any other technique can be quantified by using data on dose effects relation for the toxicity of interest.
Patients that most benefit from proton irradiation can be selected by the model based approach (the Dutch
model). This model based approach quantifies the risk reduction based on the difference in dose to the organ of
interest between photon and proton irradiation.
© 2019 Elsevier Ltd. All rights reserved.

radiotherapy
irradiation
heart

A B B R E V I AT I O N S
ALARA = as low as reasonable achievable
LINAC = Linear accelerator
OAR = Organs at risk
Gy = Gray
IMN = internal mammary nodes
IMRT = intensity modulated radiotherapy
VMAT = volumetric-modulated arc therapy
RCTs = randomized controlled trials
RadCom = Radiotherapy Comparative
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Dosimetric all breast cancer patients benefit from proton irradiation
(As low as reasonable achievable (ALARA))
Not all breast cancer patients have clinical relevant benefit from
proton irradiation
Appropriate selection criteria needs to be applied to select breast
cancer patients that can benefit the most from proton irradiation

Introduction

Irradiation as part of breast cancer treatment has contributed to
both improvements in local control as well as survival. Traditionally
breast cancer patients have been treated with x-rays, exposing
patients to the risks of dose outside of the target (the breast, chest
wall and or regional nodes). Although the use of proton irradiation
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in cancer treatment is not new for the treatment of breast cancer
there is limited data available. With the increased availability and
improvements in delivery techniques there is more interest in the
applicability of proton irradiation for breast cancer patients.
This article will review the potential role of proton irradiation in
breast cancer patients.
Photons versus protons
Contemporary external irradiation with photons (x-rays) is delivered
by a linear accelerator (LINAC). The delivered energy increases after
contact with the surface (skin) reaching a maximum beneath the skin
and decreasing the delivered energy the further it travels through the
body. This means that photons do not stop but slow down when
passing through the body. On the contrary protons do stop and have
no exit dose. Protons are charged particles generated by a particle
accelerator (cyclotron/cynclotron). Based on the energy, protons stop
at a specific depth and deliver all their energy this is the so called
Bragg peak. In order to cover a tumor adequately Bragg peaks of
several energies are delivered resulting in a spread out Bragg peak.
Figure 1 gives a graphic representation of the relation between
relative dose deposition and distance in the body for photons and
protons.
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In breast cancer irradiation the target is either the breast or chest wall
with or without one or more regional lymph node regions. Given
the anatomical relation of the organs at risk like lungs, heart and
esophagus located dorsally to the target makes it extremely
interesting to use a delivery technique without an exit dose.
The occurrence of radiation induced late effects, which can be
considered as an accelerated aging process, shows no plateau phase
presenting even years after treatment. The younger a patients the
more years at risk for developing radiation induced side effects. The
threats of long term side effects are a major burden for the cured
patients.
It has been shown that at 15 years of follow-up, patients treated for
left-sided breast cancers have a 1.58 times increased risk for cardiac
death compared to right-sided breast cancer patients [1]. More recent
data show that each Gray (Gy) increase in mean heart dose correlates
with a 7.4% increase in risk of a major acute coronary event [2]. This
risk is even higher in the first nine years of follow up [2,3]. In addition,
on top of surgery and irradiation, an increasing number of patients
are treated with cardiotoxic systemic therapies such as anthracyclines
and trastuzumab. Boekel et al. have shown that irradiation to the
internal mammary chain (IMN) in combination with anthracyclinebased chemotherapy significantly increases the risk of cardiovascular
diseases like ischemic heart disease, heart failure and valvular heart
disease [4]. One of the other long term side effects of irradiation is
secondary tumor induction. Compared to non-irradiated breast
cancer patients, patients irradiated for breast cancer have a 1.66
times increased risk for developing lung cancer and a 2.17 increased
risk of esophageal cancer [5]. Irradiation for breast cancer in women
less than 40 years is associated with a 2.5 times increased risk to
develop a contralateral breast cancer [6].
The risk of developing irradiation-induced side effects correlates
with irradiation dose and irradiated volume, it is therefore important
to attempt to reduce the irradiation dose and volume to the OAR [7].

intensity modulated radiotherapy (IMRT), volumetric-modulated arc
therapy (VMAT), tomotherapy either or not combined with breath
hold techniques, it is possible to significantly reduce the dose to the
most critical anatomical structures. However, despite the technological improvements, there are still a small proportion of patients
that remains at a relatively high risk for developing treatment related
side effects. Moreover, although with IMRT and VMAT the dose to the
most critical structures can be significantly reduced, reduction of
dose to a specific OAR will consequently result in spreading the dose
to other parts of the body due to the physical properties of photons,
resulting in an increase of the so-called integral dose, which
correlates with the risk of radiation-induced secondary tumors.
Several plan comparison studies have shown that with proton
irradiation the dose to heart and lung can be reduced without
compromising target coverage as compared to external beam photon
irradiation [8–12]. Furthermore with proton irradiation the dose to
the contralateral breast is lower [8,11] than with photons which is
especially relevant in the younger patients. The magnitude of the
benefit of proton irradiation depends on the laterality, patients
anatomy, extensiveness of the target (including loco regional node
irradiation) and total prescribed dose. The superiority of proton
irradiation is more pronounced in targets comprising more extensive
nodal irradiation including the IMN for which with proton irradiation
the volume of the heart receiving 22.5 Gy or more can be reduced by a
factor 20 [12] compared to photon irradiation. In more contemporary
series of photon irradiation the heart dose if treating the IMN is much
lower than in older series with a median mean of around the 2.0 Gy
[13] still 50% of the patients will have a mean heart dose higher than
2 Gy. Although regional node irradiation has proven to reduce breastcancer mortality [14,15] radiation oncologists are reluctant [15] to
include the IMN because of the increased heart dose and expected
increased cardiac toxicity. With proton irradiation adding the IMN to
the irradiation fields will only slightly increases the mean heart dose
from 0.3 (+/−0.3) to 0.4 Gy (+/−0.3) [16] which is still much lower
than in most photon irradiation without IMN.

Organs at risk (OAR)

Although all patient dosimetric benefit from proton irradiation most
patients will have no clinical benefit. Improved treatment delivery
techniques has considerable decreased the dose to the heart and lung
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The last decade, major achievements have been made to reduce the
dose to the most critical structures, including the lung, the heart and
the contralateral breast. With modern radiation delivery techniques,

Fig. 1. Graphic representation of the relation between relative dose and distance in the body. On the Y-axis the relative dose and on the X-axis the depth into the body. In
green the proton dose and in black the photon dose. The heart symbolizes an organ at risk.
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Clinical data

Table 1
Study characteristics of papers published on clinical results.
Publication
year

Follow-up
(months)

2019

Teichman [25]

Liang [26]

Luo* [24]

Treatment

35

42

Pr

2018

78

129 Pr = 72

Pr (APBI) versus
Ph (WB)

B

P 40 Gy/10 fr Ph 50 Gy/
25 fr + 10 Gy/5 fr

NR

2018

NR

23

Pr

B+M

50 Gy/25 fr or 50.4 Gy/28 fr

43% grade 3 skin
reaction.
5% grade 3 skin
reaction.

er
so

#

Number of
patients

Verma [27]

Mutter [28]
Bradley [29]

^

Acute toxicity

Conclusion

M

45 Gy/25 fr + 5.4 Gy/3 fr

No grade 3 skin
reaction.

Excellent locoregional control
rates and favorable toxicity
profile.
Improved overall QoL
compared to standard whole
breast treatment.
Prognostic factors for grade 3
skin reaction.
Acceptable toxicity in the
setting of comprehensive
regional nodal irradiation.
Feasible in patients with
expanders.
Improved target coverage for
the internal mammary
nodes and level 2 axilla
without excessive acute
toxicity.
Well tolerated, with acceptable
rates of skin toxicity.

15.5

91

Pr

B+M

50.4 Gy/28 fr +/− 20 Gy/5 fr

2017

NR

12

Pr

M

50 Gy/25 fr

2016

20

18

Pr +/− combined
with Ph

B+M

50.4 Gy/28 fr +/− 10–16 Gy/
5–8 fr

30

Pr

B+M

45 Gy/25 fr + 5.4 Gy/3 fr

84

98 P = 19

Pr (APBI) versus
Ph (APBI)

B

32 Gy/8 fr BID

2015

2014
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There are no results of randomized controlled trials (RCTs) comparing
proton to photon irradiation in breast cancer patients. At present

there are two RCT’s registered in ClinicalTrials.gov the Radiotherapy
Comparative Effectiveness (RadComp) Consortium Trial (NCT026
03341) with primary endpoint reduction in major cardiovascular
events and the NCT02783690 comparing two fractionation schemes
in proton irradiation. Due to the lack of equipoise, based on the fact
that proton irradiation results in less or no dose to the OAR as
compared to photon irradiation, makes it difficult to run trials
investigating the benefit of proton (dose reduction) for the reduction
of treatment related toxicity.
Although scarce there is some clinical data on the use of proton
irradiation for breast cancer.
In the United States National Cancer Database from 2004 to 2014
there were 871 (0.12%) patients registered as having received proton
irradiation for breast cancer compared to 723,621 patients that
received non proton irradiation [23]. In the proton irradiated patients
58.3% were stage 0–1 which is questionable whether these patients
will benefit most from proton irradiation.
In total 12 studies [24–35] report there clinical outcomes of
which three pairs of studies are ( partially) based on overlapping
patient populations. Table 1 summarizes all the published clinical
data.
In general proton irradiation is feasible and well tolerated except
twice daily accelerated partial breast for which higher rates of late
skin toxicity as compared to photon irradiation.

on
ly

[13]. A substantial part of the breast cancer patients are low risk
patients and will be candidates for no irradiation or partial breast
irradiation either with external beam, intraoperative irradiation or
brachytherapy, which will result in lower dose compared to whole
breast irradiation.
According to older estimates the cost of proton irradiation is around
1.7 to 2.4 times more than that of photon irradiation [17]. In costeffectiveness analyses proton irradiation shows to be cost-effective in
well selected breast cancer patients at increased risk for cardiovascular toxicity [18]. The costs for partial breast proton irradiation
compares favorably to the costs of brachytherapy for accelerated
partial breast irradiation [19].
Accessibility to proton irradiation is increasing but is still scarce.
In 2015 there were worldwide 7563 photon facilities [20] compared
to 48 particle therapy facilities at the end of 2014 [21]. Furthermore
in 2015 only two of the 11 European centers were treating breast
cancer patients [22]. By 2019 an increased number of facilities are
operational of which three facilities in the Netherlands and all three
are treating breast cancer patients.
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8.3% grade 3 skin
reaction.
22% grade 3 skin
reaction.

One grade 3
reconstructive
complication.
No grade 3 skin
reaction.
NR

Bush [32]

#

2014

60

100

Pr (APBI)

B

40 Gy/10 fr

No grade 3 skin
reaction.

Chang [33]

2013

59

30

Pr (APBI)

B

30 Gy/6 fr

MacDonald [34]

2013

6

12

Pr

M

50.4 Gy/28 fr

3% grade 3 skin
reaction.
No grade 3 skin
reaction.

2006

12

20

Pr (APBI)

B

32 Gy/8 fr BID

^

Kozak [35]

, #, ^

22% grade 3 skin
reaction.

Local failure rates of Ph (APBI)
and Pr (APBI) similar. Pr
(APBI) delivered in this
study higher rates of longterm skin toxicities.
Excellent ipsilateral breast
recurrence-free survival
with minimal toxicity.
Excellent disease control and
tolerable skin toxicity.
Postmastectomy Pr irradiation
is feasible and well
tolerated.
Good-to-excellent cosmetic
outcome. Significant acute
skin toxicity.

*
overlapping treatment populations.
Abbreviations: Pr = proton, Ph = photon, NR = not reported, APBI = accelerated partial breast irradiation, Gy = Gray, M = mastectomy, B = breast conserving surgery, fr = fractions, BID = bis in die
(twice daily), QOL = quality of life.
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The model based approach (The Dutch model) [36] can be used to
select patients that most benefit from proton irradiation or even for
selection of patient for other innovative irradiation strategies aiming
at toxicity reduction. The backbone of the model based approach is
models describing the relation between dose volume parameters to
an OAR at risk and the chance to develop the toxicity of interest. This
is the so called normal tissue complication probability (NTCP). NTCP’s
are based on clinical toxicity data, preferably prospectively acquired,
in relation to the dose as delivered to the patient. Changing the dose
to the OAR’s can result in a higher or lower NTCP value in this way the
treatment plan can be optimized to make the chance of toxicity as low
as possible. Based on the models one can quantify whether reducing
the dose to the OAR with proton irradiation translates into an
expected clinical relevant reduction in toxicity. The model-based
approach has been approved by the Dutch health authorities as a
valid methodology to select adult patients for proton irradiation.
Prospective data registration is a prerequisite of this approval in order to
validate the models in proton irradiated patients. Another condition
in order to apply the model based approach is that national tumor site
specific protocols with validated models must be developed.
Thresholds for absolute NTCP differences for clinical relevant endpoints
have been defined based on the severity of the toxicity. The higher the
toxicity severity grade the lower the threshold value for selection.
In the Netherlands the model based approach has been implemented for the selection of breast cancer patient for proton
irradiation. The only validated endpoint is major coronary event
based on the model by Darby et al. [2]. The risk of major coronary
events increases linearly with the mean dose to the heart by 7.4% per
Gy [2]. The individual baseline lifetime risk is based on the national
cardiac statistics and takes into account age, sex and presence or
absence of a cardiac risk factor. The absolute excess risk is calculated
by subtracting the individual risk, based on the mean heart dose in
the photon treatment plan, from the baseline cardiovascular risk (no
irradiation). If the threshold of 2% is reached the patients qualifies for
a plan comparison with proton. Patients with in the plan comparison
a difference in risk for major coronary event equal or larger than 2% in
the advantage of the proton plan are eligible for proton irradiation
treatment reimbursement. In general this will be younger patients or
patients with cardiovascular risk factors in which higher dose to the
heart is expected. This higher dose to the heart can be expected in left
sided breast cancer patients for which loco regional irradiation
including IMN is indicated and or patients with special anatomical
variation like a pectus excavatum.
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Most breast cancer patient will benefit dosimetrically from proton
irradiation. Yet not all patients will have a clinical relevant advantage
of proton irradiation. Because of the limited availability and higher
cost it is important to select the patient that will most probably
benefit from this newer dose reducing technique.
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Estimating the magnitude of clinical benefit from (neo)adjuvant chemotherapy in
patients with ER-positive/HER2-negative breast cancer
Amelia McCartneya, Matteo Benellib and Angelo Di Leoa, *,†
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Luminal

Gene-expression assays were originally validated retrospectively as tools of prognostication, with evidence
emerging from more recent prospectively-conducted studies such as MINDACT and TAILORx supporting their
clinical validity and utility as biomarkers in identifying patients with luminal breast cancer who might be
spared chemotherapy. However, these assays still do not have the ability to identify all patients who may safely
avoid chemotherapy, and may over-estimate the risk of relapse in some cases. Future studies should aim to
prospectively integrate contemporary approaches that assume a theoretical risk of relapse (based on
pathological and/or genomic evaluation of the primary tumour), with new tools that can detect signals of
active micro-metastatic disease. Until current methods of estimating prognosis and predicting benefit from
adjuvant chemotherapy are significantly refined, estimating and improving the true magnitude of benefit
derived from chemotherapy remains a challenge for clinicians.
© 2019 Elsevier Ltd. All rights reserved.
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Estimating the magnitude of the benefit of cancer treatments is a
clinical and socioeconomic challenge, which has recently been
addressed by the release of validated tools designed to assess clinical
benefit of new oncological treatments to assist clinical decision
making [1–3]. For clinicians treating patients with early-stage breast
cancer, when recommending for or against (neo)adjuvant chemotherapy, the perceived potential benefit of chemotherapy is quantified
by the perceived risk of distant relapse, plus the efficacy and activity
of the treatment proposed. Questions associated with prediction
revolve around recognising which early breast cancers are most
chemo-sensitive and therefore most likely to respond to cytotoxic
therapy. The issue of prognosis hinges on identifying those patients at
the greatest risk of relapse. Assumptions of “risk” in the context of
hormone receptor-positive (HR+), human epidermal growth factor
receptor-2 (HER2) negative early breast cancer is drawn from
twentieth-century data [4,5], which suggests a significant proportion
of patients with early-stage disease are cured by surgery, radiotherapy
+/− endocrine therapy alone. Conversely, in luminal breast cancer,
the risk of relapse is known to persist decades after curative therapies
are complete [6]. Concern over the potential for distant disease
relapse may lead to a defensive bias towards over-treatment, and the
actual risk of relapse may itself be over-estimated.
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Tel.: +3905 7480 2520; fax: +3905 7480 2903.
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Prognosis: identifying patients at the highest risk of relapse
Clinicopathological features, such as hormone receptor expression,
HER2 status, Ki67, tumour size and grade and nodal involvement
are instrumental in instructing clinicians as to the likelihood of
metastatic potential in the setting of early disease. Genomic analysis
of the primary tumour can produce a predictive recurrence score,
which may still over-estimate the risk of recurrence. For example, in
a retrospective analysis of patients participating in the NSABP B20
trial for ER+, node-negative early breast cancer, 60.5% of those who
were defined as being at high risk of recurrence by the 21-gene
recurrence score assay Oncotype DX (Genomic Health), who only
received endocrine therapy, were alive after ten years of follow up [7].
In a similar retrospective analysis of the node-positive, ER+ early
breast cancer cohort derived from SWOG S8814, 43% of those with
estimated high risk of recurrence estimated by Oncotype remained
event-free at ten years, despite not receiving chemotherapy [8]. In the
context of the 70-gene signature MammaPrint (Agendia), in the 1806
patients enrolled in the MINDACT study who were identified as
being at both high genomic and clinical risk of relapse, the rate of
survival without distant metastasis at five years was 90.6% [9]. The
majority (94.5%) of these patients received chemotherapy as per
the recommendations of the trial protocol, yet the eventual relatively
high rate of freedom from distant relapse is not likely to be
attributable to chemotherapy alone. Almost 62% in this group had
endocrine receptor-positive disease, 39.6% were aged less than 50
(therefore representative of a significant pre- or peri-menopausal
population) and 19% were HER2-positive. The additive benefit
derived from adjuvant endocrine and/or anti-HER2 therapy ( plus
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Searching the periphery for a signal of residual micro-metastatic
disease
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Currently, the estimation of risk of disease relapse is, in part, based on
the assumption that micro-metastases are present or absent following surgical excision of primary disease. Many current studies focus
on the detection of micro-metastatic disease, an approach that
searches for tangible proof of the existence of micro-metastatic
disease, rather than relying on assumptions made according to the
characteristics of the primary tumour. Detection of circulating
tumour cells (CTCs) and/or circulating tumour DNA (ctDNA) are two
non-invasive methods of collecting peripheral evidence of residual
malignant disease following primary resection. One large prospective
study demonstrated that in 2026 patients with early breast cancer
prospectively assessed for CTCs prior to adjuvant chemotherapy,
21.5% of those had ≥1 CTC by CellSearch (Menarini-Silicon Biosystems
Inc.), and 22.1% following completion of chemotherapy [10]. Presence
of CTCs were found to be an independent prognostic marker for
disease-free survival (DFS) and overall survival (OS). Furthermore,
poor DFS and OS were correlated with higher concentrations of CTCs.
However, only 3.1% of patients with a positive CTC presence had ≥5
CTCs, which is the cut-off used to define CTC positivity by many
studies in advanced disease [11]. As such, although prognosis was
found to be worst in patients with ≥5 CTCs (disease-free survival
HR = 4.51, 95% CI 2.59–7.86; overall survival HR = 3.60, 95% CI 1.56–
8.45), CTC detection is of limited utility as it appears to only discover a
small minority of patients at risk.
In a small prospective trial of breast cancer patients receiving
neoadjuvant chemotherapy (N = 55), the presence of ctDNA in plasma
after completion of chemotherapy and surgery was shown to be
predictive of metastatic relapse [12], with the presence of ctDNA
believed to be a surrogate marker of the presence of minimal residual
disease. Similar findings were reported by another group who
combined low-coverage whole-genome sequencing of primary
tumours and quantification of tumour-specific rearrangements in
plasma by droplet digital PCR in a retrospective study of 20 patients
with primary early breast cancer [13]. Post-surgical ctDNA monitoring accurately distinguished between patients with and without
subsequent clinically-detected recurrence. Clinical detection of
metastatic disease was preceded by ctDNA detection in 86% of
patients, with an average lead-time of almost one year. However, the
widespread use of ctDNA to detect early or micrometastatic disease
may be limited due to low-to-undetectable levels of ctDNA coexisting
with low tumour burden states [14], and the currently available
methods of detection remain problematic. Many studies have
approached ctDNA detection by entirely sequencing the primary
tumour, searching for tumour-specific mutations, then customising
probes for those specific mutations to be identified in sequential
plasma samples. Whilst this represents a sophisticated, highlypersonalised method of detection, it is time-consuming and prohibitively expensive. A more feasible, albeit less personalised strategy may
be to employ panels of gene mutations known to occur at high
frequency.

Its role in cancer initiation, progression and resistance to targeted
therapies has been extensively investigated. While the pathogenic
role of DNAm is not completely clear, DNAm-based biomarkers offer
great promise for monitoring disease in different tumour types,
including breast cancer [16].
Compared to widely-used liquid biopsy tests based on the analysis
of DNA (mutations and/or copy number alterations), DNAm offers
additional attractive features. DNAm alterations generally reflect
dysregulated gene expression patterns, and therefore could be
considered as surrogate of gene expression signatures. Notable
examples of this include the association between specific DNAm
alterations with PAM50 molecular subtypes [17,18]. In addition,
DNAm alterations are markedly shared within breast cancer tumours.
“PAMES” (“purity assessment from clonal methylation sites”) is a
computational strategy that uses the DNAm level of only twenty
highly clonal, tumour-type specific CpG sites in order to estimate the
purity of tumour samples, without any need of a matched nonmalignant control [19]. This work assessed the frequencies of the
most recurrent genomic alterations for both single nucleotide
variants and somatic copy number alterations, with DNA methylation
alterations found to be markedly more prevalent than genomic
alterations across different tumour types, including breast cancer. In
the future, PAMES may have potential be used as a tool to detect
residual disease in patients with early-stage disease, with further
definition and assessment of its performance in plasma by intrinsic
breast cancer subtypes to come.
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the possible effect of secondary ovarian function suppression from
chemotherapy in pre-menopausal patients) cannot be discounted in
estimating the magnitude of benefit from chemotherapy alone in this
high-risk cohort.
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Metabolomics is the study of all resultant metabolites of physiological
and pathological processes. In the setting of malignancy, altered
cellular processes occur with ensuing distinguishing metabolic endproducts when compared to normal cellular metabolism. As such,
this allows for discrimination between malignant and normal cells.
The ability to do so has been previously demonstrated, with distinct
metabolomic profiles being shown in patients with breast cancer,
compared to healthy subjects [20], and different metabolomic
profiles have been observed in patients with early breast cancer,
compared to advanced breast cancer [21,22]. Metabolomics studies
the downstream, end-products of the metabolic processes involved
in the host’s response to cancer, as well as the effect that the cancer
exerts on the host and surrounding microenvironment. As such, a
metabolomic signature can reflect phenotypic and biological changes
that would not otherwise be detected by analysis of gene or protein
expression of a tumour alone.

DNA-methylation
The feasibility of liquid biopsy based on the analysis of molecular
information other than DNA, such as DNA-methylation (DNAm), has
not yet been thoroughly studied. DNAm is a key player in gene
regulation, and one of the most studied epigenetic mechanisms [15].

Metabolomic signatures as prognostic markers
A retrospective analysis of serum collected from women with
predominantly ER-negative early breast cancer demonstrated the
ability of metabolomic signatures to differentiate between patients
with early disease and a control metastatic group with 84% accuracy.
Furthermore, there was a positive, predictive correlation in early
breast cancer patients between clinical relapse and a “metastatic”
misclassification according to metabolomic profile – suggesting that
this misclassification was reflective of the presence of occult micrometastatic disease [23]. Another retrospective study conducted in an
ER+ early breast cancer cohort similarly showed that serum
metabolomic profiles accurately identified patients at risk of
disease recurrence [24]. Archived samples from women with
predominantly high clinical risk factors for relapse were analysed
for metabolomic signatures, and then subsequently correlated to
clinical relapse. The metabolomic recurrence risk score positively
correlated with clinical relapse, with accuracy maximised at 71.3%
(sensitivity 70.8%, specificity 71.4%), with this model performing
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25, randomised 6711 pre- and post-menopausal women with ER+/
HER2-negative, node negative early breast cancer to receive adjuvant
endocrine therapy alone, versus chemotherapy followed by endocrine therapy [26]. The study was designed to show non-inferiority of
endocrine therapy alone for invasive disease-free survival (IDFS) as
the primary endpoint. Critically, this endpoint was defined as
freedom from invasive disease recurrence, second primary cancer,
or death from any cause. After a median follow up of 90 months,
investigators reported endocrine therapy to be non-inferior with a
hazard ratio for invasive disease recurrence of 1.08 (95% CI, 0.94–1.24,
p = 0.26). Both treatment arms were shown to have similar rates
of IDFS (83.3% for the endocrine monotherapy group, and 84.3% in
the chemoendocrine therapy group. When the type of IDFS event is
considered, the potential value of adjuvant chemotherapy in
preventing the reported events becomes somewhat tenuous. Of the
total number of reported IDFS events (N = 836), 60% of those were
contralateral breast cancers, a second primary cancer or death
without recurrence: all events that ultimately, are not preventable
by adjuvant chemotherapy (Figure 1). Conversely, only 24% of all
reported IDFS events may have had potential to be prevented by
chemotherapy (distant recurrence +/− ipsilateral breast or other
locoregional recurrence). Isolated ipsilateral recurrence (8%) and
locoregional recurrence with or without ipsilateral recurrence (8%)
may be modestly preventable by chemotherapy, but does not
represent the primary intent of adjuvant cytotoxic therapy. An
exploratory analysis focusing solely on recurrence at a distant site
appeared to support the non-inferiority of endocrine therapy alone
(HR for recurrence, 1.10, 95% CI 0.85–1.41, p = 0.48) – however, this
analysis was based on only 199 events. As such, the necessary
statistical power required to formally and definitively conclude on the
question of non-inferiority in this group is arguably lacking.
Unplanned subgroup analyses conducted in TAILORx revealed
some evidence that there was some perceived benefit from the
addition of chemotherapy in relation to increasing recurrence score
in pre-menopausal women falling within the RS 11-25 group. Whilst
there was no apparent benefit in those with a score from 11–15
( p = 0.49), benefit in favour of chemoendocrine therapy emerged for
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independently of other clinicopathological factors including patient
age, tumour size, grade, HER2 and nodal status. The next step is to
integrate standard clinicopathological and genomic markers with
tools capable of detecting signals of residual micro-metastatic disease
into prospective trials.
An attempt to integrate metabolomic and transcriptomic data to
improve outcome stratification in ER+/HER2-negative early breast
cancer is pursued in the cohort study, “Combining metabolomics
with a 21-gene assay analysis (Oncotype DX) in early breast cancer as
a potential improved biomarker of prognosis: the MOD study,” which
has recently opened to accrual in Italy. Women with luminal B-like
(identified by immunohistochemistry, later confirmed by transcriptomics) early breast cancer will have serum samples collected
after surgical resection of primary disease. Adjuvant therapy
(chemotherapy, radiotherapy, endocrine therapy) will be determined
by physician choice, according to best local practice. Sera will be
archived and analysed retrospectively at a later date via nuclear
magnetic resonance (NMR) spectroscopy to produce a metabolomic
risk score, whilst the archived primary tumour will be analysed by
the 21-gene recurrence risk score tool, Oncotype DX. Therefore, these
results will not be utilised to influence clinical decision-making
regarding the choice of adjuvant therapies. Patients will be followed
for clinical outcome to detect any relapses. This study hypothesises
that the metabolomic risk score will have the ability to further substratify risk within genomic recurrence score (RS) classifications. In
each Oncotype classification (“low” RS <11; “intermediate” RS 11-25;
“high” RS ≥26), patients who are identified at a “high” risk of relapse
according to metabolomic analysis are hypothesised to be more likely
to relapse than patients at “low” metabolomic risk, despite falling in
same Oncotype RS category. Preliminary data as a proof of concept to
this design have recently been published [25].
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TAILORx, the landmark prospective trial designed specifically to
guide decisions regarding chemotherapy in patients with an
Oncotype-determined “intermediate” RS occurring between 11 and

Fig. 1. Type of first invasive disease-free survival event for the randomised TAILORx cohort with an Oncotype recurrence score 11–25, and likelihood of associated chemotherapy benefit.
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women with a risk score of 16–20 (HR endocrine therapy vs
chemoendocrine therapy = 1.76, 95% CI 1.20–2.59, p = 0.0034), and
moreover again for those with a score between 21–25 (HR 1.50, 95% CI
0.93–2.42, p = 0.094). These results have led to some clinicians
recommending considering chemotherapy plus endocrine therapy in
pre-menopausal women with upper-intermediate Oncotype results.
However, these recommendations must be made with caution: this
subgroup analysis was unplanned and exploratory. Further to this,
much of the benefit attributed to chemotherapy in this analysis
may be more correctly ascribed to the secondary ovarian function
suppression (OFS) produced by the chemotherapy, rather than the
chemotherapy itself. No iatrogenic amenorrhoea data were collected
as a part of the study, therefore it is not possible to conjecture regarding
the extent that OFS as an issue potentially confounded these
analyses. Of the women allocated to endocrine therapy alone, only
15% received OFS in addition to an aromatase inhibitor – now arguably
the gold-standard of care for pre-menopausal women with early
hormone receptor-positive breast cancer at intermediate or high risk of
relapse, as established by the SOFT/TEXT studies [27]. Potentially,
the benefit of endocrine therapy may have proven greater in the
endocrine monotherapy arm of TAILORx, had dual ovarian function
suppression plus aromatase inhibitors been the protocol-mandated
treatment.
An exploratory re-analysis was recently conducted of the NSABP B20 study, which was originally utilised to test the strength of
Oncotype DX in predicting benefit from chemotherapy in nodenegative disease [7]. In the original analysis of this study, patients
with HER2-positive disease were included – but as HER2 comprises a
part of the Oncotype recurrence score algorithm, the presence of
these patients may have contributed higher recurrence scores to the
original study. As such, this new analysis excluded those potentially
confounding patients on trial who were subsequently identified by
investigators as having HER2-positive disease via RT-PCR [28]. No
evidence of benefit from chemotherapy was found in patients with a
recurrence score of 11–25 (n = 176; probability of remaining free of
distant recurrence at 10 years, 95% for chemoendocrine arm, 98% for
tamoxifen alone; p = 0.46). These results, taken with those of the
overall TAILORx 11-25 RS group, would suggest that on average, only a
modest benefit – if any – can be gained from adjuvant chemotherapy
in the RS 11-25 population. However, the utilisation of IDFS as a study
primary endpoint – which includes occurrence of new malignancies
of any type in its definition – poses issues with interpretation, as 35%
of relevant reported events in TAILORx consisted of second nonbreast cancers [29]. Furthermore, the question of the potential benefit
of chemotherapy in pre-menopausal women with an 11-25 RS would
be best addressed by a prospective head-to-head comparison
between endocrine therapy (consisting of OFS plus an aromatase
inhibitor) versus chemotherapy followed by endocrine therapy. In the
interim, in view of data that continues to report from the SOFT/TEXT
trials, OFS in addition to endocrine therapy may be considered a
reasonable approach in this population in lieu of chemotherapy.
TAILORx has given some reassurance that in most cases, endocrine
therapy alone is sufficient in patients with node-negative disease and
a 11-25 RS. However, our ongoing inability to sub-stratify within this
group means that prognostic factors, such as clinicopathological
features and patient age, as well as the individual expectations and
wishes of each patient, should continue to be especially considered in
cases of clinical uncertainty.
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breast cancer

Updated results from the Suppression of Ovarian Function Trial (SOFT) and Tamoxifen and Exemestane Trial
(TEXT) have helped to identify differential value of various adjuvant endocrine therapy strategies in high-risk
and low-risk premenopausal early breast cancer. With a median follow-up of 8 years in SOFT, there is now a
significant improvement in disease-free survival (DFS) for those assigned to receive 5 years of tamoxifen plus
ovarian function suppression (T + OFS) as compared with tamoxifen (T). Further improvement in DFS was
observed for those assigned exemestane plus OFS (E + OFS). While the relative treatment effect from the addition
of OFS to tamoxifen in the no chemotherapy and prior chemotherapy cohorts in SOFT was similar, larger absolute
improvement in DFS was observed with endocrine therapy escalation in the premenopausal cohort who had
received chemotherapy. Despite some improvement in DFS in the lower risk no-chemotherapy cohort, the 8year results for that cohort continue to show a low risk of distant metastases with the use of adjuvant tamoxifen
as sole systemic therapy. A small overall survival advantage from the addition of OFS to tamoxifen has now
emerged in SOFT, which appears more clinically meaningful in the prior chemotherapy cohort.
In the joint analysis of SOFT and TEXT, there is currently no overall survival improvement at 8 years for those
assigned E + OFS versus T + OFS, despite a significant reduction in distance recurrences with E + OFS. Assessing
absolute improvements in freedom from distant recurrence observed with the different endocrine strategies
across the risk spectrum of patients with HER2-negative tumours in SOFT and TEXT, may assist decision-making
for premenopausal patients.
© 2019 Elsevier Ltd. All rights reserved.
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Twenty years ago, adjuvant endocrine therapy with tamoxifen for 5
years became a standard recommended treatment for premenopausal women with oestrogen receptor (ER) positive early breast
cancer [1–4]. Tamoxifen was shown to be effective regardless of
whether adjuvant chemotherapy was administered. When the Early
Breast Cancer Trialists’ Collaborative Group (EBCTCG) reported the
15-year outcomes of the trials comparing 5 years of adjuvant
tamoxifen with no tamoxifen, an increasing absolute improvement
in overall survival was evident in women with ER-positive tumours,
in the decade after the 5-year adjuvant tamoxifen treatment period
[5]. For women under age 45 at randomization, 5 years of adjuvant
tamoxifen resulted in approximately a one-third reduction in breast
cancer mortality through 15 years.
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The randomized Suppression of Ovarian Function Trial (SOFT)
assessed the value of adding ovarian function suppression (OFS) to
adjuvant tamoxifen for 5 years in premenopausal women with
hormone receptor-positive early breast cancer. SOFT also assessed the
value an aromatase inhibitor exemestane combined with ovarian
function suppression for 5 years [6]. The use of chemotherapy prior
to enrolment in SOFT was optional, as decided by the doctor and
patient, with women who had received prior chemotherapy required
to have a premenopausal oestradiol (E2) level within 8 months of
chemotherapy completion. These trial design features led to the
chemotherapy cohort in SOFT having higher-risk tumour pathologic
features than the no chemotherapy cohort, in addition to a younger
median age of 40 years, consistent with residual ovarian function
after chemotherapy [7]. The median age of women in the no
chemotherapy cohort in SOFT was 46 years, an age group that
would frequently undergo a natural decline in ovarian function
associated with menopause, during the 5-year trial adjuvant
endocrine treatment period.
The randomized Tamoxifen and Exemestane Trial (TEXT) assessed
the value of exemestane combined with ovarian function suppression
for 5 years versus tamoxifen plus ovarian suppression. All patients in
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suppression continues to significantly improve disease-free survival
at 8 years, as compared with tamoxifen plus ovarian suppression [12].
While there is also a significant reduction in distant recurrences
(P = 0.02) with exemestane plus ovarian suppression as compared
with tamoxifen plus ovarian suppression, there is no significant
difference in overall survival at 8 years. Among patients assigned
exemestane plus ovarian suppression in TEXT, 95.1% in the no
chemotherapy cohort remain free from invasive breast cancer and
97.1% remain free from distant recurrence at 8 years, despite
approximately 20% in this cohort with pN1 disease.
Women were enrolled in SOFT and TEXT between 2003–2011 and
for the approximately 12% with HER2-positive disease, the use of
adjuvant HER2-targeted therapy was not standard during the initial
years, differing from contemporary practice. Premenopausal women
in SOFT with HER2-positive cancers appear to derive a relatively
greater benefit from the addition of ovarian function suppression to
tamoxifen than those with HER2-negative cancers [12]. However,
while ovarian function suppression appears advantageous, the
optimal oral endocrine therapy for premenopausal women with
hormone receptor-positive, HER2-positive tumours is currently
unclear from these trials.
Given the change in use of HER2 targeted therapy during the
enrolment period, some additional analyses have focused on outcomes for the majority with HER2-negative tumours enrolled in the
trials. Women who received chemotherapy for HER2-negative
tumours and were assigned exemestane plus ovarian suppression,
were found to have absolute improvements of 7% and 5% in 8-year
rates of freedom from distant recurrence in SOFT and TEXT
respectively, as compared with those assigned tamoxifen plus
ovarian suppression. In both trials, at 8 years there are small absolute
improvements in overall survival observed in the cohorts who
received chemotherapy for HER2-negative breast cancer and were
assigned to receive more intensive adjuvant endocrine therapy. The
8-year overall survival rates for women who received chemotherapy
for HER2-negative tumours in SOFT was 85.2% with tamoxifen, 87.7%
with tamoxifen plus ovarian suppression, and 88.7% with exemestane
plus ovarian suppression. The 8-year overall survival rates for women
who received chemotherapy for HER2-negative tumours in TEXT was
89.8% for those assigned tamoxifen plus ovarian suppression and
91.7% with exemestane plus ovarian suppression. Longer follow-up is
required to further assess survival in these trials.
In the SOFT and TEXT trials, doctors and patients decided whether
(neo)adjuvant chemotherapy was indicated based on perceived risk
of recurrence. In current routine practice, there are several adjuvant
endocrine therapy options that can now be considered when
initiating adjuvant endocrine therapy in an individual premenopausal patient, including tamoxifen, tamoxifen plus ovarian suppression,
or an aromatase inhibitor plus ovarian suppression. In trying to better
inform individualized selection from the different adjuvant endocrine therapy options, further investigation was undertaken in SOFT
and TEXT patients with HER2-negative tumours, to characterize
absolute treatment effect across a continuum of recurrence risk [13].
Clinical-pathological variables studied were age (by 5-year cohorts),
tumour size (≤2 cm, >2 cm), nodal status (N0, 1–3 nodes, ≥4 nodes)
and centrally assessed tumour ER (<50%, ≥50% cells staining),
progesterone receptor (PR <20%, 20–49%, ≥50% cells staining), grade
(1, 2, 3) and Ki67 (<14%, 14–19%, 20–25%, ≥26%). These are the same
factors that in combination may be considered in a multidisciplinary
meeting or clinic for adjuvant systemic therapy decision-making,
with the exception of Ki67 that may not be routinely assessed. These
clinical-pathologic factors, when combined for an individual patient,
can result in a higher (or lower) composite risk of recurrence
(Table 1).
Given the low rates of distant recurrence at 8 years with tamoxifen
alone in the SOFT no chemotherapy cohort, it is worthwhile to
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TEXT were planned for 5 years of ovarian function suppression, that
was to be initiated by 4-weekly gonadotropin releasing hormone
(GnRH) agonist injections with triptorelin from the time of
randomization. Chemotherapy in TEXT was also optional, as
decided by the doctor and patient. By contrast with the SOFT trial,
if chemotherapy was delivered for patients enrolled in TEXT, it was
administered concurrent with triptorelin, prior to commencement of
the assigned oral endocrine therapy [6]. Of note, approximately 20%
of patients in the no chemotherapy cohort in TEXT had 1–3 positive
lymph nodes ( pN1), suggesting that some clinicians considered
ovarian suppression a reasonable alternative to adjuvant chemotherapy, in selected patients with pN1 breast cancer that appeared
endocrine responsive [8]. Both the TEXT and SOFT trials were
stratified according to receipt of chemotherapy.
The initial results from SOFT and TEXT reported 5-year outcomes.
At that stage of follow-up, the overall randomized SOFT trial
population did not derive a significant improvement in disease-free
survival from the addition of ovarian function suppression to
tamoxifen [7]. However, in the prior chemotherapy cohort in SOFT
there was an improvement in disease-free survival from the addition
of ovarian function suppression to tamoxifen, and further improvement was seen with the use of exemestane with ovarian suppression.
The joint analysis of SOFT and TEXT found a significant improvement
in disease-free survival with the use of exemestane plus ovarian
function suppression, as compared with tamoxifen plus ovarian
suppression [8]. Following the initial trial results from SOFT and TEXT,
several guidelines subsequently endorsed the role of ovarian function
suppression in combination with either tamoxifen or an aromatase
inhibitor, for adjuvant endocrine therapy in premenopausal women
with higher risk ER-positive breast cancer, with the use of tamoxifen
alone appropriate for low-risk disease [9–11].
Updated results from SOFT and TEXT reported 8-year outcomes,
that are still not considered fully mature from the perspective of
overall survival in premenopausal ER-positive early breast cancer. The
SOFT trial now shows an overall significant improvement in diseasefree survival at 8 years from the addition of ovarian suppression to
tamoxifen (HR = 0.76; 95% CI, 0.62–0.93; P = 0.009) [12]. While the
relative effect of adding ovarian suppression to tamoxifen was similar
in the no chemotherapy and the prior chemotherapy cohorts in SOFT,
the absolute improvement in disease-free survival was greater in the
chemotherapy cohort, that had a higher absolute risk of breast cancer
recurrence. Further improvement in disease-free survival over
tamoxifen was seen in SOFT with exemestane plus ovarian suppression (HR = 0.65; 95% CI, 0.53–0.81). In the chemotherapy cohort in
SOFT, women assigned exemestane plus ovarian suppression had an
absolute improvement in 8-year disease-free survival of 9%, as
compared with those assigned tamoxifen.
Overall survival differences have now emerged in SOFT, with a
small but significant improvement in overall survival from the
addition of ovarian suppression to tamoxifen, as compared with
tamoxifen alone [12]. The 8-year improvement in overall survival
with the use of ovarian suppression appears clinically meaningful in
the SOFT chemotherapy cohort. For the no chemotherapy cohort in
SOFT, there remains a low risk of distant recurrence and death at 8
years for those assigned tamoxifen alone. The overall survival for
those who received no chemotherapy in SOFT and were assigned
tamoxifen alone is 98.8% at 8 years. This cohort was predominantly
comprised of women aged 40 years or older at study entry (median
age 46), with pathologic stage pT1N0 cancers of low to intermediate
grade that were progesterone receptor-positive. In the SOFT chemotherapy cohort, the overall survival for those assigned tamoxifen was
85.1% at 8 years and 89.4% for those assigned tamoxifen plus ovarian
suppression (HR = 0.59; 95% CI, 0.42–0.84) [12].
In the updated results from the joint analysis of SOFT and TEXT, the
combination of the aromatase inhibitor exemestane plus ovarian
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identify premenopausal women with breast cancers that have a low
composite risk of distant recurrence in order to avoid endocrine overtreatment. For example, a premenopausal woman of at least 40 years
of age with a pathologic stage pT1N0, grade 1 HER2-megative breast
cancer with both ER and PR staining in at least 50% of cells and low
Ki67 <14% has a very low composite risk of distant recurrence at 8
years with tamoxifen alone [14]. By contrast, a younger woman less
than age 40 with a pathologic stage pT2N1, grade 2–3 HER2-negative
cancer, with ER present in ≥50% cells but PR staining in <50% cells and
Ki67 ≥20% would have a high composite risk of distant recurrence at 8
years in the SOFT and TEXT trials [14].
The composite risk analyses from SOFT and TEXT indicate that
those premenopausal women with hormone receptor-positive HER2negative cancers who have a very high risk of recurrence, derive
larger absolute benefits in terms of the 8-year rates of freedom from
distant recurrence, through escalation of endocrine therapy to
aromatase inhibitor exemestane combined with ovarian suppression
[14]. For premenopausal women at intermediate risk of recurrence, a
balanced discussion of the more modest benefits and the toxicities
from escalating adjuvant endocrine therapy is appropriate. For
premenopausal women with a hormone receptor-positive HER2negative breast cancer at low risk of recurrence, minimal reduction in
the rate of distant recurrence is achieved at 8 years from escalation of
adjuvant endocrine therapy beyond tamoxifen alone.
Determining the optimal duration of adjuvant endocrine therapy for
individual premenopausal women diagnosed with hormone receptorpositive early breast cancer remains challenging. Fertility and childbearing may be relevant considerations influencing decisions in this
age group, particularly given the tendency for older age of first
pregnancy in developed countries. Given that increasing age is a risk
factor for loss of fertility, women diagnosed with early breast cancer
who have not completed child-bearing, should be offered a fertility
consultation even if they will not receive chemotherapy, prior to
embarking on several years of adjuvant endocrine therapy [15,16].
Of note, a current non-randomized international clinical trial called
POSITIVE is studying pregnancy outcome and the safety of interrupting adjuvant endocrine therapy to allow pregnancy attempt in
premenopausal women with endocrine responsive breast cancer.
While 5 years of adjuvant tamoxifen provides greater benefit than
1 or 2 years, shorter durations of tamoxifen may still impact breast
cancer mortality. Long-term follow-up data was obtained from the
Swedish death registry for those enrolled in SBII:2pre trial that
randomized premenopausal women with stage II breast cancer to
tamoxifen for 2 years versus no systemic therapy. At 25-years, an
absolute reduction in cumulative breast cancer mortality of 12.0%
(HR, 0.73; 95% CI, 0.53 to 0.99; P = 0.046) was observed among those
with ER-positive cancers assigned tamoxifen [17]. The beneficial
effect of tamoxifen on breast cancer mortality was more evident in
the premenopausal patients with ER-positive tumours who were
younger than 40 years of age (HR = 0.37; 95% CI, 0.17 to 0.82) than
those age 40 years or older at enrolment (HR = 0.87; 95% CI, 0.61 to
1.22; interaction P = 0.044). This type of information (i.e. some
tamoxifen is better than none) may be relevant for premenopausal
women who decline or are not recommended to receive adjuvant
chemotherapy, and/or who consider 5 years of adjuvant endocrine

on
ly

Lymph node involvement (especially 4 or more involved nodes)
Younger premenopausal age (especially age <35 years)
Higher tumour grade
Larger tumour size (T)
Progesterone Receptor (PR) staining absent or present in a minority of tumour cells
High Ki67 proliferation index
Oestrogen Receptor (ER) staining in less than half of tumour cells

therapy unacceptable for a variety of reasons, including side effects or
desire for pregnancy. However, in the case of pregnancy, tamoxifen
can be recommenced after completion of pregnancy +/− lactation,
provided a further pregnancy is not planned in the short term.
The randomized ATLAS trial found that extending the duration of
adjuvant tamoxifen hormonal therapy to 10 years in women who
had already completed 5 years of tamoxifen, significantly reduced
breast cancer recurrence, breast cancer mortality and overall
mortality (P = 0.01) [18]. This extended duration of tamoxifen
resulted in an absolute reduction in breast cancer mortality of 2.8%
at 15 years (10 years from study entry). The majority of women
enrolled in ATLAS were postmenopausal, with only approximately
10% considered premenopausal at randomization, however the
relative effect of extending tamoxifen appeared similar for this
subgroup. Extending adjuvant tamoxifen results in increased risks of
pulmonary embolism and endometrial cancer, although the risk of
endometrial cancer with only 5 years of tamoxifen is not significantly
increased in women who are under age 45 when randomized [5],
so the absolute risk of endometrial cancer may depend upon the
menopausal status of the women receiving the tamoxifen. Of note,
the strategy of extending adjuvant tamoxifen to 10 years in the ATLAS
trial does not appear to result in improvement in breast cancer
mortality until after the completion of the 10 years of therapy.
For women who were premenopausal at diagnosis and have been
receiving adjuvant tamoxifen and become definitively postmenopausal, a switch to extended adjuvant therapy with an aromatase
inhibitor, instead of ceasing tamoxifen at the 5-year mark, is also an
evidence-based strategy that was tested in the MA.17 trial [19]. In the
MA.17 trial, there was improved distant disease-free survival (DDFS)
at 4 years from randomization among the subgroup who were
premenopausal at diagnosis, and who were assigned extended
adjuvant therapy with letrozole. Improved DDFS at 4 years was
observed among the initially premenopausal subgroup with both
lymph node-negative (absolute difference of 4.4%) and node-positive
disease (absolute difference 5.0%) in the extended letrozole therapy
arm as compared with no extended therapy arm. It can be difficult to
ascertain postmenopausal status in women receiving adjuvant
tamoxifen, due to tamoxifen artificially lowering FSH/LH levels,
potentially into the premenopausal range in postmenopausal
women. A period of time off tamoxifen, to re-check hormone levels
may help to clarify in this instance, before commencing extended
adjuvant endocrine therapy.
There is a significant risk of late recurrence including development
of distant metastases in women diagnosed with hormone receptorpositive early breast cancer. Baseline clinical and pathologic factors
that increase these risks after 5 years of adjuvant endocrine therapy,
include increased tumour size (T) and nodal (N) status (anatomic
stage), higher tumour grade and very young age (<35 years) at
diagnosis [20]. Consideration of these baseline factors is relevant
when considering the risk of late recurrence and the potential benefit
of extending adjuvant endocrine therapy. Other important considerations include toxicity and tolerance of adjuvant endocrine
therapy and patient preferences. Given the risk of late distant
recurrence in women who are very young at time of breast cancer
diagnosis, clinicians may consider the use of extended adjuvant
hormonal therapy with tamoxifen following completion of 5 years of
ovarian suppression plus oral endocrine therapy, although no
randomized trial has been conducted to demonstrate the efficacy of
this specific approach. Adjuvant endocrine therapy in SOFT and TEXT
was planned for 5 years and the protocols did not address the issue of
extended adjuvant endocrine therapy beyond five years. Thus far
there is no trial data to support extending the use of adjuvant ovarian
function suppression by GnRH agonist for more than 5 years,
although 18% of patients in SOFT who were assigned ovarian function
suppression, opted to undergo permanent ovarian ablation at some
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Baseline clinical-pathologic factors that contribute to composite risk of recurrence.
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point during adjuvant therapy, predominantly by means of bilateral
oophorectomy [12]. When considering the possibility of extended
adjuvant ovarian function suppression by permanent means such as
bilateral oophorectomy, it is important to be aware that in a nonbreast cancer context, premenopausal bilateral oophorectomy
without oestrogen replacement is associated with a number of
adverse health effects, including adverse effects on mortality [21–
23]. Therefore, the potential benefit of reducing the risk of breast
cancer recurrence and the potential harms of such an approach,
should be carefully considered in women who are more than 5 years
younger than the usual age range of natural menopause. If a
premenopausal woman underwent ovarian function suppression by
bilateral oophorectomy, and received oral endocrine therapy with an
aromatase inhibitor during the first 5 years, then as in the case of
postmenopausal women, there might be a small additional benefit to
extended therapy with an aromatase inhibitor beyond five years. The
currently available data on extending aromatase inhibitor therapy
beyond 5 years in postmenopausal women who have already
received 5 years of an adjuvant aromatase inhibitor suggest that
the reduction in recurrences may relate more to the reduction in
contralateral/local events than the reduction in distant recurrences. It
is possible that this balance might be different in women with very
high-risk breast cancer presentations and a planned EBCTCG metaanalysis [24] publication may help to clarify this.
Selecting the optimal type and duration of adjuvant endocrine
therapy for an individual premenopausal woman remains challenging but understanding the available data and considering risk
stratification in addition to patient preferences can assist with this
process.
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Adjuvant endocrine therapy in postmenopausal women: making treatment choices
based on the magnitude of benefit
Harold J. Burstein, MD, PhD*,†
Dana-Farber Cancer Institute, Brigham & Women’s Hospital, Harvard Medical School, Boston, Massachusetts USA

A B S T R A C T

breast cancer

Hormone-receptor positive, HER2 negative breast cancers account for the vast majority of early stage breast
cancers, particularly in postmenopausal women. Adjuvant endocrine therapy is an essential component of
multimodality therapy for such cancers, lowering the risk of local-regional and of metastatic recurrence,
improving overall survival, and enabling “less” in the way of breast or axillary surgery and radiation therapy for
many women. In the past decade, advances in adjuvant endocrine therapy in postmenopausal women include
widespread use of aromatase inhibitors instead of or in sequence with tamoxifen, and use of extended durations
of endocrine treatment beyond the classical “5 years” of recommended therapy. However, the judicious use of
these treatments to optimize outcomes depends on considering features of the tumor stage and biology and
careful attention to and management of symptoms related to these treatments.
© 2019 Elsevier Ltd. All rights reserved.

se

K E Y W O R D S

adjuvant
postmenopausal
estrogen receptor positive

lu

tamoxifen
aromatase inhibitor

na

extended duration

Fo

rp

er
so

Hormone-receptor (estrogen-receptor [ER+] and/or progesterone
receptor [PR+]) positive, HER2 negative breast cancers represent the
most common form of breast cancer, accounting for three-quarters of
all breast cancer cases in the US and countries with widespread
screening programs for early breast cancer detection. Because of
recommendations for breast cancer screening for women age 50 to
70 in most countries (40 to 70+ in the US), and a median age at
diagnosis of between 55 and 65 years, it is no surprise that
postmenopausal women diagnosed with ER positive breast cancer
constitute the largest demographic population requiring treatment.
The high prevalence of breast cancer in postmenopausal women
means that even minor improvements in treatment of ER+ cancers
hold the potential for substantial public health benefits in terms of
preventing breast cancer recurrence and reducing cancer mortality.
Multiple randomized trials supported by the Early Breast Cancer
Trialists’ Cooperative Group meta-analysis have shown that adjuvant
endocrine therapy – historically given for 5 years – reduces the longterm risk of breast cancer recurrence by 40% and reduces mortality by
30% through at least 15 years of follow-up [1]. These relative risk
reductions arise regardless of tumor size, grade, nodal status, or
patient age. However, the absolute benefit of therapy depends on the
baseline level of risk, defined by both the anatomic stage and
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the biological features of the tumor. There is marked heterogeneity in
the biological features of ER+ breast cancers. This variation can be
captured through standard pathological features including histological grade, levels of ER/PR expression, and measures of tumor
proliferation such as S-phase fraction or Ki-67. Increasingly, genomic
signatures are used to capture the variation within ER+ breast cancer;
a number of different RNA-expression based assays are commercially
available. These pathological or genomic features are often used to
categorize ER+ breast cancers as either more favorable, lower-grade,
“luminal A-like” or less favorable, higher grade, “luminal B-like”
subsets (Table 1).
Adjuvant endocrine therapy is effective in each subset, as has
recently been demonstrated by the molecular analysis of tumors of
patients in the STO-3 trial. This study, which ran from 1975 to 1990,
randomized women with node-negative breast tumors <3 cm to
either no treatment or to 2–5 years of tamoxifen [2]. Both groups
received benefit from tamoxifen. The hazard ratio was 0.42 for
tumors classified as “high genomic risk” and 0.46 for tumors
classified as “low genomic risk.” At 20 years, that translated to an
improvement in breast cancer specific survival of 18% for high
genomic risk cancers and 10% for low genomic risk cancers, owing to
their different baseline levels of risk without treatment.
In addition to preventing distant metastatic recurrence, adjuvant
endocrine therapy reduces the risk of local-regional tumor recurrence by at least 40%, and cuts in half the risk of contralateral breast
cancer [1]. In NSABP B-14, a randomized trial of women with ER+,
node-negative breast cancer offered tamoxifen or placebo, tamoxifen
lowered the 19-year risk of local-regional recurrence to 10.8% from
19% in the untreated arm [3]. Even in the extreme cases of low-risk,
ER positive breast cancer, the use of adjuvant endocrine therapy
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Table 1
Heterogeneity in ER positive, HER2 negative breast cancer.
Luminal A-like

Luminal B-like

Grade
ER/PR Levels
Proliferation Measures (e.g. Ki-67)
Genomic Signature

Low-intermediate
Strong
Low
Low-risk
“Luminal A”
Low recurrence score
Lower risk with endocrine therapy; adjuvant chemotherapy
often omitted

High
Intermediate to low
High
High-risk
“Luminal B”
High recurrence score
Higher risk with endocrine therapy; adjuvant chemotherapy
often warranted

adjuvant endocrine therapy reasonably well without marked
diminution of quality of life; however, patients on extended
therapy are vulnerable to persistent side effects with which they
are often all-too familiar [16].
Because of the generally favorable prognosis of patients after 5
years of endocrine treatment, the absolute gains of extended
adjuvant treatment are relatively modest, and again, depend on
baseline tumor stage. For instance, in NSABP B-42 – a study of 5 years
of letrozole therapy after an initial 5 years of adjuvant treatment that
included an AI – extended therapy reduced breast cancer recurrence
risk and distant metastatic recurrence by approximately 25% [17]. For
women with node-positive breast cancers, this translated to a 3.7%
absolute difference in breast cancer events, and a 2.4% reduction in
distant recurrence; for women with node-negative tumors, the
absolute differences were 2.9% and 1.4% for events and distant
recurrence, respectively. A meta-analysis from the Early Breast Cancer
Trialists’ Collaborate Group (Richard Gray, San Antonio Breast Cancer
Symposium, 2018) suggested that extended endocrine therapy
improved DFS by 1% for women with N0 cancers, 3.8% for women
with N1 cancers, and 7.7% for women with N2/N3 nodal status.
Nearly all women with ER positive breast cancers will be
candidates for adjuvant endocrine therapy for at least 5 years [18].
It is important for patients and clinicians to understand how the
treatment options in years 0–5 (tamoxifen versus an AI) and in years 5
to 10 (extended therapy vs not) might affect their odds of recurrence,
and in particular, for them to have an understanding of the absolute
magnitude of benefit when making choices between the available
strategies. Survey studies have shown that the most critical factor
affecting patient willingness to consider extended therapy is the
perceived medical necessity of treatment [19]. Thus, it is imperative
that clinical teams be able to provide accurate estimates of the
realistic clinical benefit and risk for a given patients based on her
treatments and tumor type.
For women with lower risk breast cancers – typically stage 1 and
bearing favorable biological features – the differences in any
treatment approach are very small, and not likely to affect long
term outcomes. In such women, the most important goal is to find a
treatment regimen that will prove tolerable for 5 years [20]. As
patients face progressively increasing risks of recurrence because of
larger tumors, involvement of axillary lymph nodes, or tumors with
less favorable biological features, it becomes increasingly important
to optimize the treatment approach. Postmenopausal women with
T3N0 tumors and/or nodal involvement warrant “escalation” of
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achieves measurable benefit for patients. In NSABP B-21, patients
with node-negative breast cancers 1 cm or less were randomized to
tamoxifen, radiotherapy, or both. At 8 years of follow up, tamoxifen
reduced the risk of ipsilateral breast cancer recurrence by 6%, and
contralateral breast cancer by 3%, even in this very low risk cohort [4].
Five years of tamoxifen was the early standard in management of
ER positive breast cancer. The development of aromatase inhibitors
(AIs) offered a different adjuvant approach that proved successful.
Many trials compared tamoxifen therapy against AIs; BIG 1-98 was
one such study that compared tamoxifen versus the AI, letrozole,
versus a switching strategy. Long-term follow-up from BIG 1-98
indicates that in comparison to tamoxifen for 5 years, AI-based
therapy reduces the risk of recurrence by 10–15% [5]. In this generally
good prognosis cohort of postmenopausal women with a mixture of
node-positive and node-negative cases, that proportional benefit
translated into a 2% (node-negative) or 4% (node-positive) reduction
in recurrence risk at 15 years. There was a 0.6% improvement in breast
cancer morality in node-negative patients, and a 1.9% improvement
in node-positive patients. The switching arms suggested that
incorporating the AI at any time during the first 5 years resulted in
comparable outcomes. Subset analyses have suggested that tumors
with lobular histology may get greater benefit from AI-based
treatment [6].
Both tamoxifen and aromatase inhibitors are associated with
substantial risks of side effects related to their anti-estrogen
properties. Each can cause hot flashes and night sweats. AIs are
specific associated with arthralgias/myalgias; vaginal dryness, loss of
libido, and other sexual health concerns; and risks of osteoporosis [7].
In BIG 1-98, arthralgias and hot flashes were the most common
reasons for stopping AI therapy [8]. Interventions including switching
the brand of AI therapy or reverting to tamoxifen [9,10], or the use of
duloxetine [11] or acupuncture [12], may mitigate some of the
arthralgia symptoms. Many patients report that regular exercise is the
best antidote. Notwithstanding treatment-related symptoms, most
women will be able to tolerate either tamoxifen or an AI.
Despite 5 years of adjuvant endocrine therapy, many women
remain at jeopardy for late recurrence of breast cancer; indeed, there
are more recurrences after 5 years than during the first 5 years in
most study populations [13]. Prognostic factors for greater risk of late
recurrence include higher baseline tumor stage, higher grade, lower
levels of ER expression, and adverse genomic signatures [13,14]. To
address the persistent risk of late recurrence, clinical trials have
examined extended adjuvant endocrine therapy beyond 5 years of
treatment [Table 2; 15]. Extended adjuvant endocrine therapy can
reduce the risk of breast cancer recurrence, and continues to reduce
the risk of a contralateral breast cancer. The largest relative risk
reduction is seen for women who received 5 years of tamoxifen as
initial endocrine treatment, and either continued tamoxifen or
switched to an AI. Women who received AI-based therapy in the
first 5 years appear to get relatively less benefit for sustained AI
therapy. Studies that looked at durations of 7 or 8 years vs 10 years
were hard-pressed to demonstrate benefit for the longer duration of
therapy. Quality of life studies suggest that women tolerate extended
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Table 2
Relative risk reduction with extended adjuvant endocrine therapy.
Initial Treatment Strategy
in Years 0–5

Treatment Strategy in
Years 5–10

Tamoxifen
Tamoxifen
AI w/w/o tamoxifen
AI w/w/o tamoxifen

Tamoxifen
AI
AI
AI until year 7 or 10

Disease-free Survial
Hazard Ratio Ranges
0.75
0.57–0.68
0.55–0.85
0.92–1.08
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endocrine treatment including attempted initial therapy with an AI
and the expectation of longer durations of anti-estrogen therapy.
Beyond these broad recommendations, patients should have realistic
expectations of the absolute benefit of therapy so that they can make
well informed decisions on which type of endocrine therapy to take,
and for how long.
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Clinical benefits of bone targeted agents in early breast cancer
Robert Coleman, MBBS, MD, FRCP, FRCPE*,†
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A B S T R A C T

Adjuvant therapy

Through their profound effects on the bone microenvironment, bone targeted treatments can potentially modify
the process of metastasis and have important effects on disease outcomes as well as on bone health. The Early
Breast Cancer Trialists Collaborative Group (EBCTCG) evaluated the effect of adjuvant bisphosphonates in early
breast cancer by performing a meta-analysis of individual patient data (n = 18,766) from all available
randomized trials initiated between the early 1990s until 2006. In postmenopausal women, bisphosphonates
reduced bone recurrence (RR = 0.72; 95%CI 0.60-0.86, 2p = 0.0002) and breast cancer mortality (0.82; 95%CI
0.73-0.93, 2p = 0.002); no effects on disease outcomes could be identified in premenopausal women. Somewhat
surprisingly, these effects could not be reproduced in the large adjuvant trial of denosumab (DCARE). In this
study, neither bone metastasis free survival (the primary endpoint) or disease-free survival were improved by
the addition of this targeted antibody inhibitor of osteoclast activity. Efforts are ongoing to try to understand the
biologic implications of these results. For now, the use of denosumab in early cancers is limited to its use for
fracture prevention using the 60mg every 6 months dosing schedule.
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Due to a combination of earlier diagnosis and improved loco-regional
and systemic adjuvant treatments, the management of early breast
cancer has become increasingly successful, leading to current 10-year
breast cancer survival rates of around 85%. Nevertheless, breast
cancer remains a leading cause of cancer death in women. Breast
cancer commonly metastasises to bone, with the skeleton the
most commonly affected organ and the first site of metastases in
approximately half of patients developing recurrent disease. Long
before the development of clinically detectable metastases, tumour
cells disseminate to the bone marrow where they settle in endosteal
and/or vascular niches, as described below, only becoming active
following years or decades after primary tumour diagnosis [1]. There
is therefore an urgent need to better understand molecular
mechanisms associated with metastasis formation in order to
develop therapies that will improve patient outcomes. In this short
review, our current understanding of the metastatic process is
summarised and the role of bone targeted treatments in early
breast cancer discussed.
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Mechanisms of metastasis
During metastatic dissemination, cancer cells from the primary
tumour are thought to undergo epithelial-to-mesenchymal transition (EMT) to facilitate invasion of the surrounding tissue and entry
into the microvasculature (intravasation) of the blood and/or
lymphatic systems [2]. Once in the bloodstream, cancer cells pass
through distant organs where they may exit from blood vessels
(extravasation) and settle in the foreign microenvironment. It has
been estimated that perhaps only 0.02% of cancer cells entering the
circulation result in clinically detectable metastases [3]. Metastasis
formation is therefore a highly inefficient process.
Recent evidence suggests that even before a primary tumour
becomes clinically detectable, it secretes factors [ proteins, DNA,
microRNA (miRNA)] and/or releases exosomes into the circulation
that are able to induce the formation of a pre-metastatic niche
in distant organs and encourage the dissemination of tumour cells
to these specific sites [4]. Then, in response to pro-migratory
and pro-inflammatory molecules released from these pre-metastatic
niches, circulating tumour cells (CTCs) cross the endothelial cell
barrier and basement membrane of blood vessels in the bone
marrow where they interact with specific extracellular matrix
components. Factors produced by stromal cells, osteoblasts and
the bone extracellular matrix, including chemokines, receptor
activator of nuclear factor kappa B ligand (RANK-L), extracellular
matrix proteins and their cell surface receptors (integrins),
and interleukin (IL)-1β, are thought to promote the homing of
tumour cells to the bone microenvironment and facilitate their
survival [5].
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postmenopausal women, suggested benefits were perhaps restricted
to women who had low levels of reproductive hormones due to either
natural age related menopause or ovarian function suppression [18].
This hypothesis was subsequently investigated and confirmed by
the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) metaanalysis of individual patient data from 18,766 breast cancer patients
included in randomized trials of adjuvant bisphosphonates. The
meta-analysis showed that adjuvant bisphosphonates (intravenous
zoledronic acid, daily oral clodronate or daily oral ibandronate
specifically) reduced breast cancer recurrences (especially in bone)
and breast cancer deaths, but were only of demonstrable benefit in
postmenopausal women [19]. Overall, across all age and menopausal
groups, despite a reduction in bone metastases, adjuvant use of a
bisphosphonate had no significant effect on breast cancer recurrence
(rate ratio (RR) = 0.94, 95%CI 0.87–1.101, 2-sided p value (2p) = 0.08)
and the effect on breast cancer mortality, though statistically
significant, was small in absolute terms (RR = 0.91, 95%CI 0.83–0.99,
2p = 0.04). However, in postmenopausal women or those receiving
ovarian function suppression, clinically important benefits were seen
with improvements in overall breast cancer recurrence (RR = 0.86, 95%
CI 0.78–0.94, 2p = 0.02), bone recurrence (RR = 0.72, 95%CI 0.60–0.86,
2p = 0.0002) and breast cancer-specific mortality (RR = 0.82, 95%CI
0.73–0.93, 2p = 0.002). This improvement in breast cancer mortality
approximated to the prevention of more that 1 in 6 breast cancer
deaths at 10 years. Benefits appeared similar both across biological
subtypes of breast cancer (both ER+ and ER−, low-, intermediate- and
high-grade tumours) and irrespective of the type of bisphosphonate
or (for zoledronic acid) the schedule of administration.
Clinical guidelines both in Europe and North America now
recommend the addition of an adjuvant bisphosphonates (zoledronic
acid, oral clodronate or oral ibandronate) to adjuvant systemic
treatment protocols for postmenopausal women deemed at intermediate or high risk for disease recurrence [20,21].
The disease modifying effects of denosumab have also been
assessed in early breast cancer. The osteoporosis schedule of
denosumab was evaluated by the ABCSG in a study primarily aimed
at assessing the agents ability to prevent bone loss and fractures
associated with the use of aromatase inhibitors [22]. In a recent
update of the study reporting on secondary disease related outcomes
a significant improvement in disease free survival (DFS) was reported
(denosumab 240 versus placebo 287 events; HR 0.82, 95%CI 0.69–
0.98, P = 0.026) [23]. However, the apparent benefits of denosumab
seemed to be driven more by effects on second non-breast primary
cancers (denosumab (D) 80 versus placebo (P) 100 events) and deaths
without recurrence (D 48 versus P 39 events) than prevention of
breast cancer recurrences; effects that seem biologically implausible.
Histologically confirmed breast cancer events were similar in the two
treatment groups (D 73 versus P 68 events).
In the DCARE study, 4509 women with histologically-confirmed
stage II/III breast cancer were randomized (1:1) to receive either
denosumab (120 mg) or matching placebo subcutaneously every 4
weeks for 6 months and then continued every 3 months for 4·5 years,
for a total duration of study treatment of 5 years [24]. The primary
endpoint was the composite endpoint of bone metastasis free
survival (BMFS,) defined as the time from randomization to the first
observation of bone metastasis with or without disease recurrence at
other anatomical sites (based on central imaging analysis and
investigator-reported events confirmed by biopsy) or death from
any cause. Denosumab had no significant effect on BMFS (HR 0·97,
95% CI 0·82–1·14; p value = 0·70). Additionally, no statistically
significant benefit was observed with denosumab treatment on DFS
or overall survival either in the study population as a whole or the
postmenopausal subgroup. Exploratory analyses suggested a reduction in first recurrence in bone but this was more than compensated
for by a numerical excess in recurrences at non-osseous distant sites.
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Once in the bone marrow, it is hypothesized that tumour cells
compete with haematopoietic stem cells (HSCs) for niche occupancy.
There are thought to be two contenders for this niche: the endosteal
(or osteoblastic) niche and the vascular niche [6,7]. Endosteal and
vascular niches are crucial regulators of HSC behaviour in the bone
marrow. During homeostasis, signals coming from the endosteal
niche keep HSCs dormant, which preserves their long-term potential
for self-renewal, whereas the richly oxygenated vascular niche
stimulates proliferation and differentiation of HSCs to maintain
haematopoiesis.
Entering a foreign environment, such as bone, presents numerous
challenges to tumour cells that influence both their survival and
ability to proliferate. Typically, tumour cells enter a quiescent state as
a mechanism to help them survive until environmental conditions
are sufficiently permissive for proliferation and tumour outgrowth.
This period of metastatic latency can be explained by either tumour
dormancy, a process by which tumour cells exit the proliferative cycle
for an indefinite period, or balanced proliferation, where tumour cell
proliferation is balanced by apoptotic cell death [8]. Balanced
proliferation is likely to be the result of insufficient angiogenesis or
activation of immune mechanisms that inhibit the growth of
metastatic deposits [8,9]. These two general forms of metastatic
latency are not mutually exclusive and could coexist in the bone
marrow until tumour cells have acquired the ability to form overt
metastases [10]. In breast cancer, tumour cell dormancy appears to be
determined by a balance between the activities of activated protein
kinases such as ERK1/2 and p38, with a switch towards ERK1/2
phosphorylation favouring proliferation and activation of p38
promoting tumour cell quiescence [11,12].
Undoubtedly, there is much more to learn about the extraordinarily
complex processes of metastasis. Our knowledge is somewhat
rudimentary and derived from animal model systems that may not
fully reflect the human setting and mechanisms of disease. However,
it is clear that multiple cell types, hormones, cytokines, growth
factors, physical factors such as hypoxia and cell-cell contact are
intimately involved in the development of metastasis. Treatments
that modify the microenvironment and these numerous interactions
could potentially modify the course of the disease for better or worse.
Bone targeted agents such as the bisphosphonates and denosumab
provide one approach to influence the metastatic process and,
following promising results in numerous animal model systems,
have been extensively studied in early breast cancer.
Disease modifying effects of bone targeted treatments
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The potential benefits of bone-targeted treatments on the clinical
course of breast cancer have been the subject of intense study over
more than 20 years. Individual trials have reported varying results
and proved difficult to interpret. Several early studies with daily oral
clodronate suggested benefits with fewer bone relapses and
improved survival but contrary results were also reported that
prevented approval of clodronate as an adjuvant treatment strategy
[13]. A potentially practice changing study conducted by the Austrian
Breast Cancer Study Group (ABCSG) reported significant benefit
from the addition of six monthly zoledronic acid when added to
endocrine therapy that included ovarian suppression for premenopausal women with oestrogen receptor (ER) positive disease [14].
However, the larger AZURE study, with much broader inclusion
criteria and utilising a more intensive treatment regimen with
zoledronic acid, showed no benefit in an intention to treat (ITT)
analysis either at the time of the initial analysis [15] or at later
planned follow-up analyses [16,17]. However, this study did identify
potential benefits in a subgroup of patients who were postmenopausal at the time of study entry and, taken with the benefits seen in
ABCSG 12 and several bone protection studies conducted in
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There are now millions of long-term survivors from breast
cancer across the world who have received combination chemotherapy, radiotherapy, and hormonal cancer treatments. Many of these
survivors are at increased risk of osteoporosis, largely because of the
endocrine changes induced by treatment. Cancer treatment–induced
bone loss (CTIBL) is thus a particularly important long-term problem
for women with breast cancer. For example, the fracture incidence in
women with breast cancer on an aromatase inhibitor was found to be
around 18–20% after 5 years follow-up suggesting that about one in
five women on an aromatase inhibitor without a bone protective
agent will sustain a fracture [22].
To minimize bone loss, patients should be advised to exercise
moderately (resistance and weight-bearing exercise). In addition,
to maintain good bone health, the International Osteoporosis
Foundation recommends a daily intake of 1200 mg calcium and
800–1000 IU vitamin D (guidelines available at www.iofbonehealth.
org). In addition, many will require a bone targeted agent to prevent
bone loss.
The effects of both bisphosphonates and denosumab on CTIBL have
been studied in multiple randomized clinical trials. These studies
have used dosing regimens that are similar, but not necessarily
identical to those used for the treatment of age-related osteoporosis.
In breast cancer, zoledronic acid is the most comprehensively studied
bisphosphonate. In premenopausal women, zoledronic acid (4 mg IV
every 6 months) prevented the bone loss associated with ovarian

function suppression (OFS) and tamoxifen or an aromatase inhibitor
whereas in the control group reductions in BMD at 3 years of around
5% and 10% occurred with OFS plus tamoxifen and anastrazole
respectively [25]. In postmenopausal women, three companion trials
(Z-FAST, ZO-FAST, E-ZO-FAST) compared the efficacy of a similar
dosing schedule of zoledronic acid given either in conjunction with
an aromatase inhibitor (immediate group), or if required due to a
decline in BMD to a T-score<−2.0 at any site or a non-traumatic
fracture (delayed group). At 5 years all three trials reported similar
results with 7–9% and 4–6% differences in lumbar spine and hip
BMD respectively between the two treatment arms in favour of
zoledronic acid [26–28]. None of these studies were designed to
show a significant difference in fracture incidence between the
treatment arms. Nevertheless, the BMD effects are similar to those
seen in trials performed in postmenopausal osteoporosis in which
bisphosphonates confer a relative risk reduction (RRR) of 45% for
vertebral fractures and approximately a 16% RRR for non-vertebral
fractures [29].
Multiple randomized clinical trials have also investigated the
efficacy of oral bisphosphonates for preventing CTIBL in breast cancer
[30]. The numbers of patients included in each study are somewhat
less than for the zoledronic acid studies and thus, unlike for other
forms of osteoporosis, the evidence for efficacy of oral bisphosphonates in this specific setting is less robust. Indirect cross trial
comparisons suggest the increases in BMD with oral regimens are
somewhat less than with zoledronic acid or denosumab, especially in
younger women receiving OFS or experiencing chemotherapy
induced menopause. Again, none of the trials with oral agents were
designed to assess reliably the impact of oral bisphosphonates on
fracture risk.
Denosumab is the only agent to have a specific license for CTIBL
following a large randomised trial in postmenopausal women with
breast cancer receiving an aromatase inhibitor in which fracture
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The apparent difference between the D-CARE results and those
reported by the EBCTCG meta-analysis suggest that the benefits of
adjuvant bisphosphonates perhaps relate to their broader and more
sustained biological effects on other aspects of the metastatic process
and not just their primary effects on bone cell function.

se

S94

#

Fig. 1. Algorithm for use of bone targeted treatments in early breast cancer. Patients already on weekly oral bisphosphonates for osteoporosis should be considered for a treatment change and follow algorithm. *If not clinically assessable i.e. hysterectomy/IUD then ensure age >55 +/or serum FSH is in postmenopausal range ( patient must not be
δ
receiving concurrent therapies that can affect the hypophyseal pituitary gonadal axis). Include vitamin D 800–2000 IU (+calcium 1000 mg daily if low calcium diet). CTIBL;
cancer therapy induced bone loss IV; intravenous.

SGIBCC Proceedings Supplement / The Breast 48S1 (2019) S92–S96

Adjuvant bisphosphonates reduce bone metastases and improve
survival in postmenopausal women with early breast cancer, with a
17% reduction in risk of breast cancer death associated with minimal
clinical or financial toxicity. As a result, adjuvant bisphosphonates
should now be part of routine adjuvant treatment for postmenopausal women at significant risk for disease recurrence. Denosumab
clearly reduces fractures in postmenopausal breast cancer receiving
aromatase inhibitors and is recommended for preservation of bone
health in patients at low risk for disease recurrence. However,
denosumab does not share the same effects on disease recurrence
and mortality observed with the use of bisphosphonates and so
should not be used for this purpose.
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Bone targeted agents have a dual function in the context of early
breast cancer; inhibition of metastasis and prevention of treatment
induced bone loss. The first indication should be a primary concern
for patients at intermediate to high risk of recurrence. In this setting
zoledronic acid, typically initiated alongside adjuvant chemotherapy
and then 4 mg every 6 months or daily oral ibandronate or clodronate
can be considered. A trial comparing these three agents showed no
difference in disease outcomes and the effects of bisphosphonates on
the underlying disease and metastatic processes may be a class effect
[31]. There are no data to support the commonly used osteoporosis
agents such as alendronate or residronate for metastasis prevention
and, as outlined earlier, the evidence for the use of denosumab to
prevent disease recurrence is weak. The optimum duration of
treatment for metastasis prevention is uncertain. Indirect evidence
from the EBCTCG meta-analysis suggests similar outcomes with
durations of treatment between 2 and 5 years [19] and this
observation is supported by the SUCCESS trial which, although
underpowered, could identify no differences in either disease
outcome or presence of DTCs in peripheral blood between either a
2 or 5-year schedule of zoledronic acid [32]. In addition to selection of
patients based on risk of recurrence and menopausal status, efforts
are ongoing to identify biomarkers that may predict benefit (and
harm) from manipulation of the bone microenvironment. One such
biomarker, MAF, a transcription factor that is amplified in around 20%
of tumours and predicts for bone recurrence [33] and has been shown
in one study to predict disease benefits with zoledronic acid in those
with normal MAF status and harm, especially in younger patients, in
those with amplification above a pre-planned fluorescent in situ
hybridisation (FISH) ratio of 2.5 [17,34].
In patients with good prognosis breast cancer, the risk of treatment
induced bone loss and fractures may be the primary concern. Based
on current evidence, subcutaneous denosumab (60 mg twice yearly)
and intravenous zoledronate (4 mg every 6 months) are the preferred
agents recommended for prevention and treatment of aromatase
inhibitor bone loss in recent guidelines endorsed by a wide range of
international osteoporosis societies and the Cancer and Bone
Society [35].
The algorithm used in the author’s institution and widely followed
in the United Kingdom for selecting patients with early breast
cancer for a bone targeted agent is shown in Figure 1 [36]. If an
oral bisphosphonate is preferred, 35 mg risedronate/week is the
bisphosphonate with the strongest evidence for prevention of
aromatase inhibitor associated bone loss. Alendronate 70 g weekly
or ibandronate 150 mg monthly may also be considered. In
case of poor compliance or a decline in BMD after 1–2 years of
treatment, a switch to denosumab or an intravenous bisphosphonate
is recommended. For patients receiving denosumab or intravenous
bisphosphonates, BMD monitoring during therapy is much less
important as compliance is assured. Repeat assessment of BMD may
be performed on an individualized basis and in accordance to local
guidelines.
Patients receiving an aromatase inhibitor are at increased risk for
fracture for at least the duration of treatment. As a result, guidelines
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Current recommendations for choice, schedule and duration of bone
targeted agents

recommend continuing anti-resorptive therapy for as long as the
patient is receiving the aromatase inhibitor (up to 5–10 years),
although there is uncertainty about the need to continue bisphosphonate treatment in years 6–10 for those women on extended
therapy. Patients treated with denosumab may need bone protection with a bisphosphonate (e.g. a single intravenous infusion of
zoledronic acid) when the treatment is discontinued to prevent
rebound osteolysis and the increased risk of multiple vertebral
fractures associated with denosumab withdrawal [37].
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incidence was the primary endpoint [22]. The ABCSG-18 trial
compared adjuvant denosumab (60 mg by subcutaneous injection
given twice a year) with placebo (both with calcium and Vitamin D
supplements) in 3425 postmenopausal women receiving adjuvant
aromatase inhibitor treatment. Women treated with denosumab had
a 50% (95% CI 39–65%, p < 0.0001) risk reduction for any clinical
fracture. The fracture risk reduction appeared to be irrespective of age
and baseline BMD [22].
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Emerging strategies in neoadjuvant treatment of patients with HER2-positive
early breast cancer
Nadia Harbecka,*,†
a

Breast Center, Dept. OB&GYN and CCC(LMU), University of Munich (LMU), Munich, Germany

A B S T R A C T

Dual blockade

The St. Gallen Consensus 2017 recommended neoadjuvant therapy as a standard of care in stage II-III HER2positive (HER2+) early breast cancer (EBC). Today, the neoadjuvant approach has become even more clinically
relevant, as pathological complete response ( pCR) status can not only be used to predict patient outcome, but
also to escalate anti-HER2 therapy after surgery, based on the recently published results from the KATHARINE
trial. Based on the NEOSPHERE results, dual antibody blockade together with chemotherapy has become the
neoadjuvant standard. The chemotherapy backbone consists either of an anthracycline-taxane sequence or of an
anthracycline-free regimen such as docetaxel and carboplatin. Adjuvant anti-HER2 therapy is then chosen based
on initial tumor burden and pCR status. A multidisciplinary approach right from the beginning guarantees
optimal treatment results for patients with HER2+ EBC.
Emerging strategies will include early response markers (e.g. biomarkers, molecular imaging) as well as novel
targeted agents (e.g. immunotherapy) in order to individualize systemic therapy in HER2-positive EBC.
Neoadjuvant and adjuvant therapy thus represent components of an integrated, continuous strategy in HER2+
EBC allowing therapy adaptation according to individual tumor response. Refining the treatment algorithm with
further de-escalation and escalation approaches will hopefully lead to better chances for cure as well as reduced
short- and long-term toxicities in HER2-positive early breast cancer.
© 2019 Elsevier Ltd. All rights reserved.
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Neoadjuvant therapy has become the standard of care for most
patients with HER2-positive early breast cancer (EBC), as pathological
response at surgery is well suitable to individualize further therapy
[1,2]. The German AGO guidelines even recommend the neoadjuvant
approach in all EBC patients for whom chemotherapy is indicated [3].
In HER2+ EBC, and particularly in hormone receptor (HR) negative
HER2+ EBC, pathological complete response ( pCR) is correlated with
favorable patient outcome, as demonstrated by the FDA metaanalysis in over 12,000 patients [4] as well as a meta-analysis of
neoadjuvant German Breast Group (GBG) trials [5]. Moreover, recent
results of the KATHERINE trial [6] have now established a new
adjuvant therapy standard for patients with non-pCR.
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Dual HER2-blockade with trastuzumab (H) and pertuzumab (P)
together with a chemotherapy backbone has been approved by FDA
and EMA for neoadjuvant therapy based on the NeoSphere trial [7]
and the totality of the supporting evidence, including the substantial
overall survival benefit in the CLEOPATRA trial [8]. In HR- HER2+
disease, pCR rates are higher than in HR+ HER2+ (triple positive) EBC.
In TRYPHAENA, in-breast pCR rates with standard chemotherapies
plus dual blockade (HP) were around 70% or higher in the HR- and
around 50% in the HR+ subset. pCR rates did not differ according to
anthracycline use [9]. Also in TRAIN2, no significant difference was
seen between anthracycline-containing and anthracycline-free
neoadjuvant chemotherapy together with dual blockade [10].
Moreover, the TRYPHAENA trial did not detect any survival
differences between anthracycline-containing and anthracyclinefree neoadjuvant chemotherapy together with dual HER2 antibody
blockade [11]. Established neoadjuvant regimens in HER2+ EBC are
thus either an anthracycline-taxane sequence plus HP or docetaxelcarboplatin plus dual blockade (TCbHP). The Z1041 phase III trial
(n = 282) investigated the effect of timing of the anthracycline and
trastuzumab administration in the context of an anthracyclinetaxane sequence. In-breast pCR rates did not differ between
sequential (56.5%, 95% CI 47.8–64.9) and concurrent (54.2%, 95% CI
45.7–62.6) administration. Left ventricular ejection fractions (LVEF) at
week 24 had dropped below the institutional lower limit of normal
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For patients with low-risk HER2+ EBC (cN0 cT1), the APT trial
established one exception to the neoadjuvant strategy: A regimen of
12 weeks of adjuvant paclitaxel + trastuzumab for one year was
associated with excellent outcome [14]. For all larger N0 tumors or
cN+ tumors, the neoadjuvant approach should be considered. If
tumor clinically fits the APT trial criteria and final histology after
primary surgery shows larger tumor burden with nodal involvement,
adjuvant therapy should include a standard chemotherapy regimen
as well as dual antibody blockade (see Figure 1). In order to guarantee
the optimal therapy concept for each patient, a multidisciplinary
approach right from the beginning is required.
In patients with pCR, adjuvant anti-HER2 therapy consists of
trastuzumab. According to the APHINITY results, continuation of
pertuzumab in the adjuvant setting is beneficial in patients with N+
or HR- disease [15]. In patients with non-PCR, adjuvant T-DM1
substantially improves the chances for cure vs. adjuvant trastuzumab
(hazard ratio for invasive disease or death, 0.50; 95% confidence

interval 0.39–0.64; p < 0.001) and should thus be offered to these
patients once approval and reimbursement are available [6]. FDA
approval was already granted in May 2019. The clinical pre-selection
in KATHERINE using non-pCR after standard neoadjuvant therapy
resulted in a substantial magnitude of clinical benefit. Thus, this trial
points to the direction in which to move forward in HER2+ EBC in
order to realize maximum benefit for patients, either by increasing
efficacy or by omitting unnecessary treatments and thereby
decreasing toxicity.
Re-evaluation of the tumor biology in the residual tumor specimen
is desirable in order to see whether the neoadjuvant therapy has led
to any therapeutically relevant clonal selection. In a cohort analysis
(n = 549) in HER2+ EBC, two neoadjuvant cohorts (docetaxel +
carboplatin±trastuzumab) were evaluated regarding HER2 expression on the residual tumor specimen at surgery. As reported earlier,
pCR was about doubled by adding trastuzumab in the neoadjuvant
setting. HER2 loss occurred more frequently in the trastuzumabtreated cohort (19.8% vs. 9.4%; p = 0.009). Patients with a loss of HER2
expression after neoadjuvant trastuzumab therapy had a higher risk
of relapse compared to patients with maintained HER2 expression
(HR = 2.639, 95% CI 1.103–6.311, p = 0.029) [16]. Data are still scarce
regarding conversion of hormone receptors (HR) and HER2 after
neoadjuvant anti-HER2 therapy. Until clinically relevant results are
available, adjuvant therapy decisions should therefore not take loss of
HER2 but only gain of HR receptors after neoadjuvant therapy into
account. In this context, it needs to be emphasized that in the
KATHERINE trial, randomization was performed based on the initial
pre-therapeutic HER2 status, and comparative data regarding preand post-neoadjuvant HER2 status and patient outcome have not yet
been presented.
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in 7.1% in the sequential and in 4.6% in the concurrent arm [12]. It
needs to be noted that a meta-analysis (n = 5 trials, 444 patients)
(including mostly phase II data and not Z1041) did see a significant
increase in pCR rates with concurrent anthracycline-trastuzumab
(48% vs. 26%; RR: 1.76, 95%CI: 1.37–2.26, p < 0.0001) compared to
sequential administration. In addition, concurrent use favored RFS
(RR: 1.14, 95%CI: 1.03–1.26, p = 0.009) but did not influence OS (RR:
1.06, 95%CI: 0.96–1.17, p = 0.27). In accordance with Z1041, the metaanalysis did not see a significant difference in LVEF decrease [13].
Even though there seems to be no increase in short-term cardiac
toxicity, long-term effects cannot be excluded. Thus, the differences
in results between the Z1041 phase III trial and the meta-analysis as
well as the lack of a demonstrated long-term benefit do not support
the routine concurrent use of anti-HER2 therapy already together
with the anthracycline in a sequential anthracycline-taxane regimen
in all patients.
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New strategies
Most neoadjuvant trials in HER2+ EBC over the last two decades have
focused on increasing pCR by intensifying therapy for mostly
unselected cohorts. Beyond introducing dual blockade into early
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Fig. 1. Current treatment algorithm for HER2+ early breast cancer.
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received 2 weeks of letrozole. If 2-week Ki67 dropped > 20% from
baseline, 5 cycles of dual antibody blockade were added to letrozole.
Ki67 (molecular) non-responders received paclitaxel and dual HER2
blockade instead. Molecular responders had a 20.5% total pCR rate
(breast and axilla), which was higher in the PAM50 HER2-enriched
subtype vs other subtypes (45.5% vs 13.8%, p = 0.042). Of note,
molecular non-responders had a pCR of 81.3% after 13 weeks of
paclitaxel and dual HER2 blockade, which is quite comparable to the
ADAPT HER2+/HR- results [24]. These data further substantiate
paclitaxel weekly + dual blockade as a reasonable neoadjuvant
option for HER2+ EBC, particularly in the context of de-escalation
strategies. Other approaches to early response assessment also
involve non-tissue-based markers such as PET/CT imaging. In the
TBCRC026 trial (n = 88), SUV changes between PET/CT d1 and d15
were able to predict pCR after 4 cycles of neoadjuvant trastuzumab
and pertuzumab (AUC 0.76; 90% CI 0.67–0.85) [25].
So far, several trials have presented encouraging pCR rates after
anti-HER2 therapy without systemic chemotherapy (see Table 2). pCR
rates are higher in HR- tumors and in the HER2-enriched (HER2-E)
subtype. Future trial concepts in HER2+ EBC can utilize the
neoadjuvant approach in order to escalate or de-escalate therapy.
One could either start with a “minimal” standard therapy such as 12x
paclitaxel weekly + dual antibody blockade in HER2+ EBC or with
anti-HER2 therapy alone (+ endocrine therapy in HR+) in a
molecularly selected cohort (e.g. PAM50 HER2-E or other enrichment
strategies) using total pCR as the endpoint. If pCR is achieved, further
chemotherapy may be optional, but standard adjuvant anti-HER2
therapy should be administered. In case of non-pCR, standard therapy
should be completed including escalation of anti-HER2 therapy as
suggested by KATHERINE. Since non-pCR could also be verified by a
core biopsy if clinical response is not complete after neoadjuvant
study therapy, further therapy could still be given before surgery in
non-cCR patients in order to better assess tumor response (see
Figure 2). The ongoing DAPHNe: Paclitaxel/Trastuzumab/Pertuzumab
in HER2-Positive BC Trial (NCT03716180; n = 100) is an example of a
de-escalation trial using “minimal standard therapy” ( paclitaxel +
dual blockade) in the neoadjuvant setting and then omitting further
chemotherapy for patients with pCR. Primary endpoint is the rate of
adjuvant chemotherapy.
De-escalation will most likely primarily involve less systemic
chemotherapy in order to reduce short- and long-term toxicity.
Nevertheless, type and duration of adjuvant anti-HER2 therapy also
need to be revisited considering the still limited international access
to modern anti-HER2 therapy. Molecularly driven approaches to
select those patients who are most likely to respond to anti-HER2
therapy may focus on PAM50 HER2-E [27], PIK3CA wildtype [29] and
HR- tumors or on other novel markers as well as on early response
assessment by proliferation assessment or molecular imaging as
outlined above. In addition to endocrine therapy (+ targeted agents)
in HR+, immunotherapy approaches are also promising in order to
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breast cancer, this approach has neither led to introduction of
practice changing regimes nor to survival benefits for patients.
Absolute pCR rates differ not just due to the regimens used, but also
due to baseline characteristics of the included patient collective [17].
A few trials have already attempted to de-escalate chemotherapy or
provide subgroup-specific therapy concepts in HER2+ EBC: The
KRISTINE trial compared 6x TCbHP vs T-DM1+P in the neoadjuvant
setting and showed that the conventional chemotherapy-based
regimen rendered a significantly higher total pCR rate of 55.7% vs.
44% ( p = 0.016) [18]. Patients continued with their respective antiHER2 therapies in the adjuvant setting; survival results are expected
for 2019. KRISTINE will be the first trial to present survival results
with adjuvant dual blockade after neoadjuvant dual blockade. In the
context with KATHERINE and APHINITY, the outcome results of
KRISTINE will allow an indirect comparison of the adjuvant T-DM1based therapy approach with continuation of dual HER2 blockade
after neoadjuvant therapy.
The WSG ADAPT umbrella trial [19] demonstrated feasibility of
avoiding overtreatment and individualizing neoadjuvant therapy: In
the HER2+ HR- subtrial, total pCR was about 90% with 12 weeks of
paclitaxel weekly plus dual HER2 blockade (HP) [20]. In metastatic
breast cancer (MBC), addition of carboplatin does not consistently
enhance anti-tumor activity of a taxane-trastuzumab combination
and does not impact OS [21,22] (see Table 1). These results from MBC
suggest that paclitaxel weekly + dual antibody-based HER2 blockade
is a reasonable neoadjuvant regimen, at least for clinically intermediate risk HER2+ EBC.
In HER2+ HR+ disease, pCR rates were around 40% with 12 weeks of
T-DM1±endocrine therapy in the respective ADAPT subtrial.
Concurrent endocrine therapy did not influence T-DM1 efficacy
[23]. Survival results are expected for 2020. In order to evaluate the
value of systemic chemotherapy in HER2+ HR+ EBC in the context of
optimal anti-HER2 therapy, the WSG TP II trial randomized patients
to 12 weeks of dual blockade (HP) together with endocrine therapy
vs. paclitaxel weekly. Recruitment was completed in early 2019, and
pCR results are awaited. WSG TP II will also provide outcome and QoL
results for adjuvant dual blockade after neoadjuvant dual blockade.
In all trials from the ADAPT umbrella, adjuvant chemotherapy is
optional after pCR. The ADAPT HER2+ subtrials will thus provide
some information on the clinical relevance of pCR obtained by antiHER2 therapy without any systemic chemotherapy as well as on
outcome after de-escalation of chemotherapy in case of a pCR
obtained by neoadjuvant weekly paclitaxel and dual antibody
blockade [19].
Early response assessment after three weeks of therapy in the
ADAPT HER2+ subtrials did not reveal any specific markers that
would already allow early therapy adaption in clinical routine.
Nevertheless, there was a significant predictive impact of early
response (Ki67 proliferation decrease or low cellularity) [23]. In the
phase II PerELISA trial, postmenopausal patients with HER2+ HR+ EBC
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Table 1
Efficacy of adding carboplatin to a taxane-trastuzumab regimen in HER2+ metastatic breast cancer
Study

Setting

Regimen

BCIRG 007
[22]

Patients
263

1st line MBC HER2
amplified

8x docetaxel 100 mg/m q3w +
trastuzumab + carboplatin AUC 6
vs.
2
docetaxel 75 mg/m + trastuzumab

Results

Phase III
study [21]

196

1st line MBC HER2 overexpression 2+ FISH+/3+

6x paclitaxel q3w + trastuzumab +
carboplatin AUC 6

2

median TTP 10.4 vs. 11.1 months (n.s.)
median OS 37.4 vs. 37.1 months (n.s.)
TCbH: more thrombocytopenia, anemia,
fatigue, diarrhea; 2 septic deaths
TH: more neutropenia-related
complications, sensory neuropathy,
edema; 1 sudden cardiac death
ORR 52% vs. 36% (sig)
median PFS 10.7 vs. 7.1 months (sig)
median OS 35.7 vs. 32.2. months (n.s.)
sig. more G4 neutropenia with Cb

S100
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Table 2
De-escalation trials in HER2+ EBC with neoadjuvant anti-HER2 therapy w/o systemic chemotherapy

ADAPT HER2+ HR[20]
ADAPT HER2+ HR+
[23]
WSG TP II [NCT03272477]

92
129
∼250

KRISTINE
[26]
NA-PHER2
[26]
NeoSPHERE
[7]
PAMELA
[27]
PerELISA
[24]

223
30 evaluable

Indication

Therapy

pCR rate (breast and
axilla)

HER2+ HRpre-/postmenopausal
HER2+ HR+
pre-/postmenopausal
HER2+ HR+
pre-/postmenopausal
all HER2+

12 weeks trastuzumab + pertuzumab

36.3%

12 weeks endocrine therapy + trastuzumab

15.1%

12 weeks endocrine therapy plus
trastuzumab + pertuzumab
T-DM1 + pertuzumab

recruitment finished
Q1 2019
44.4%

on
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Patients

107

all HER2+

6 cycles trastuzumab + pertuzumab + palbociclib
+ fulvestrant
12 weeks trastuzumab + pertuzumab

151

all HER2+

18 weeks trastuzumab + lapatinib

30% (in-breast)

HER2+ HR+, postmenopausal
(assessment of early Ki67
response to 2w letrozole)
all HER2+

5 cycles letrozole + trastuzumab + pertuzumab

20.5%

12 weeks trastuzumab + lapatinib (+ endocrine
therapy in HR+)

27% (in-breast)

44

66

TBCRC006
[28]

HER2+ ER+

na

Conclusions
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In summary, neoadjuvant therapy can be considered standard
in HER2+ EBC, at least in tumors not fulfilling the criteria for
de-escalation according to the APT trial. Patients with pCR will have

HER2-positive EBC
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27%

16.8% (in-breast)

a very favorable outcome with continuation of trastzumab (+/pertuzumab) in the adjuvant setting. In patients with non-pCR,
adjuvant T-DM1 offers an important escalation strategy in patients.
Future research needs to focus on avoiding overtreatment patients
with pCR. Such de-escalation should involve reducing the chemotherapy component while optimizing anti-HER2 therapy. Moreover,
type and duration of adjuvant anti-HER2 therapy after pCR also need
to be re-evaluated. In patients with non-pCR, rapid clinical access to
T-DM1 will be important given the practice changing KATHERINE
results.
Neoadjuvant and adjuvant therapy can thus be used as components of an integrated, continuous strategy in HER2+ EBC allowing
therapy adaptation according to individual tumor response in clinical

lu

increase efficacy of neoadjuvant anti-HER2 therapy. For example,
preclinical data suggest that there is synergism of T-DM1 with
immunotherapy approaches [30]. Last but not least, novel HER2targeting drugs such as tucatinib [31] or DS-8201 [32] are promising
agents to be incorporated into systemic chemotherapy-free neoadjuvant approaches either replacing or adding to standard anti-HER2
regimens.
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Fig. 2. Neoadjuvant therapy-based potential trial strategies for (de-) escalation in HER2+ early breast cancer.
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Breast cancer survivorship care beyond local and systemic therapy
Jennifer Y. Sheng, Kala Visvanathan, Elissa Thorner and Antonio C. Wolff*,†

The Johns Hopkins University School of Medicine, The Johns Hopkins Bloomberg School of Public Health, and The Johns Hopkins Sidney Kimmel Comprehensive Cancer Center,
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A B S T R A C T

Breast cancer

Despite persistent inequities in access to care and treatments, advances in combined modality care have led to a
steady improvement in outcomes for breast cancer patients across the globe. When estimating the magnitude of
clinical benefit of therapies, providers and patients must contend with a multitude of factors that impact
treatment decisions and can have long-term effects on quality of life and survival. These include commonly
described early toxicities, like aromatase inhibitor-associated musculoskeletal syndrome and neuropathy. But
longer-term comorbidities often observed among cancer survivors including weight gain, obesity, infertility,
psychological distress, sexual dysfunction, second cancers, bone loss, and body image issues can have lasting
effects on quality of life. Equally important, system-level factors such as access to care and resource allocation
can have a systemic impact on survival and on the quality of survivorship. Financial toxicity including
underemployment can have a lasting impact on patients and caregivers. The resulting disparities in access to
treatment can help explain much of the observed variability in outcomes, even within high-income countries
like the US. This article revisits some of secondary effects from therapies discussed in a prior 2015 review article,
along with other impediments to the optimal delivery of breast cancer care that can affect patients anywhere.
© 2019 Elsevier Ltd. All rights reserved.
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The global burden of cancer is growing with 18.1 million new cancer
cases and 9.6 million cancer deaths expected in 2018 [1]. And despite
improvements in survival outcomes for most cancers [2], patients in
pocket areas within high income countries and in widespread areas
in low income countries are at risk for poor care due to inadequate
availability and distribution of resources. Each year, more than 2
million women worldwide are diagnosed with breast or cervical
cancer, and where a woman lives and her socioeconomic status have a
disproportionate impact on her chances of survival [3]. While
adjuvant chemotherapy for breast cancer has significantly improved
the outcomes of patients in developed countries, fragmented health
systems contribute to poor survival outcomes observed in regions
with scarce resources [4]. For instance, biomarkers such as hormone
receptor status or access and standard routine pathology expertise
are essential to stratify care needed and are imperative across all
health systems, even before new and more costly molecular assays are
considered [5–7].
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As overall cancer burden broadens and treatment options advance,
the growing numbers of survivors led us to expand our efforts, and
focus not only on disease biology and therapy efficacy but also on
issues of therapeutic effectiveness, quality of life, cost of care, and
access. ASCO’s 2015 guidance statement on a conceptual framework,
which was developed to assess the value of cancer treatment
options and guide physicians and patients towards shared decision,
encourages us to consider issues such as high-quality evidence,
measures of clinical benefit and toxicity, palliation of symptoms
including treatment breaks, how to communicate absolute benefits,
and cost of therapy [8]. Care can be optimally delivered once we have
a better understanding of the factors that drive cancer care costs, can
assess the effectiveness of oncology therapies and diagnostics, and
allow improved patient-physician communication for optimal
exchange of information [9]. In this article, we review factors that
impact cancer survivorship both at an individual and at a societal
level.
Updates on standardized late effects from adjuvant chemotherapy
In a previous review article, we reviewed acute and chronic issues,
including fatigue, alopecia, musculoskeletal pain, chemotherapyinduced peripheral neuropathy, neurocognitive dysfunction, cardiomyopathy, neurocognitive dysfunction, psychosocial impacts, second
cancers, early menopause, and infertility [10]. Here, we reassess some
of them and summarize a few important new findings.
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As the prognosis of breast cancer in women of reproductive age
improves, concerns about fertility greatly affect treatment decisions
and quality of life [11]. As opportunities for survival improve, we
must ensure discussions about fertility occur so that we can effectively
counsel younger patients [12,13]. The updated 2018 ASCO guidelines on
fertility preservation note that sperm, oocyte, and embryo cryopreservation are considered standard practice [14]. Gonadotropin releasing
hormone (GnRH) agonists may be offered with the primary goal of
reducing the risk of chemotherapy-induced ovarian insufficiency, but
not as a replacement for established fertility preservation methods.
Emerging assisted reproductive techniques include in vitro maturation,
ovarian tissue collection and ovarian tissue cryopreservation [15]. But, a
recent survey of oncologists including attendees of the 2017 St Gallen
Breast Conference showed that many practitioners still offered
recommendations that were not guideline concordant [16].
Treatment associated myeloid neoplasms

Obesity
Obesity is one of the most prevalent health problems worldwide [22–
25] and a major risk factor for many cancers including postmenopausal breast cancer [26]. Among breast cancer survivors, obesity is
also associated with worse quality of life, a higher risk of adverse
treatment effects including self-esteem [27], sexuality [27, 28],
neuropathy [29–31], lymphedema [32], chronic fatigue [33, 34],
and worse survival. Chemotherapy-associated weight gain is experienced by most patients in the year after diagnosis [35, 36], and while
efforts at weight management directed at lifestyle changes through
caloric restriction and increased physical activity are effective they are
often not sustainable [37–41]. Exercise interventions alone may not
help [42], so trials like the Breast Cancer Weight Loss study
(NCT02750826) are investigating the combined effects of physical
activity as part of a telephone-based weight loss program intervention on long term survival among women with a BMI ≥27 kg/m2
diagnosed with stage 2 and 3, HER-2 negative breast cancer [43].
Equally important, scalable and sustainable weight loss strategies for
broad implementation are needed.
Sleep and mood disorders

lu

It is now accepted that the risk of therapy-related marrow neoplasm
(including myelodysplastic syndrome) is at least twice than previously reported, especially after exposure to anthracyclines [17, 18],
and rates in some series are as high as 1.8% after 5–10 years of followup [19–21]. Survival is poor after these events with only 9% still alive
after 10 years [19].While oncologists are increasingly aware of these
risks and of the need for upfront counseling, questions remain about
the baseline risk observed in carriers of germline mutations in DNA
repair genes. But a more thoughtful and selective approach towards
the use of anthracyclines may reduce the frequency of these
complications.

caregivers, and can be the intended and unintended result of policy
decisions. Therefore, it is critical to first understand them so as to
effectively intervene (see Figure 1).
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New insights on survivorship

Sleep and mood disorders are highly prevalent, but under recognized.
Rates of sleep disturbance in cancer survivors can be two to three
times higher than in the general population [44]. Early recognition is
key and new effective delivery strategies including internet-delivered
[45] and group-based cognitive behavioral therapy (CBT) have been
reported [46], along with other methods such as Tai Chi Chi [47].
Mental health illness, such as mood and psycho-affective disorders
often go undetected after a cancer diagnosis and may be associated
with increased all-cause mortality if not properly addressed [48, 49].
Predictors of psychological distress (anxiety or mood disorders) in
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As access to care improve and treatment options increase, so do the
growing list of factors that could influence the quality of survivorship.
Many are interconnected, affect individual patients and their

Fig. 1. Taxonomy of Cancer Care. Inspired by the paper by Tran et al, Taxonomy of the burden of treatment, a multi-country web-based qualitative study of patients with chronic conditions. BMC Med 2015 PMID 25971838.
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women with newly diagnosed breast cancer include young age,
axillary surgery, underlying connective tissue disorders, and appear
to be more common among patients who report increased menopausal symptoms, have greater need for stronger pain medication,
and have more acute care interactions with the health system during
follow-up [50]. These associated factors may help increase awareness
and improve recognition of patients who might benefit from timely
referrals for appropriate care.

AIs, in addition to other prevalent risk factors like age, prior fracture
history, and family history. A recent study demonstrates that breast
cancer survivors age 50 and younger are at higher risk for osteopenia
and osteoporosis compared to cancer-free women [77], and this is
particularly important as the treatment of AIs plus ovarian suppression expands among younger women.

Sexual function and body image

Integrative health care is a term not universally accepted, but that
attempts to bring conventional and complementary approaches
together in a coordinated way. This encompasses a broad category of
interventions that includes dietary supplements (like vitamins,
minerals, botanicals, and other natural products) and mind-body
practices (like yoga, meditation, qi gong, acupuncture, and massage).
Estimates suggests that over 80% of patients with early stage breast
cancer employ one or more integrative approaches at any given time
[78, 79], with the purpose of symptom relief, wellness promotion, or
just to offer them a greater sense of hope and control [80]. In
response to this growing interest, in 2018, the American Society of
Clinical Oncology endorsed several integrative modalities including:
music therapy, meditation, stress management, and yoga for
anxiety/stress reduction; meditation, relaxation, yoga, massage,
and music therapy for depression/mood disorders; meditation and
yoga to improve quality of life; and acupressure and acupuncture for
reducing chemotherapy-induced nausea and vomiting [81].
Therefore, oncologists should recognize that the use across the
whole trajectory of breast cancer care is prevalent and should offer
their patients some guidance in the context of existing evidence. At
the same time, use of unapproved pharmacotherapy (including socalled “natural products”) has been associated with delayed
initiation of adjuvant chemotherapy that in some cases could
prove deleterious [78, 82, 83].
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Musculoskeletal syndromes
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Sexual dysfunction after a cancer diagnosis and treatment is common
and often compounded by anxiety, fear, and preexisting issues [51]. A
decline in sexual function has been reported regardless of the type of
breast surgery [52] and is particularly prevalent in resource limited
settings [53]. Recent studies exploring varying approaches to
treatment of sexual dysfunction and body image seem promising.
As one example, a four session couple-based intimacy enhancement
telephone intervention demonstrated feasibility, acceptability, and
promise in addressing breast cancer survivors’ sexual concerns and
enhancing their and their partners’ intimate relationships and
psychosocial well-being [54] An online single session writing
exercise may help reduce body image distress and enhance body
appreciation [55], and therapeutic effects on body appreciation were
maintained for three months. Additionally, internet-based CBT with
weekly therapist guided sessions for up to 24 weeks benefits sexual
functioning, body image, and menopausal symptoms in survivors
with sexual dysfunction [56], which suggests the potential for nonpharmacologic treatment approaches for sexual dysfunction and
poor body image.

Complementary, alternative, and integrative medicine
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Aromatase inhibitors (AIs) are integral to endocrine therapy in
postmenopausal women with hormone receptor positive (HR+)
breast cancer [57]. However, over 30% of women receiving an AI as
adjuvant therapy stop it or are non-adherent due to toxicity [58–61].
Retrospective analyses reported that half of women on an AI develop
musculoskeletal toxicity, often early on [62–66], which in some cases
can severely impact quality of life [67, 68], adherence, and efficacy
[69]. Ultimately, about 25% of patients discontinue adjuvant AIs
within two years [58], and nonsteroidal anti-inflammatory drugs
offer limited relief [70]. More management strategies are now
available, including pharmacotherapy, acupuncture, dietary supplementation and physical activity. For instance, a 12-week course of the
serotonin norepinephrine reuptake inhibitor duloxetine improved
average and worst joint pain, joint stiffness, pain interference, and
functioning compared with placebo [71]. Acupuncture also resulted
in a significant reduction in joint pain after six weeks of twice weekly
sessions compared to sham acupuncture or waitlist control [72].
Studies of oral supplements have by in large been negative [73].
However, exercise is a safe alternative and an adjunct in the
management of moderate to severe musculoskeletal symptoms,
and a 6-week, self-directed walking program of more than 150
minutes per week yielded significantly increased the number of
minutes walked per week, reduced stiffness and improved the
performance of activities of daily living [74]. For acute management,
loratadine can help prevent bone pain in patients receiving
chemotherapy and pegfilgrastim [75].
Bone health
Bone loss, including osteoporosis, is consistently reported among
older breast cancer survivors [76]. Risk factors include chemotherapy-induced premature menopause and use of GnRH analogues and

Global cancer survivorship
Inadequate care due to limited resources and coverage
To improve survivorship outcomes, we must ensure appropriate
access to treatment worldwide. Many of the chronic issues described
above are a function of receiving appropriate care and surviving a
breast cancer diagnosis. While individual practitioners focus on the
patient at hand, societal and structural issues play an often not so
visible and critical role, sometimes even in high income countries,
leading clinicians to offer less-than-optimal care when diagnostic or
treatment resources are lacking or access to care is hampered by
cultural or economic issues (including inadequate insurance). In low
income countries, breast cancer mortality rates are substantially
higher and this is largely attributable to health system factors that
often result in late-stage presentation [84]. It is therefore important
to identify which resources might most effectively fill health care
needs in limited-resource regions and to provide guidance on how
new resource allocations should be made to maximize improvement
in outcome (See Table 1) [85].
Access to care in countries like the US

Individual financial struggles are still present in high income
countries and continue to be a major problem in low income
countries. In the US, cancer patients without insurance or covered by
Medicaid seem to experience inferior quality of care compared with
those with private insurance [86]. Federal response to expand care
with purchase of a new insurance category created by the US
Affordable Care Act (“Obamacare”) had the intended effect to
improve the quality of care for breast cancer patients who would
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Table 1
Breast cancer care resources for low, intermediate, and high income countries.

Diagnosis
Pathology

Other workup

Stage I-III
locoregional Rx
Stage I-III
adjuvant Rx

Intermediate income countries

High income countries

Self-breast exam
Targeted outreach
Diagnostic ultrasound
Breast exam
Surgical biopsy, FNA
Interpretation of biopsy
Tumor size, lymph node status, histology, grade,
margins, ER/PR
Diagnostic breast ultrasound
Plain chest radiograph
Liver ultrasound
Cell blood count and chemistries
Modified radical mastectomy

Diagnostic mammography

Mammographic screening

needle localization bx under
US guidance
On-site pathologist

Stereotactic biopsy
Sentinel node biopsy
HER2 status

Bone scan

CT scan
PET scan
Breast MRI

Ovarian ablation, tamoxifen
CMF, AC, EC or FAC*

on
ly

Detection

Low income countries

Breast conserving Rx
Breast RT
Chest wall/regional RT
Taxanes
Aromatase inhibitors
LH-RH agonists

Sentinel node biopsy
Reconstructive surgery

Growth factors
Dose-dense chemo
Anti-HER2 therapy

Cancer in the workplace

Breast cancer or its treatment may adversely impact everyday
functioning, including employment. In North America and Europe,
return‐to‐work rates vary among breast cancer survivors, from 82% to
as low as 53% at 36 months after diagnosis [98, 99]. Rates in South
America were 60.4% at 24 months after diagnosis, which is similar to
the rates among low‐income Americans [100]. Higher income, breast‐
conserving surgery, endocrine therapy, and absence of depression are
factors associated with the likelihood of returning to work.
Returning to and maintaining employment after treatment may be
important, not only for social connection and financial support but
also for regaining a sense of normalcy and personal satisfaction [101].
At time of breast cancer diagnosis, a large proportion of patients
work. However, among patients treated with contemporary adjuvant
chemotherapy, persistent symptomatology was associated with
negative employment outcome [102], and figures worsened with
longer follow-up [101]. For instance, one study in Israel showed that
after 8 years of follow-up about 33% of those employed (median age
at diagnosis 56 and at time of survey 65) prior to their diagnosis
stopped working or retired, 48% downgraded to part-time, and only
19% had no change in their work situation. Breast cancer survivors
with characteristics pointing at underprivileged social circumstances
more often experienced changes in work status after surviving breast
cancer, irrespective of diagnosis, comorbidity or treatment. Thus,
breast cancer patients with immigrant status or lower educational
attainment require greater support to keep their jobs.
An international survey of 500 executives conducted by The
Economist Intelligence Unit identified several approaches employed
to strengthen support in the workplace for those affected by cancer,
like coaching, support groups, and case managers [103]. Employers
also need more training, support and resources to facilitate return to
work for employees [104]. A stronger global effort by payers and
policy makers is necessary to provide greater support to patients and
families [105].
Globally, metastatic breast cancer is associated with a substantial
economic burden. In the United States, these families incurred almost
40% higher indirect costs than families of patients with early stage
disease [106], and the national economic burden of metastatic
disease due to lost productivity in the US was almost $3 billion over 5
years. The majority of these patients are unable to continue with paid

Reduced access to care due to financial toxicity
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otherwise be uninsured or underinsured without purchasing
insurance [87]. Unfortunately, only about 40% of plans in the
federal exchange network allow access to NCI-designated cancer
centers and opportunities to participate in clinical trials [88].
Additionally, medically underserved individuals are often not
afforded the option to have access to germline counseling and
BRCA1 and BRCA2 mutation testing [89]. Even among Medicare
beneficiaries, test uptake in ovarian and breast cancer survivors was
low at just about 50% for those who met clinical criteria [90].

se

*AC, doxorubicin and cyclophosphamide; CMF, cyclophosphamide, methotrexate, and 5-fluorouracil; EC, epirubicin and cyclophosphamide; FAC, 5-fluorouracil, doxorubicin, and
cyclophosphamide; LH-RH, luteinizing hormone–releasing hormone.
Adapted from Anderson and Carlson (BHGI), JNCI 2007 PMID 17439758.
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Providing high‐quality patient care should include communicating
treatment costs to patients, as the expense of therapy vary widely
across regimens and patients bear substantial out‐of‐pocket burden
[90]. Physicians should involve value-based care, which is defined as
services that improve health at a reasonable cost, and guidelineconcordant local therapy options [91]. For example, mastectomy plus
reconstruction can be associated with almost twice the risk of
complications and higher total cost as lumpectomy plus whole breast
irradiation [92]. Out-of-pocket costs for adjuvant therapy for
hormone sensitive breast cancer were significantly associated with
adherence and persistence to the therapy [93, 94]. Low-income
subsidy for the Medicare Part D (an optional United States federalgovernment program to help Medicare beneficiaries in the US pay for
self-administered prescription drugs through prescription drug
insurance premiums) was associated with improved persistence on
hormonal therapy [95].
A Patient Decision Aid tool may help reduce costs by individualizing aftercare based on an assessment of their preferences for
modality of conversations [96]. Significantly, patients using them
more often chose less intensive aftercare (telephonic or on-demand
consultations) over intensive (face-to-face consultations), leading to
a small reduction of hospital costs and a large increase in average
consultation time. Other decision aids have involved patient
ascertainment of breast cancer risk factors, a description of differing
guidelines, a comparison of mortality reduction and other outcomes, and listing the factors most important to them [97].
Consideration of both patient and financial outcomes will be
important as health systems increase the emphasis on guideline‐
based care.
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employment, due to rigid work environments and lack of flexible
schedules or home-working options. One global survey found that
half of all patients with advanced disease who returned to work left
the job within one year [107].
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Cancer-related financial burden is also associated with greater
physical and mental health challenges (depressed mood and
frequency of fear of recurrence) and lower quality of life [114].
Cancer survivors’ risk of bankruptcy in the US is 2.65 times higher
than those with no cancer history [115]. Among patients with a
history of cancer, bankruptcy has been associated with a greater risk
of mortality [116]. Compared with guideline-concordant treatments,
non-concordant treatment can be seen in about one sixth of adults
≥65 with early stage breast cancer and is associated with higher costs
and rates of healthcare utilization [117]. Lastly, non-concordant
treatment can be seen in about a fifth of patients with de novo
metastatic breast cancer and is also associated with higher costs [118].
With the growing costs of cancer treatment, both patients and care
teams must address factors contributing to economic burden through
direct conversations about the cost and value of cancer treatment,
availability of and access to resources, and assessment of financial
toxicity as part of comprehensive cancer care [119].
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As survival improves in breast cancer survivors, the risk for
treatment-related complications rises. Oncologists have a responsibility towards their patients and the medical profession, but most
have had limited to no training on how to deal with the economic
aspects of modern cancer care delivery and on how to help patients
transition into long term survivorship and best coordinate care
among various specialists including primary care [120]. Improved
strategies are needed to facilitate shared decision marking and allow
for patient-centered care. Finally, as ethical and societal issues arise
regarding allocation of resources, we cancer specialists must engage
with policy makers to address structural issues and best advocate on
behalf of our patients.
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Nearly half of cancer survivors experience financial distress even
among those who are insured [108, 109]. Health insurance does not
eliminate financial distress or health disparities among cancer
patients [110]. Consumer credit may reflect financial hardship that
breast cancer patients face due to treatment, which in turn may
impact ability to manage health after cancer [111]. Better credit was
associated with over 7 times higher physical health score, and a
significant change in psychosocial stress. Other tools, such as the
COST (Comprehensive Score for financial Toxicity) measure, may be
reliable and valid measures of financial toxicity [112]. Stabilizing and
monitoring financial toxicity may be a potential intervention for
mitigating economic burden after breast cancer, and oncologists
should focus on delivering value-based care, encouraging discussions
about cost, and educating patients on costs of treatment [113].
Patients also need better understanding of the costs of treatments
(cost-related health literacy) to make shared decision about highvalue care.
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Will surgery be a part of breast cancer treatment in the future?
Monica Morrow, MDa,*,†
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A B S T R A C T

Lumpectomy

The combination of smaller, screen-detected cancers, improved efficacy of systemic therapy, and increasing use
of neoadjuvant therapy with rising rates of pathologic complete response has prompted interest in studying
elimination of surgery for some women with breast cancer. In order to determine whether this is a high priority
area for research, knowledge of the proportion of cancers cured by surgery, the morbidity of current surgical
approaches to breast cancer, and patient treatment preferences must be considered. This article reviews these
topics and addresses some of the concerns about elimination of surgery in the settings of patients with small
amounts of non-high-grade DCIS and in those who appear to have a pathologic complete response to
neoadjuvant chemotherapy.
© 2019 Elsevier Ltd. All rights reserved.

Pathologic complete response
Breast cancer surgery

A B B R E V I AT I O N S
pCR, pathologic complete response
NSABP, National Surgical Adjuvant Breast and
Bowel Project
ACOSOG, American College of Surgeons
Oncology Group
DCIS, ductal carcinoma in situ
ECOG-ACRIN, Eastern Cooperative Oncology
Group-American College of Radiology Imaging
Network
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It is clear that the proposed trials of non-surgical management
will not improve local control or survival outcomes, and whether
they will reduce morbidity is unclear.
Patients treated non-operatively are likely to require more
intensive imaging follow-up and more biopsies, leading to
higher costs and more patient anxiety.
Whether patients will be accepting of enhanced surveillance or, in
the case of those with DCIS, endocrine chemoprevention to avoid
a brief outpatient lumpectomy is unclear.
In an era when resources for surgical trials are limited, the
wisdom of investment in trials of non-surgical approaches, which
will benefit a minority of women with breast cancer in order to
avoid low-cost surgical procedures which are associated with
minimal morbidity, must be carefully considered.
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Introduction
Survival outcomes of breast cancer treatment have improved in the
United States and Western Europe since the 1980s, with a median
decrease in breast cancer mortality of 19% in Europe between 1989
and 2006 [1], and a 34% decrease in mortality in the United States
since 1990 [2]. These mortality benefits have occurred in the setting
of smaller cancers with lower nodal disease burdens [3], improved
systemic therapies, and the widespread use of systemic therapy in
the majority of women with breast cancer. Systemic therapy is
increasingly used in the preoperative setting, and improvements in
systemic therapy, particularly the development of anti-HER2 drugs,
have resulted in rates of pathologic complete response ( pCR) of
40%–70% in patients with triple negative or HER2 overexpressing
breast cancer [4, 5] receiving neoadjuvant chemotherapy (NAC). NAC
is increasingly used in operable breast cancer to avoid mastectomy
and reduce the need for axillary dissection. This constellation of
factors – smaller cancers, less surgery after NAC, and improved
survival outcomes – has led some to question whether it is now
time to consider eliminating surgery for some patients. To address
this question, it is worth considering the outcome of breast cancer
treated with surgery alone, the morbidity of breast surgery as
currently practiced, and patient preferences regarding breast cancer
treatment.
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In the modern era when “poor prognosis” breast cancer is often
considered to include patients with cancers of 1 cm in size if they are
of high histologic grade or have 1 nodal metastasis, it is remarkable to
consider that of 1458 women undergoing radical mastectomy
without systemic therapy at Memorial Hospital in New York,
New York from 1940 to 1943, after 30 years of follow-up, only 57%
had died of breast cancer [6]. In later studies, Haagensen reported 10year survival of 76% for node-negative patients treated with radical
mastectomy alone and 48% for those with metastases in 1–3 axillary
nodes [7]. Similar results were reported in studies by Spratt and
Donegan [8], and Ferguson et al. [9], with 10-year survival ranging
from 68% to 72% in node-negative patients, and from 27% to 39% in
node-positive patients. In the National Surgical Adjuvant Breast and
Bowel Project (NSABP) B04 trial, the mean tumor size was 3.3 cm, and
the 25-year relapse-free survival in the node-negative patients
undergoing radical mastectomy was 53 ± 3% [10]. Even better survival
outcomes after surgery alone are seen in patients with lower tumor
burdens that more closely resemble those seen in the era of
population-based screening. In a study of 644 patients treated with
mastectomy and no systemic therapy, after a median follow-up of 18
years, 88% of those with node-negative cancers 1 cm or less in size
and 74% of those with node-negative cancers 1.1–2.0 cm in size were
alive [11], while for those with T1 tumors and 1 involved node,
survival was 66%. Quiet et al. examined the impact of total tumor
burden on disease-free survival at 20 years in patients with nodal
metastases [12]. In this group of 501 patients, 25% received endocrine
therapy ( primarily oophorectomy) and 36% had radiotherapy, but no
chemotherapy was used. Survival ranged from 95% in patients with 1
lymph node metastasis and tumors ≤ 1 cm in size, to 73% in those
with 2 or 3 nodal metastases and T1a or b tumors. In aggregate, these
studies indicate that a substantial amount of breast cancer is cured
with surgical therapy alone.

The changes in management of the axillary lymph nodes have been
equally dramatic. The use of sentinel node biopsy alone for staging
the axillary nodes as positive or negative dramatically reduced the
morbidity of breast cancer surgery. In the prospective, randomized
American College of Surgeons Oncology Group (ACOSOG) Z̶ 0 011 trial,
70% of women undergoing axillary dissection complained of side
effects compared to 25% of those treated with sentinel node biopsy
alone [16]. As experience with sentinel node biopsy was gained,
contraindications to the procedure have decreased, and it has been
widely adopted for axillary staging [17]. Efforts to decrease the
morbidity of axillary surgery were then focused on patients with
nodal metastases. The ACOSOG Z̶ 0 011 and AMAROS trials demonstrated that patients with metastases to 1 or 2 sentinel nodes could be
treated with sentinel node biopsy alone, with or without radiotherapy [18,19], with 10-year rates of nodal recurrence of <2% and no
significant decrease in disease-free or overall survival. Since the time
of the publication of these trials, substantial decreases in the use of
axillary dissection have been observed in the United States [20] and
the Netherlands [21]. In patients with clinically positive nodes not
eligible for the ACOSOG Z0011 or AMAROS approaches, the ability to
decrease the use of axillary dissection by using NAC to downstage
positive nodes and to accurately restage the axilla with sentinel node
biopsy after NAC [22–25] has also been demonstrated [26].
Overall, it is clear that breast cancer surgery has become
progressively less morbid over time, results in excellent locoregional
control, and is lower in cost relative to other breast cancer treatments.
De-escalation of surgical approaches has been widely adopted, and
surgery alone cures more than 50% of the stage I and II cancers that
make up the majority of breast cancers in screened populations. It is
against this background that the merits of eliminating surgery must
be considered.
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The surgical therapy of breast cancer has evolved dramatically over
the past 40 years and has become much less morbid. Although no
large, prospective randomized trials directly compared outcomes of
radical and modified radical mastectomy, the NSABP B04 trial
demonstrated no survival differences in clinically node-negative
women randomized to radical mastectomy, total mastectomy and
irradiation, or total mastectomy alone [10], and the switch from
radical to modified radical mastectomy in the United States was
largely completed between 1972 and 1981 [13]. The repudiation of
the Halstedian concept of breast cancer spread by NSABP B04
paved the way for trials of breast-conserving therapy, and the
preservation of the pectoralis major muscle with the modified
radical mastectomy allowed immediate breast reconstruction to
become a clinical reality. The adoption of modified radical
mastectomy, immediate reconstruction, and breast-conserving
surgery greatly lessened the morbidity of breast cancer treatment
compared to the era in which the radical mastectomy was the only
surgical option available for patients. Over time, contraindications
to breast-conserving therapy and immediate reconstruction have
decreased, and the majority of women with early-stage breast
cancer are treated with breast conservation [14]. A substantial
decrease in locoregional recurrence rates has been observed, which
coincides with the adoption of less-radical surgical approaches.
This decrease in local recurrence is largely due to the increased use
of systemic therapy. Between 1985 and 2010, locoregional recurrence as a proportion of all recurrences decreased from 30% to 15%
( p < 001), independent of treatment with mastectomy or breastconserving therapy and age [15].

Elimination of Surgery in Non-Metastatic Breast Cancer
Enthusiasm for eliminating surgery exists at both ends of the
spectrum of breast cancer. There is interest in eliminating surgery
in patients with small amounts of non-high-grade ductal carcinoma
in situ (DCIS) and observing them with or without endocrine
chemoprevention. The rationale for this approach comes from
observations that the increased detection rate of DCIS which
accompanies the use of screening mammography has not resulted
in a corresponding decrease in breast cancer mortality [27],
suggesting that not all DCIS is an obligate precursor of invasive
cancer. It has also been suggested that the breast cancer-specific
survival after treatment of DCIS of 97% at 20 years [28] indicates that
we should be able to do less. Interest also exists in eliminating surgery
for patients with locoregional invasive cancer which is biologically
aggressive enough to require NAC. In these cases, the need for
chemotherapy has been determined prior to surgery. It is felt that
there is no benefit for surgery in patients who have had a pCR, so if
pCR could reliably be determined non-operatively, then radiotherapy
alone would be sufficient for local control in this population known
to have high rates of locoregional control with the combination
of surgery and radiotherapy [29]. These two scenarios will be
considered separately.
Elimination of Surgery in DCIS
Questions that inform the risks of observing women after a core
biopsy diagnosis of DCIS are summarized in Table 1. Data on upgrade
rates to invasive cancer in patients diagnosed by core biopsy as having
non-high-grade DCIS are variable. Grim et al reported that of 110
patients diagnosed as having low- or intermediate-grade DCIS with
vacuum-assisted biopsy, the upstaging rate was 7% [30]. When
additional eligibility criteria for the COMET [31], LORIS (Surgery
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Table 1
Questions to be addressed when considering elimination of surgery.

receive radiotherapy was 14.5%. This rate was significantly higher
than the risk of contralateral cancer, supporting the premise that even
small amounts of non-high-grade DCIS may be precursor lesions
rather than generalized markers of increased breast cancer risk [39].
In aggregate, the available data indicate that there is a substantial
risk of subsequent breast cancer events in women with small, lowgrade DCIS treated with excision alone. It is clear that a strategy of
observation will not reduce cancer risk compared to surgical excision.
Risk reduction in this group would be dependent upon the use of
endocrine chemoprevention, a strategy that is accepted by a minority
of women with DCIS and that is associated with more toxicity and
quality-of-life impairment for the majority of women than a 45minute outpatient lumpectomy.

DCIS
•
•
•

What is the risk of undiagnosed invasive cancer after a core biopsy diagnosis
of DCIS?
What is known about the biologic potential of small amounts of non-highgrade DCIS?
What risk of invasive cancer is acceptable to patients to avoid lumpectomy?

Invasive Cancer After Neoadjuvant Chemotherapy
•
•
•

How reliable is non-surgical determination of pathologic complete
response?
What is the risk of locoregional recurrence in patients who have pathologic
complete response identified surgically?
Does the failure to identify microscopic residual disease after neoadjuvant
therapy influence survival?
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Eliminating Surgery in Invasive Breast Cancer
Abbreviations: DCIS, ductal carcinoma in situ.
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Improvements in systemic therapy have increased rates of pCR after
NAC, and pCR is seen in 37%–50% of patients with triple negative
breast cancer, and 50%–70% of those with HER2 overexpressing
cancers after treatment with chemotherapy and HER2 blockade [4,5].
If pCR could reliably be identified non-operatively, then surgery could
be avoided in this subset of patients who would then receive
radiotherapy. Magnetic resonance imaging (MRI) is generally thought
to be the most reliable method of assessing response to NAC, yet in a
metaanalysis of studies performed since 2001, the accuracy of MRI in
predicting breast pCR was only 83% [40]. Patients who have a pCR in
the breast and nodes are at lower risk of locoregional recurrence than
those who do not achieve pCR, and residual disease in the nodes in
patients who were initially clinically node positive is a particularly
strong predictor of locoregional recurrence [29]. However, even
among patients who have a pCR, locoregional recurrence occurs. In a
joint analysis of the 3088 patients in the NSABP B18 and B27 trials,
age, clinical nodal status at presentation, and presence or absence
of pCR in the breast and nodes were predictors of locoregional
recurrence after breast-conserving therapy following NAC, and initial
tumor size, initial nodal status, and presence of breast and nodal pCR
predicted locoregional recurrence post mastectomy [29]. Rates of
locoregional recurrence after breast-conserving therapy in women
younger than 50 years of age who were initially node positive and had
a pCR exceeded 10% in the nomogram which was developed from
these studies. In women who were initially node negative and had a
surgically determined pCR, rates of locoregional recurrence were
approximately 6%–8%. As is the case in patients with DCIS, rates of
locoregional recurrence will not be lower in those who do not
undergo surgery, and it remains to be determined if they will be
higher. There is another more-compelling reason than the potential
for an increase in the risk of locoregional recurrence to be concerned
about the adoption of strategies which diminish the ability to reliably
detect pCR. The Create-X trial [41] and the KATHERINE trial [42] have
demonstrated that in patients who do not have a pCR with NAC, the
administration of capecitabine to patients with triple negative breast
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Versus Active Monitoring for Low-Risk DCIS) [32], and LORD [33] trials
of active surveillance (Table 2) were applied, invasive disease was
found in 6%, 7%, and 10% of eligible patients, respectively. In contrast,
Pilewskie et al identified 296 patients meeting eligibility criteria for
the LORIS trial (other than the use of non-standard pathologic criteria
for grading of DCIS), and 20% had invasive carcinoma at surgical
excision. Poor prognosis pathologic features including high histologic
grade (21%), triple negative status (3%), HER2 amplified cancer (9%),
invasive tumor size >0.5 cm (31%), and nodal metastases (5%) were
present in a significant number of patients [34].
Two prospective, multi-institutional studies have addressed the
risk of local recurrence in patients with small, non-high-grade DCIS
treated with excision alone. The ECOG-ACRIN (Eastern Cooperative
Oncology Group-American College of Radiology Imaging Network)
E5194 study enrolled patients with low- or intermediate-grade
DCIS ≤ 2.5 cm in size and excised to a margin of 3 mm or greater.
Tamoxifen was given to 30% of patients. The 12-year rate of any local
recurrence was 14.4%, and the 12-year rate of an invasive recurrence
was 7.5% [35]. The RTOG (Radiation Therapy Oncology Group) 9804
trial randomized 636 patients with low- or intermediate-grade
DCIS ≤ 2.5 cm in size excised to a margin of 3 mm or greater to
radiotherapy versus observation. Tamoxifen was used by 66% of the
participants in the no-radiotherapy arm. At 7 years, the local failure
rate was 6.7% in the no-radiotherapy group, which increased to 11.4%
with 12-years of follow-up. In the radiotherapy group, 7- and 12-year
rates of local failure were 0.9% and 2.8%, respectively, and approximately 50% of recurrences in both arms were invasive cancers [36,37].
Single-institution studies also provide data on the outcome of
surgery alone for “low-risk” DCIS. In a study of 194 women with DCIS
meeting LORIS trial eligibility criteria, the 10-year in-breast recurrence rate was 10.3%, and the 10-year rate of invasive cancer was 6%
[38]. In a study of patients with DCIS so minimal that there was no
residual disease in the surgical excision specimen after core biopsy,
the 10-year rate of local recurrence in the 207 patients who did not

Table 2
Trials of surveillance with no surgery in DCIS.

Age (years)
Menopausal Status
Method of Detection
Abnormality
Nuclear Grade
Comedo Necrosis
Hormone Receptor
Endocrine Therapy

LORIS [32]

LORD [33]

COMET [31]

≥46
–
Screen detected, Incidental
Calcifications only
Low grade or lower half of intermediate
No
–
Allowed

≥45
Any
Screen detected
Calcifications only
Low grade
No
–
No

≥40
<20 pg/ml Estradiol
Screen detected
Calcifications only
Grade I/II
No
ER/PR ≥ 10%
Allowed

Abbreviations: DCIS, ductal carcinoma in situ; ER, estrogen receptor; PR, progesterone receptor.
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It is clear that the proposed trials of non-surgical management will
not improve local control or survival outcomes, and whether they
will reduce morbidity is unclear. Patients treated non-operatively are
likely to require more intensive imaging follow-up and more biopsies,
leading to higher costs and more patient anxiety. In the primary
surgical setting, the need for more biopsies is associated with a
significant increase in the use of bilateral mastectomy [43]. Patients
are increasingly choosing mastectomy or bilateral mastectomy when
they are candidates for breast-conserving therapy, with concern
about recurrence cited as a factor moderately to greatly influencing
patient choice of surgical procedure for a majority of women [44].
Whether patients will be accepting of enhanced surveillance or, in
the case of those with DCIS, endocrine chemoprevention to avoid a
brief outpatient lumpectomy is unclear. In an era when resources for
surgical trials are limited, the wisdom of investment in trials of nonsurgical approaches, which will benefit a minority of women with
breast cancer in order to avoid low-cost surgical procedures which
are associated with minimal morbidity, must be carefully considered.
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cancer and the administration of TDM-1 to patients with HER2
overexpressing breast cancer significantly prolongs disease-free and
overall survival. The next generation of neoadjuvant studies
determines the need for additional treatment based not only upon
the presence of residual disease but also the quantity, something
which cannot routinely be determined from fragmented core biopsy
specimens. Thus, strategies for determination of pCR which are
potentially less accurate than evaluation of surgical specimens have
the potential to result in undertreatment which could decrease
survival.
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Clinical Benefit in the Treatment of Patients with Early Breast Cancer
Tal Sella, MD and Ann H. Partridge, MD, MPH*,†
Department of Medical Oncology, Dana-Farber Cancer Institute, Boston, MA

A B S T R A C T

Adjuvant therapy

Adjuvant treatment for early breast cancer involves multiple modalities with distinct toxicities and varying
relative contributions to the improvement of long-term outcomes. In many situations the expected benefits of
treatment may be modest and thus debated, and even in higher risk scenarios, when treatment is clearly
indicated, several options are available with varying schedules and toxicities. Regulatory and professional
society guidelines defining clinical benefit are available to guide decision-making, but do not capture clinical
meaningfulness. There is wide variation among patients regarding the expected improvement in outcomes
sufficient to make adjuvant chemotherapy or endocrine therapy worthwhile. While many consider small
improvements in outcomes meaningful, some need greater benefit, and a small minority prefer to avoid
adjuvant therapies at any rate. Shared decision making has a central role in bridging between clinical evidence,
multiple treatment alternatives and patient preferences in the adjuvant treatment of early breast cancer. It is
associated with increased patient involvement and responsibility, satisfaction, quality of life and in some
instances increase the likelihood of accepting adjuvant treatment. A current understanding of evidence and
clinical guidelines, combined with the skills to elicit and appreciate individual patient preferences, is necessary
to determine an optimal treatment approach for every individual with breast cancer.
© 2019 Elsevier Ltd. All rights reserved.
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Breast cancer mortality has improved in the last 3 decades, with
age-adjusted breast cancer mortality rates in the United States
decreasing by 30%, from 33.5% in 1988 to 23.5% in 2010 [1]. In women
under 70 years of age, most of the stage-specific survival improvement is unexplained by tumor size and estrogen receptor (ER) status,
suggesting a key role for treatment [2]. During this period the
adjuvant therapy for breast cancer has become more intricate,
involving multiple therapeutics including – multiple chemotherapies, anti-HER2 antibodies and small molecule inhibitors, endocrine
therapies and anti-bone resorption agents – each contributing an
additional modest to major relative survival benefit [3]. At the same
time, much recent progress in local and systemic therapy has focused
on better defining which patients need more treatment, and which
patients might be spared [3]. Concomitantly, we have identified
subgroups who often have unique needs, such as very young or
elderly patients or BRCA 1 and 2 mutation carriers, and developed
even more tailored approaches to improve their outcomes [4].
As primary advisors to the patient, and in the spirit of shared
decision making, the multidisciplinary physicians who subspecialize
in oncology are charged with the often complex task of providing a
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comparative assessment of the benefits and risks of a range of
available treatments while considering the patient’s various needs,
values, preferences, and limitations including financial or logistical
constraints. A key component informing these discussions is the
understanding of the clinical benefit to be derived from each
treatment and its meaning to the individual patient.
Defining clinical benefit
Definitions of clinical benefit, evidence of which is required by
regulatory agencies including the U.S. Food and Drug Administration
(FDA) for drug approval, have evolved over time [5]. A focus on
objective response rate (ORR) in the 1970’s evolved to more direct
measures of clinical benefit in the 1980’s, such as improvements in
overall survival (OS), quality of life, physical functioning, or tumorrelated symptoms. As larger improvements in inhibition and delay of
tumor growth have been seen, additional endpoints based on tumor
assessments have been adopted, including progression-free survival
(PFS), ORR with a focus on degree and durability in metastatic
settings, and disease-free survival (DFS) in the adjuvant settings. In
medical literature, the term “clinical benefit” has also been ill defined,
at times referring to the broad concept of clinical efficacy or to a
specifically defined endpoint. In the 1990’s composite clinical benefit
endpoints were designed based on assessments of pain, performance
status, weight and/or opioid consumption, and used to show the
efficacy of gemcitabine and mitoxantrone-prednisone, in metastatic
pancreatic and prostate cancers, respectively for example [6,7].
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In making recommendations for the adjuvant treatment of breast
cancer there is often more than one option, entailing different
potential therapeutic effects and toxicities. Patient centered discussions are critical particularly in clinical situations where expected
benefits of therapy may be modest such as the role of chemotherapy
in the adjuvant treatment of small HER2 positive or triple-negative
cancers or hormone receptor positive cancers with intermediate
genomic risk scores and are recommended in professional guidelines
[14]. Even when chemotherapy or endocrine therapy are clearly
indicated, protocols vary in duration, intensity of visits and toxicities,
requiring additional decision making. Furthermore, patient preferences have a pivotal role in surgical decisions, opting for mastectomy
or breast conserving surgery with radiotherapy, and in selecting
between multiple available breast radiotherapy strategies [15,16].
Several studies have sought to determine what magnitude of
benefit patients require to accept a recommendation for chemotherapy (Figure 1). Such evaluations are often interrogated through a
probability trade-off method where subjects are asked to consider the
probability of potential benefits and risks associated with a specific
treatment, and thereafter define their minimal-required benefit for
treatment in scenarios of increasing or decreasing hypothetical risk/
benefit. In a 2014 review of four such studies most patients judged
small survival benefits sufficient to make chemotherapy worthwhile
[16]. When presented as an increase in 5-year survival rate, the
median required benefit ranged from 0.1%–7% and 2%–19% of patients
would refuse adjuvant chemotherapy irrespective of benefit. When
presented as a lifetime increase, most participants found benefits
ranging from 1-day to 0.8 years sufficient, however, 1%–10% would
refuse chemotherapy regardless. In one study of patients who had
completed doxorubicin-cyclophosphamide (AC) and/or cyclophosphamide-methotrexate-5FU (CMF) adjuvant chemotherapy, 52%–55%
of women judged a 1 day or 0.1% benefit to be sufficient [17]. In a
contemporary cohort of women who received the current standard
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However, a review of clinical trials published between 1997–2009
found that only 28% of trials used a more patient-centered definition
of clinical benefit while the remaining 72% applied a tumor responsebased definition [8]. The authors proposed to limit the use of clinical
benefit to patient-centered outcomes, an improvement in the
duration and/or quality of survival [9].
As more recent advances in cancer biology and drug development have ushered in the approval of many new and more
expensive cancer medicines, increased attention has focused on the
clinical relevance of the statistical improvements observed in some
of registration trials [10]. In light of this increasing concern, in 2015
the American Society of Clinical Oncology (ASCO) and The
European Society of Medical Oncology (ESMO) both released
frameworks for assessing the value of treatments, both including
a standardized definition of clinical benefit as a key component.
The ASCO value framework combines elements of clinical benefit,
toxicity and symptom palliation derived from a comparative clinical
trial into an ordinal net health benefit (NHB) scale [11]. In
determining clinical benefit in the adjuvant setting, OS is preferred
to DFS, with hazard ratios (HR) preferred to absolute percentage
differences and bonus points awarded for an improved “tail,”
reflecting a substantial improvement in a minority of patients. In
contrast, ESMO’s Magnitude of Clinical Benefit Scale (MCBS)
provides a threshold for the determination of clinical benefit [12].
For adjuvant therapies, a high clinical benefit is defined as MCBS
grades A or B, essentially requiring an absolute improvement in
OS ≥ 3% at 3-years follow-up, a HR ≤ 0.8 for DFS if OS has not yet
matured or a reduced treatment toxicities/cost in the presence of
non-inferior OS/DFS. Discordance between frameworks is not
uncommon, highlighting the challenge of standardizing clinical
benefit [13]. Authors of both scales stress that these assessments of
clinical benefit do not always harmonize with “clinical meaningfulness.” Thresholds may be higher or lower for individual patients,
as a function of age, performance status, comorbidities, personal
goals and values [11,14].
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Fig. 1. Percentage of patients willing to consider chemotherapy by survival benefit required. sum of patients answering “definitely worthwhile” and “maybe worthwhile.”
2
3
given 5 years survival without treatment. approximation from graphic. References: Vaz luis [18], Lindley [19], Simes [34], Duric [23], Ravdin [35].
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Physician perspectives

The discordance between the benefits accepted by patients in order
to endure adjuvant therapy compared to those of health providers is
well documented. Slevin et al found that while cancer patients
judged a median 1% chance of cure sufficient to accept intensive
chemotherapy, cancer treating doctors required a 10% chance, and
healthy controls required an even higher 50% chance [25]. In a recent
survey of physicians enrolling patients to a clinical trial entailing
adjuvant ACT chemotherapy for breast cancer, significantly fewer
physicians were willing to accept chemotherapy for a modest 2month survival benefit (5% v. 34% of patients) [18]. Rates of
acceptance of chemotherapy increased with superior hypothetical
survival benefit and were similar to those of patients’ when a 9month benefit was presented (51% v. 53%).
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Fewer efforts have been made to understand the benefits women
judge necessary to make adjuvant endocrine therapy worthwhile
[16]. Thewes et al interviewed 102 women age 40 years or younger
who had completed at least 3 months of adjuvant endocrine therapy
– 27% tamoxifen and Goserelin/oopherectomy, 66% Tamoxifen alone
and 7% Goserelin alone [21]. Half of the participants required that
endocrine therapy add a minimum of 3 months of additional survival
given a life expectancy of 5 years without endocrine therapy. A
similar proportion judged an absolute 2% gain in probability of
survival worthwhile, irrespective of baseline prognosis. Only facing
more severe endocrine therapy related side-effects was associated
with requiring larger gains to make therapy worthwhile. Similar to
the minority of patients who would refuse chemotherapy for any
benefit, 2%–7% would refuse endocrine therapy even if chances of
survival were to improve to 100%, However, this is probably an
underestimate since women refusing to initiate endocrine therapy
were excluded from this study. Duric et al interviewed 85 women age
50 years or younger who completed 2 years of adjuvant endocrine
therapy – 50% Tamoxifen and Goserelin, 35% Tamoxifen alone, 8%
Goserelin alone, 7% no adjuvant endocrine therapy [22]. Women
expressed notably high thresholds for benefit: only about 20% of
women would accept a 3-month survival gain as sufficient with half
setting the bar as high as 3 years. Larger benefits were required by
women who had longer treatment, worse side effects, and who
received Goserelin alone. Compared to Thewes et al, women in the
study by Duric et al were older (≤54 y v. ≤40 y), received less
chemotherapy (35% v. 78%) and more Goserelin (58% v. 34%%). These
differences may potentially explain the disparate observations and
could be of interest for further study. Contrasting with the above
studies where women were able to base their preferences on their
experience with endocrine therapy, Hamelinck et al. interviewed
patients prior to their receiving a recommendation for any adjuvant
therapy [20]. A median 8%–10% minimal benefit in 10-year DFS was
required for endocrine treatment to be worthwhile (compared to
4%–5% for chemotherapy).
While it is important to note that none of these studies were
designed to compare preferences for chemotherapy to preferences
for endocrine therapy, it seems that at least some patients require
greater benefits from endocrine therapy than chemotherapy.
Conclusions cannot be drawn; however, these findings highlight
the burden associated with endocrine therapy and perhaps the ability
to discount the toxicities of chemotherapy among some patients.
Wouters et al examined women’s trade-off preferences in choosing
between hypothetical endocrine therapies differing in efficacy, side
effects and duration of therapy and found that one in six women
considered an endocrine therapy’s efficacy secondary to its drawbacks [23]. Further research is needed to clarify preferences regarding
newer approaches of endocrine therapy including extended duration,
aromatase inhibition and ovarian suppression.

Studies have consistently shown factors relating to quality of life
and specifically the burden of toxicity to be significant predictors
patients’ preference for treatment [15,24]. However, most studies
assessed toxicity after an initial experience with treatment, not as
pretreatment perception, thus of limited utility in pretreatment
counseling. On the other hand, readily available clinical characteristics, such as tumor features (i.e. lymph node involvement) and
sociodemographic characteristics (i.e. age, ethnicity, marital status,
education, employment) were not generally predictive of treatment
preferences [16,24]. Hamelinck et al prospectively compared preferences in younger (40–64) to older (≥65) breast cancer patients
[20]. While a greater proportion of older patients would refuse
chemotherapy (24% v. 4%, p = 0.005)), but not endocrine therapy (17%
v. 8%, p = 0.12), the clear majority would consider both therapies. The
inconsistency of these predictors across studies highlights the
heterogenicity among women dealing with early breast cancer, and
the extent to which these choices are individualized cannot be
underestimated.
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Predictors of preferences
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AC-paclitaxel (ACT) chemotherapy, not included in the review, 24%
would consider treatment for only a 1-month survival benefit [18].
While patients’ preferences for chemotherapy increased as proposed
benefit increased, a small minority (2%) of these survivors who had
themselves received chemotherapy insisted they would decline
treatment even for a 24-month advantage. Among another cohort of
breast cancer survivors, Lindley et al found those who received
chemotherapy to be significantly more willing to accept lower
outcome improvements than those who had not received chemotherapy, possibly eluding to a choice-supportive bias [19]. When
surveyed prospectively, post-surgery and prior to any adjuvant
systemic therapy recommendation, a median 4%–5% 10 year DFS
benefit was minimally required to accept chemotherapy [20].
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Shared decision making
Shared decision making has been defined as an approach where
clinicians and patients when faced with the task of making decisions
share the best available evidence, and where patients are supported
to consider options to achieve informed preferences [26]. Shared
decision-making in medical decisions is associated with better
outcomes including better patient satisfaction, better informed
patients, better decision quality and adherence, and lower costs,
fewer complaints and less litigation [27]. This approach is recommended in situations where multiple treatment alternatives are
available without one being clearly superior including the adjuvant
treatment of early breast cancer [28]. Among breast cancer patients,
shared decision making is associated with increased patient
involvement and responsibility, satisfaction, quality of life and in
some instances increase the likelihood of accepting adjuvant
treatment [29,30]. Nevertheless, underutilization of this strategy in
the discussion of adjuvant therapy has been reported by several
investigators [31,32]. While the principles of shared decision making
are well known, implementation is unclear. Elwyn et al have
proposed a pragmatic framework for accomplishing shared decision
making based on the integration of communication skills with
patient decisions support tools [33].
Conclusion
Adjuvant treatment of early breast cancer entails multiple modalities
with distinct toxicities and varying relative contributions to the
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improvement of long-term outcomes. Regulatory and professional
society guidelines defining clinical benefit are available to guide
decision-making, but do not capture clinical meaningfulness.
Patients, as well as physicians, are heterogenous in how they define
a treatment to be beneficial, and while most consider a small
improvement in outcomes to be meaningful, preferences vary widely
with a small minority opting to avoid adjuvant therapies at any rate. A
current understanding of evidence and clinical guidelines, combined
with the skills to elicit and appreciate individual patient preferences,
is necessary to determine an optimal treatment approach for every
individual with breast cancer.
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