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Abstract
Purpose of Review The introduction of mammographic screening programmes has resulted increasing numbers of women with
small breast cancers with biologically favourable characteristics. Many of these cancers may represent overdiagnosis, with a
resulting treatment burden for women and healthcare costs for providers. Here, current surgical approaches to the treatment of
such tumours are reviewed, together with alternative approaches to their management.
Recent Findings The surgical treatment of small, screen-detected breast cancers with biologically favourable characteristics has
been extrapolated from the management of symptomatic breast cancers. There is no prospective randomised evidence for
conventional open surgery compared with other approaches in this setting. A number of minimally invasive techniques, most
notable vacuum-assisted excision, have been described for the management of these tumours, but at present, there is a lack of
high-quality evidence to support their routine use. There are currently ongoing randomised trials evaluating risk-adapted surgical
and minimally invasive approaches to the management of good prognosis disease.
Summary It is possible that the surgical treatment of good prognosis screen-detected breast cancers may be de-escalated.
However, high-quality evidence from ongoing prospective randomised trials will be required in order to change clinical practice.
Keywords Breast cancer . Breast screening . Surgery . Minimally invasive surgery . Vacuum-assisted excision

Introduction
Breast cancer is the most common female cancer worldwide,
accounting for 11.6% of all malignancies, with an estimated
2.1 million cases in 2018 [1]. The incidence of breast cancer
has continued to increase over the last few decades, with the
most marked increases seen in areas with a historically low
incidence of the disease [2]. However, in many countries
where national breast screening programmes were introduced,
there were short-term sharp increases in breast cancer incidence. For example, in England and Wales, a sharp increase
in the age standardised incidence of breast cancer was seen in
the population aged 50–64 following the introduction of
screening for this age group; this increase was not mirrored
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in non-screened women [3]. Similar increases in incidence in
women of screening age have been observed in the USA [4].

Breast Screening and Overdiagnosis
Since the inception of mammographic screening programmes,
it is clear that there has been a disproportionate increase in the
incidence of small breast cancers, without a comparable reduction in the number of larger tumours. Using US SEER
data, Welch et al. demonstrated an increase in the incidence
of tumours <2 cm in size from 36 to 68%, following the
commencement of screening [5•]. Although a smaller proportion of larger tumours were seen after screening was introduced, this was as a direct consequence of diagnosis of more
small tumours rather than due to a reduction in the numbers of
large cancers being diagnosed.
Historically, tumour anatomical factors such as size and
regional lymph node status have been used to guide
decision-making about prognosis and adjuvant therapies;
however, emerging data indicates that tumour biology rather
than anatomy is key to breast cancer prognosis [6]. Indeed,
Lannin and Wang demonstrated using SEER data that large,
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favourable breast cancers may in fact have a better prognosis
than small tumours with unfavourable biological characteristics [7••]. Although conventional histopathological tumour
features such as grade and receptor status may be considered
rather crude reflections of tumour biology, similar relationships have been seen using molecular assays. For example,
in the TAILORx trial, patients assessed as having a low recurrence score using the Oncotype Dx 21-gene assay had a similar excellent prognosis irrespective of tumour size ≤2 cm versus >2 cm [8]. It is thus clear that a proportion of small tumours with favourable biological characteristics have an excellent prognosis, with 10-year breast cancer–specific survival
approaching 100% in the large series reported by Lannin and
Wang [7••]. There is therefore little doubt that a proportion of
patients detected by mammographic screening represent
overdiagnosis—that is, the diagnosis of a tumour which never
becomes clinically apparent during the patient’s lifetime.
An alternative definition proposed for overdiagnosis is that
of Etzioni et al., who define overdiagnosis as that which occurs when the time to death from a cause other than cancer is
less that the lead time—as the critical issue is not whether the
tumour ultimately progresses, but rather whether it progresses
within the lifetime of the patient [9]. Modelling by Lannin and
Wang, using SEER data with different estimates of overdiagnosis, estimated lead times lying between 8.9 and 44.9 years
for tumours with biologically favourable characteristics [7••].
Concerns around overdiagnosis and the consequent potential
harms of breast screening led in the UK to the commissioning
of an Independent Panel Review of screening [10]. Published
in 2012, the Marmot review concluded that for 10,000 women
screened at a three-yearly interval for 20 years, commencing
at age 50, 43 breast cancer deaths would be prevented and 129
cases of non-invasive and invasive breast cancer would be
overdiagnosed—so 1 breast cancer death would be prevented
for about every 3 overdiagnosed cases of breast cancer.
Thus, it is very clear that mammographic screening
programmes result in the identification of a sizeable group
of patients with biologically favourable tumours, which are
unlikely to progress in a patient’s lifetime, but which will
carry a significant psychological and treatment burden for
these women.

Surgical Treatment of Good Prognosis Breast
Cancer
Although in recent years there have been increasing attempts
to personalise systemic therapies for breast cancer, there is
currently no individualised approach to the surgical treatment
of such patients. The surgical treatment of screen-detected
breast cancers has been directly extrapolated from the management of symptomatic disease and has evolved from extensive surgical approaches such as radical mastectomy, through

to the widespread introduction over the last 3 decades of breast
conserving surgery, as introduced by Bernard Fisher and
Umberto Veronesi in their pivotal trials [11, 12]. The vast
majority of patients with biologically favourable small breast
cancers will be treated with breast conserving surgery—in the
UK in 2018, 89% of screen-detected invasive tumours less
than 15 mm in maximum diameter underwent breast conserving procedures [13]. However, there remains low but not insignificant morbidity associated with breast conservation.
Complications may include wound, infections, and thrombotic and bleeding complications, and in a large US series, the
incidence of these was estimated at just under 2% [14].
Importantly, however, breast conservation surgery may be
associated with poor cosmetic outcomes, which have been
shown to have a concomitant impact on quality of life and
psychosocial morbidity [15]. Furthermore, despite the fact that
breast conserving surgery has been a standard part of the management of breast cancer for over two decades, until recently,
there has been lack of consensus on what constitutes an adequate clear resection margin around the tumour, with up to 1
in 4 women reportedly undergoing a repeat procedure to attain
wider margins [16]. Although consensus guidance has now
been published on optimal margin width, there remains a significant proportion of women undergoing repeat surgery following breast conservation for good prognosis tumours [13,
17]. Such repeat surgery clearly carries the risks of additional
discomfort, complications, and poorer aesthetic outcomes for
these patients, as well as increased healthcare costs for
providers.
Additionally, patients with screen-detected biologically
favourable cancers generally undergo surgical staging of the
axilla, in the form of an axillary sentinel lymph node biopsy.
As with breast conserving surgery, the morbidity of SLNB is
low but is not negligible, with a reported incidence of 5% for
arm lymphoedema and 11% for sensory disturbance in an
early randomised trial comparing the two [18]. However, the
vast majority of patients with small, low-grade breast cancers
do not have nodal disease, and consequently, such patients are
unlikely to benefit from surgical axillary staging.
Furthermore, it would appear that a low burden of axillary
nodal disease can be controlled by adequate adjuvant therapies, as shown in the long-term follow-up from the American
College of Surgeons Oncology Group Z0011 trial, where patients with a positive SLNB randomised to no further axillary
surgery had no disadvantage in terms of axillary recurrence or
overall survival at 10 years, when compared with those having
completion ANC [19•]. Given that the majority of patients
with nodal involvement can be identified following radiological and cytopathological assessment at diagnosis, there is
increasing interest in potentially omitting surgically staging
of the axilla in such cases. Retrospective data suggests that
patients who do not undergo surgical axillary staging do not
have high rates of regional recurrence and have favourable
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disease-free survival (1.9% and 91.2% respectively at 10 years
in one UK series) [20]. The omission of SLNB in early breast
cancer is currently being investigated in several randomised
controlled trials in Europe [21–23].
Therefore, there is clearly a population of patients diagnosed with early breast cancer, largely through mammographic screening programmes, which is likely to be overdiagnosed,
and therefore, the use of standard surgical treatment for these
cancers may well represent overtreatment, with attendant morbidity and healthcare costs. As highlighted by the UK
Independent Panel on Breast Screening, there is a pressing
clinical need for alternate treatment strategies for this patient
group [10].

Alternative Approaches to Treatment
for Good Prognosis Tumours
Given that the majority of the small, biologically favourable
breast tumours detected in breast screening programmes may
well represent overdiagnoses, there is no prospective evidence
that open surgical treatment of these tumours is required.
Thus, it is increasingly important that minimally invasive
techniques be developed for use in this setting, in order to
minimise the treatment burden for patients. Numerous
image-guided ablation techniques, using energy to destroy
tumour cells, including radiofrequency ablation, cryoablation,
high-intensity focused ultrasound (HIFU), and laser ablation
have been described in breast cancer and have been comprehensively reviewed in a recent meta-analysis [24•]. Although
these techniques were shown to have high technical success
rates (96%), where the operator was able to complete the ablation procedure, technique efficacy (defined as complete ablation of the lesion of interest, following subsequent surgical
excision of the lesion) was much lower in this meta-analysis,
ranging from 49% for HIFU up to 90% for microwave ablation. However, these were all small studies (with a mean study
size of 24 patients), and although mostly prospective, they
were cohort studies with no control arm. Furthermore, ablation studies, by their nature, disrupt the tumour tissue, meaning that no tissue is available for histopathological assessment.
An approach which excises rather than ablates the tumour
may be more desirable, and the Intact Percutaneous Excision
(IPEX) Registry Study describes a minimally invasive approach to the excision of small tumours, where radiofrequency
basket capture is used to remove lesions intact for histopathological assessment, including margins [25•]. Using the Intact
system, Whitworth et al. described a prospective cohort study
of 72 small invasive breast cancers and 52 DCIS lesions excised using this methodology, achieving an 81% rate of clear
resection margins following percutaneous excision [25•].
Again, however, this represents a prospective cohort study,
and there is no doubt that in order to change clinical practice

in this setting, prospective randomised evidence will be
required.

Vacuum-Assisted Excision of Small Breast
Cancers
Furthermore, many of the techniques discussed above for the
minimally invasive treatment of small tumours require specialist equipment and expertise which is not readily available
or indeed scalable across healthcare systems. However,
vacuum-assisted needle biopsy and excision (VAB/VAE) is
a technique which is in widespread use globally for the diagnosis and management of breast lesions. Vacuum-assisted excision uses a larger calibre needle than core needle biopsy (up
to a 7G needle) and has the advantage that multiple cores of
tissue can be taken with the needle remaining in situ after a
single pass. It is generally carried out under local anaesthesia
as an outpatient procedure and may be done under stereotactic
or ultrasound guidance. Initially described in 1996 for diagnostic use, VAE has evolved and been utilised as a tool for the
non-surgical excision of benign breast lesions [26–28].
However, the increased volumes of tissue obtainable using
VAB/VAE approaches has meant that the technique can be
successfully used for the diagnosis and definitive management
of lesions of uncertain malignant potential (BI-RADS3 lesions
[29]). There is now a substantial weight of published data
suggesting that VAE can be safely used for the management
of such lesions, with complete excision possible in the majority of cases, enabling many women to avoid surgery [30, 31].
Fine et al. have suggested that post VAE imaging can accurately estimate complete lesion removal in over 90% of cases,
and a recent report by Perretta et al. demonstrated a complete
excision rate of BI-RADS3 lesions of 93.6% after VAE [32,
33]. Perretta et al. also noted that favourable US features such
as circumscribed margins were associated with complete excision. Furthermore, data suggests that the approach is welltolerated and accepted by patients [34]. Indeed, in the UK, the
use of VAB and VAE for the management of such lesions is
now part of clinical guidance within the NHS Breast
Screening Programme, and the technique is approved by the
National Institute of Health and Care Excellence for the excision of benign lesions. [35].
It is clear therefore that there exists a group of small,
screen-detected breast cancers with an indolent nature, many
of which may represent overdiagnoses, and where there is a
need to reduce the treatment burden for our patients. Vacuumassisted excision appears to be a widely available technique,
with which there is extensive radiologist and surgeon experience and is acceptable to patients, which could potentially be
developed for the treatment of such tumours. There is currently little data on the use of VAE to treat invasive or in situ
malignancy. He et al. reported a series of 126 patients
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undergoing VAB and reported complete excision rates of
37.3% [36]. However, this was a retrospective series of patients undergoing VAB for radiologically benign lesions of
maximum size 3 cm, where the intent of the procedure was
diagnostic rather than therapeutic. Given the findings of previous studies, which suggest that much higher rates of complete excision can be achieved with careful selection of patients based on lesion size and imaging features, it seems likely that much higher rates of excision can be obtained, comparable with the rates of complete excision seen after open breast
conserving surgery. There is therefore sufficient evidence regarding the efficacy and acceptability of VAE to support its
repurposing for the treatment of small, impalpable and biologically favourable screen-detected breast cancers. However, to
change practice in this regard will require prospective
randomised evidence from a clinical trial, and the UK
SMALL trial, funded by the National Institute for Health
Research Health Technology Assessment programme, seeks
to generate such evidence [37•].

The UK SMALL Trial
SMALL is a prospective, randomised (2:1) phase III trial of
minimally invasive VAE versus conventional open surgery in
patients with small, biologically favourable screen-detected
breast cancers. The study aims to generate high-quality evidence to support safely reducing the extent of surgical treatment for a highly selected group of patients. The key study
questions in SMALL are whether:
&
&
&

The extent of surgical treatment in this patient group can
be safely reduced in the context of standard adjuvant radiotherapy and endocrine therapy
VAE is non-inferior to conventional surgery in terms of
the need for a second procedure to achieve complete resection of the tumour
There is an acceptable rate of local recurrence following
VAE with long-term follow up.

Patients randomised to VAE will undergo placement of the
clip at the tumour bed at the time of their procedure.
Completeness of excision will be assessed radiologically following VAE, and patients in whom no residual lesion is visible will proceed to adjuvant radiotherapy to the breast and
endocrine therapy. The study schema and key eligibility
criteria are shown in Fig. 1.
SMALL has a novel trial design, with two co-primary
endpoints. The first is a randomised non-inferiority comparison of the requirement for a second procedure to
achieve complete resection between the two treatment approaches. The requirement for re-excision following
breast conserving surgery is estimated at 20%, based on

current UK data from the Association of Breast Surgery
and Public Health England Breast Screening Audit [13].
Given the complete excision rates following VAE for lesions <15 mm in diameter have been reported as approaching 100%, it was considered that incomplete excision rates should be comparable in both arms [26].
Therefore, after consultation with patient advocates, it
was felt that a non-inferiority margin of 10% would be
appropriate for this outcome. While this is a wider noninferiority margin than might normally be considered acceptable in an oncology study, this is not a survival or
recurrence outcome. Patients with failed VAE will require
standard surgery, which would have been their treatment
pathway had they not entered the study. Therefore, a wide
margin non-inferiority was considered acceptable for this
trial.
Subsequent single-arm follow-up of the VAE arm patients
will then allow determination of local recurrence rates in this
group. Local recurrence rates following conventional surgical
excision and whole or partial breast radiotherapy are known to
be extremely low (1% at 5 years in the UK IMPORT-LOW
study) [38]. SMALL aims to show that the surgical treatment
of good prognosis tumours can be de-escalated while maintaining acceptable local control. With such low event rates, a
randomised non-inferiority comparison of local recurrence
rates in the two study arms is numerically prohibitive.
However, to change practice, it is necessary to demonstrate
that local recurrence rates following VAE remain low, and
therefore, local recurrence rates in the study should not exceed
a pre-defined limit of 3%, and this will be continually monitored throughout the study by the Independent Data
Monitoring Committee. Again, this threshold has been set in
close conjunction with patient advocates, and is set in recognition that in this cohort, local recurrence is not a lifethreatening condition and is salvageable with further surgical
treatment. This “acceptable threshold” approach is in line with
other risk-adapted studies evaluating treatment de-escalation
in the UK [39].
Following VAE, completeness of lesion excision will
be assessed radiologically, with placement of a marker
clip at the tumour bed at the time of the procedure.
Post-procedure mammograms will be carried out both to
check clip position and to ensure lesion removal. Where
significant haematoma obscures radiological assessment,
ultrasound, haematoma aspiration, and repeat mammography at a 4–6-week interval will be used as necessary to
confirm lesion exision. These findings will be taken in
conjunction with the operating clinician’s impression of
completeness of removal at the time of the initial procedure. No formal histopathological assessment of excision
margins will be carried out following VAE. It is important
to recognise that even after conventional surgery, a clear
resection margin does not mean that there is no residual
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Fig. 1 The SMALL study
schema and key eligibility criteria

tumour in the breast; rather, it implies that the remaining
tumour burden is sufficiently low that it can be adequately
treated with adjuvant therapies. Data suggests that where
additional surgery is not carried out to clear focally involved margins, acceptable local recurrence rates (<3%)
can be obtained at 5 years in the context of adjuvant
radiotherapy and endocrine therapy [40]. Patients in the
VAE arm will have adjuvant radiotherapy and endocrine
therapy mandated; this can be prescribed according to
local protocols. Adjuvant radiotherapy and endocrine
therapy in the standard surgery arm of the trial may be
given (or omitted) according to local MDT practice,

including the use of partial breast radiotherapy in line
with UK guidance.
Secondary outcome measures in the trial will assess the
psychological and aesthetic impact of VAE in comparison
with standard surgery and a full health economic analysis will
be carried out, as there are significant healthcare cost savings
associated with VAE rather than standard surgery. SMALL
will also employ an integrated Qualitative Recruitment
Intervention (QRI) to explore challenges and barriers to trial
participation. The QRI is a novel approach using qualitative
and mixed methods research which is aimed at optimising
recruitment and informed consent to the study and has been
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shown to support recruitment to time and target in other challenging randomised trials [41, 42]. SMALL will require recruitment of 800 patients over 4 years, with a subsequent
follow-up period of 5 years.
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