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Introduction
Breast cancer is the commonest cancer in women in the United Kingdom (UK), with
over 50,000 new cases diagnosed each year. Over the next decade the evolving
advances in science, technology and its applications will undoubtedly have a major
influence on delivery of health care and training. Here we set out our vision on impact of
innovations in science and technlogy on the future surgical management of breast
cancer.
Genetics and Genomics for Improved Risk Profiling
Genomic medicine is likely to improve the selection of neoadjuvant and adjuvant
systemic therapies for breast cancer. Increasing use of sequencing technologies will
identify therapeutic targets at an individual level, making precision medicine for breast
cancer patients a reality. Finally, liquid biopsies, will be in use for the quantification of
circulating tumour DNA, and these will likely have utility for screening and early
detection of breast cancer, as well as disease monitoring and early detection of
recurrence [1].
While mutations in high-risk breast cancer predisposition genes such as
BRCA1/2, TP53 and PALB2 have been identified , it seems unlikely that mutations in
coding regions of additional genes will be identified to account for missing
hereditability of breast cancer. Thus, it is likely that either non-coding and splice site
mutations, or the contribution of multiple breast cancer-susceptibility alleles (with
much lower effect sizes) will be studied, allowing development of polygenic risk scores.
In turn, this will permit a more individualised approach to screening and prevention, as
more sophisticated approaches to predicting risk for a given individual can be adopted,
and this will have clear implications for the surgeons given that the risk management of
these patients remains the province of the breast surgeon.
In genomic terms, the somatic mutational landscape of normal tissue (predating
development of proliferative or malignant lesions), is not well understood, although in
some tissue types it has been shown that within normal tissue a significant somatic
mutational burden (comprising frequent known cancer driver mutations) can be
identified [2]. More detailed study of this landscape will improve our understanding of
tumour initiating events and possible pathways of tumourigenesis. This in turn will
allow for more individualised approaches to prevention, as well as development of
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temporal biomarkers of genomic instability in high-risk patients, aiding surgeons to
guide the optimal timing of risk-reduction surgery.
Early Lesion Localisation and Minimally Invasive Therapies
In the future, we anticipate less invasive procedures being able to adequately treat
breast cancers, using techniques ith proven success in the treatment of other solid
tumors. Specifically, percutaneous ablation procedures including radiofrequency
ablation (RFA), cryoablation, interstitial laser therapy, microwave thermotherapy, and
high intensity focused ultrasound (HIFU) ablation are all able to successfully induce
coagulative necrosis with a low side-effect profile but complete ablation is not achieved
consistently (1). RFA, which is the most frequently applied, is a short procedure with a
relatively high complete ablation rate of breast cancer especially under 2 cm (2, 3).
HIFU is a relatively novel technique with the lowest complication rate of all, it is entirely
non invasive requiring no incision at all and its human application under MRI guidance
is under investigation (MR-HIFU) although cost effectiveness has been questioned
mainly due to the length of the procedure (4). In addition, non-surgical ablation when
combined with immune modulator treatment may be beneficial to induce abscopal
effect in metastatic breast cancer in particular after cryoablation (5). As cryotherapy is
the only ablative method, which leaves tumor-associated antigens intact it is in the
focus of interest of studies on treatment strategies that combine checkpoint blockade
with local therapies. Potentially favourable intratumoral and systemic antitumour
immunologic effects can be induced when cryotherapy in combination with immune
modulator therapy is applied prior to definitive surgical treatment too (6). Potential
advantages of these non-surgical ablative procedures include the ability to perform this
procedure under local anesthesia on an outpatient basis, reducing the complication rate
and severity of these, reducing recovery time and reducing scarring, therefore
potentially improving patients’ quality of life. It may also reduce treatment cost, and
adjuvant therapy may be administered faster after ablative treatment, in the absence of
a wound requiring healing. In addition these procedures could be considered as a
possibility for downsizing the effect of overdiagnosis and overtreatment, thus following
a less aggressive approach to breast cancer therapy.
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HIFU: High intensity focused ultrasound (HIFU) (e.g. EchoPulseTM, Theraclion, Malakoff,
France), is where focused ultrasound beams act as a high-frequency pressure wave to
rapidly heats tissue (60-95 degrees centigrade) causing precise denaturisation and
coagulative necrosis. HIFU ablation of fibroadenomas has demonstrated decreased pain
and lesion volume compared to controls26,27 but data is still inconsistent with regards to
treatment of breast cancer.28


Cryotherapy: A probe is introduced into a lesion and an iceball is formed to
rapidly freeze tissue. Liquid nitrogen cryotherapy systems are being used to
treat patients with fibroadenomas, performed under ultrasound guidance in an
outpatient environment. The low temperature has analgesic effects. A
multicentre phase II trial to treat invasive breast carcinoma demonstrated that of
86 patients, 75.9% of the cancers were successfully ablated.29



Laser: A focused beam of energy causes direct heating of the targeted tissue.
NovilaseTM (Novian Health, Illinois, USA) has received FDA 510(k) clearance for
the treatment of fibroadenomas (≤2 cm), benign breast tumors, and ablation of
soft tissue. Small studies have evaluated use of lasers for the treatment of
fibroadenoma30 and breast cancer31. Results revealed 97% of fibroadenomas
reduced in size on follow up30 and complete pathological ablation was achieved
in 88% of tumours smaller than 2cm, but only 17% in tumours greater than
2cm31. Multicentre trials to further evaluate the use of laser ablation for breast
cancer are ongoing (e.g. BR-002, "Ablate and Resect" Study of Novilase®
Interstitial Laser Therapy for the Ablation of Small Breast Cancers and
“Laserbreast1”, Study of local treatment by thermic Destruction of primitive
breast cancer.)



Radiofrequency Ablation (RFA): Electrosurgical ablation uses high frequency
current via needle electrodes under ultrasound guidance causing coagulative
necrosis to the surrounding tissues. Studies investigating the use of RFA for
breast cancer have demonstrated complete ablation in 85%-92.5% of lesions
(<2cm)32-34. However, during a direct comparison, authors preferred the use of
cryotherapy due to increased patient compliance and the inherent analgesic
effects as a result of freezing.33
5

Microwave ablation: This technique uses electromagnetic waves to produce tissue
heating resulting in localised necrosis. Recent studies have demonstrated successful
ablation of benign breast lesions (82-100%)35,36 and high rates of complete pathological
malignant tumour ablation (90%)r.37


Minimally invasive lesion excision techniques (e.g. Vacuum assisted biopsy).
Vacuum assisted biopsy (VAB) allows image-guided removal of a larger
quantities of tissue compared to the conventional core biopsy technique.
Mammotome (Johnson & Johnson, New Jersey, USA) was the first commercially
available vacuum device but now there are many others including the BARD
EnCore (Bard Biopsy Systems, Arizona, USA) and the Hologic Suros Atec (Hologic
Inc, Massachusetts, USA).38 As well as the diagnostic role of VAB in achieving
optimal tissue biopsy specimens, it has also been used for the complete excision
of breast lesions. Successful management of B3 lesions has been demonstrated
with first line management of VAB, where 62% of patients avoided surgical
exicsion.39 Excision of selected B3 lesions with VAB has been supported by more
recent international consensus regarding the management of B3 lesions. 40 The
Intact™ breast lesion excision system (Medtronic, USA) uses an automated
radiofrequency electrosurgical system to excise, capture and retrieve breast
specimens.

Surgical Avoidance & Non-Operative Therapies
The concept of non-operative therapy of breast cancer or DCIS is an evolving new
paradigm. If it is proved to be safe and effective, has the potential to eliminate
postsurgical complications, improve quality of life, and decrease healthcare costs. There
has been dramatic improvement in pathologic complete response rates after neoadjuvant systemic treatment in the past decade, especially among triple-negative and
human epidermal growth factor receptor 2-positive breast cancers. This questions the
paradigm for the necessity of breast and nodal surgery in all cases, particularly when
the patient will be receiving adjuvant local therapy with radiotherapy (1).
Current trials have commenced looking at omission of breast surgery, the
ultimate breast conserving strategy, in exceptional responders after neo-adjuvant
systemic treatment (2). Such trials will, however, rely on developments in post6

treatment high quality imaging and / or image-guided percutaneous large-volume
biopsy with an adequate sampling of residual imaging abnormalities to select patients
appropriately for avoidance of breast surgery. This however will require limiting
patients for this potential approach with either a complete radiologic response or nearcomplete radiologic response for adequate pathologic assessment for residual disease.
The concept of de-escalating axillary surgery is currently trialed, too. In the context of
neo-adjuvant treatment, ongoing studies are currently questioning whether completion
axillary dissection can be safely substituted with axillary radiotherapy in patients who
demonstrate axillary response to neo-adjuvant chemotherapy (3). In the future, neoadjuvant systemic therapy may also provide the unique opportunity to avoid axillary
staging altogether in women who undergo breast conserving therapy with adjuvant
radiation after achieving pathologic complete response in the breast.
In the modern context of sentinel lymph node surgery, ongoing trials explore the
added value of sentinel lymph node biopsy over avoidance of any axillary surgery when
the axilla is both clinically and ultrasonographically negative (4). In ductal carcinomain-situ (DCIS) current trials are aiming to determine whether screen-detected low
nuclear grade DCIS can safely be managed by an active surveillance strategy (with ot
without hormonal therapy only) or that the conventional treatment - including surgical
resection - should remain the standard of care (5, 6).
Systemic or locally administered agents that are taken up by tumours to guide
intraoperative tumour localisation may represent a future tool to assist surgeons.
Nanotechnology is the development of materials in the nanometer (109m) size range.
The potential of cancer nanotechnology lies in the ability to engineer vehicles that
penetrate tumours with high specificity. Active targeting involves linking ligands to
nanoparticles that are tumour specific. Passive targeting exploits the inherent size of
nanoparticles and the wide fenestrations between endothelial cells in tumour
vasculature. For example, Gold nanoparticles conjugated to EGFR antibodies facilitate
biopsy of precancerous lesions in cervical cancer. This technique could potentially have
efficacy in breast cancer, in terms of localisation, and even in directing non-surgical
excision of small lesions, possibly even using techniques such as photothermal ablation.
Surgical techniques including local infiltration of radiotherapy-sensitising chemicals,
such as gold nanoparticles, may allow more targeted radiotherapy, facilitating higher
dose delivery to relevant tissues whilst sparing surrounding normal tissue.
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Adequately powered and prospectively conducted cohort trials are required to
confirm complete pathological ablation in all patients as all ablative techniques are
generally being evaluated in small, often uncontrolled studies that are unlikely to
change clinical practice or provide the basis for phase III trials (7, 8). Once efficacy to
achieve complete pathological ablation is confirmed, randomized controlled trials
comparing the most promising ablative technique to surgical excision as well as
comparison of ablative techniques with each other can be conducted to determine longterm treatment related and cancer specific complications. In addition trials needs to be
planned for the potential utilization of the techniques for ductal carcinoma in situ as all
the trials treated patients with invasive breast cancer or breast recurrences due to the
lack of reliable imaging tools for treatment planning and assessment of response to
treatment in ductal carcinoma in situ. Nevertheless, the disadvantage of all these
techniques is that surgical axillary staging is still required in patients with early breast
cancer so surgery cannot be avoided completely at the moment.
Optimising Breast Conserving Surgery & Minimising Re-operative Interventions
A plethora of techniques are emerging to inform the surgeon about the surgical margin
status intra-operatively and enable immediate action to reduce margin positivity and
reoperation rates. Broadly, there are four categories:
1. Imaging techniques: High frequency ultrasound is capable of high resolution
imaging with pilot data suggesting it can be used to differentiate malignant and
benign breast tissue with a sensitivity of 76.9% and specificity of 85.2%.1 Three
dimensional, high resolution, specimen images can be captured using
miniaturised specimen CT imaging systems, known as Micro-CT2 or portable MRI
scanner.3
2. Optical techniques: Raman spectroscopic probes use scattering of light to
measure molecular vibrations to determine the structural fingerprints of normal
and malignant breast tissue.4,5 Optical Coherence tomography (OCT) measures
the speed and reflection of infrared light waves, to produce high resolution noninvasive images of tissue microstructure which has been successfully piloted for
specimen margin status.6,7 Confocal microscopy can provide real-time highly
magnified surface level images allowing intraoperative non-invasive breast
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margin histopathological examination.8,9 Fluorescence techniques are being used
to target and identify breast cancer with potential towards margin
assessment.10,11 While Cerenkov luminescence imaging (CLI) detects light
emitted from positron emission tomography (PET) imaging agents, and is under
investigation for use in breast margin detection.12
3. Bio impedance: The electrical impedance of tissue can be measured in relation to
an applied electric field. This enables immediate specimen examination to
determine tissue type. MarginProbeTM is commercially available and its use has
demonstrated reduction in re-excision rates13,14, and ClearEdgeTM is undergoing
clinical evaluation.15
4. Mass spectrometry: Mass spectrometers measure the mass/charge of ions and
can be used to provide detailed chemical analysis of tissues. The intelligent knive
(iKnife) has been used to analyse diathermy smoke during breast surgery in realtime with promising results16 whilst the MasSpec pen uses a probe based
approach to provide tissue surface analysis.17
Neoadjuvant Therapy- Surgical Precision and Active Monitoring
Translational science is leading us into an era of more personalised breast cancer
treatment. Increasingly neoadjuvant therapies are being used not just to downstage
tumours prior to surgery, but increasingly to trial the efficacy of systemic therapies on
individual patients to allow a more individualised approach. Early breast cancer
treatment is increasingly likely to require surgeons to work even more closely with
oncologists to facilitate trial and re-biopsy of consecutive systemic therapies prior to
definitive surgical excision. With increasing rates of tumour response to neoadjuvant
therapies, for example with dual anti-Her2 therapies, there is a need to accurately
determine residual tumour size to allow precise, and not excessive, surgical excision. In
certain cicumstances of complete clinical, radiological and ‘pathological’ response (as
determined by multiple core biopsies) it may be possible to avoid surgery entirely in
lieu of active monitoring .
Neoadjuvant treatment for breast cancer has become an increasingly utilised
treatment modality over the last three decades. At an individual level, response to
treatment is prognostic[1]; however, this correlation has not been seen at a trial level,
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and benefits of neoadjuvant treatment have not always translated to a clinically
meaningful overall or recurrence free survival benefit in the adjuvant setting[2, 3].
It has been demonstrated that with careful patient selection, high rates of
complete pathological response can be obtained[4, 5]. Future development in this area
is likely to focus on improved patient selection for neoadjuvant treatments, whether
cytotoxic or targeted therapies. It is likely that such developments will be predicated on
improved understanding of the genomic landscape of breast cancer, with increasingly
widespread adoption of next generation sequencing technologies leading to the
identification of additional therapeutic targets for novel agents.
In this context, it is likely that some patients will no longer require surgery
following neoadjuvant systemic therapy. Trials have commenced looking at omission of
surgery in exceptional responders [6, 7]. Such trials will, however, rely on
developments in post-treatment imaging and biopsy to identify and predict complete
response. Where a complete response to neoadjuvant treatment is not seen, it is likely
that re-biopsy of residual disease, using next generation sequencing technologies to
identify additional drug targets in residual disease, will provide information to guide
additional systemic therapies, either before definitive surgery or in the adjuvant setting.
Finally, neoadjuvant radiotherapy remains an under-exploited treatment
modality, although there is increasing interest in this area. It is likely that radiotherapy
will feature in future trials of neoadjuvant treatment, either alone, or in combination
with agents such as immune checkpoint inhibitors to exploit effects such as the abscopal
effect[8]. Developments in neoadjuvant treatment have clear implications for breast
surgeons, who require to be aware of these to make optimal treatment decisions for
their breast cancer patients; it is possible that breast surgery may evolve to become an
adjuvant therapy following personalised selection of primary systemic therapies.
Technologies for Improved Breast Cancer Staging & Axillary De-escalation
Sentinel lymph node (SLN) biopsy has been embraced around the world as a standard
of care for breast cancer patients and incorporates dual localization techniques using a
combination of blue dye and radioisotope (1). There are potential drawbacks from
radioisotopes as a tracer agent for SLN localization including cumulative radiation
exposure for healthcare workers, surgical waste disposal and restrictions on access to
radioisotopes secondary to mandatory licensing. These radioisotopes are a bi-product
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of a contracting nuclear industry and supply might become unpredictable with more
widespread usage, particularly within emerging economies of Asia. Localization
techniques using non-radioactive tracers warrant further investigation and in the
longer term there is a need to explore novel agents. These include fluorescence mapping
with indocyanine green (ICG) and magnetic nanoparticles that have each been
evaluated and deemed to be non-inferior to standard tracer agents (2,3). Alternative
tracers such as these might eventually be used as single agents for SLN biopsy; they
combine many of the advantages of blue dye and radioisotope without the
disadvantages and might be relevant once more clinical experience as part of a dual
localization strategy has accrued (4).
Improvements in adjuvant systemic therapy and radiotherapy contribute to
loco-regional control and have decreased the therapeutic value of axillary surgery.
Furthermore, its staging role is declining with decisions for adjuvant therapies often
based on primary tumor characteristics and various biomarkers of clinical utility. Rates
of axillary recurrence for SLN biopsy negative and selected SLN biopsy positive cases
are very low (5,6). So why perform SLN biopsy if there is no survival benefit from ALND,
regional recurrence rates are low and results of axillary surgery infrequently select
patients for adjuvant treatments? (7). There is a finite rate of lymphoedema from SLN
biopsy (approximately 5% at 5 years) that has relevance to prolonged survivorship.
Two ongoing trials are exploring the feasibility of omission of surgical staging of the
axilla in some breast conserving surgery patients who are clinically node negative with
favorable primary tumor characteristics (8,9). Eligible patients will be randomized to
SLN biopsy or no axillary surgery and preliminary analysis suggests that non-inferiority
will be upheld for the observation arm. Imaging of axillary nodes using MRI with newer
contrast agents (iron nanoparticles) may increase negative and positive predictive
values but functional imaging with FDG-PET seems unlikely to reach levels of sensitivity
which will stratify axillary tumour burden and aid initial management of early breast
cancer patients (10). Axillary node clearance still forms a fundamental operation in
breast cancer, with no progress being made in lymphoedema prevention. Techniques to
allow visualisation and protection of lymphatics, possibly using nanotechnology may
warrant investigation. Sentinel node mapping is the basis of histological axillary staging.
Radioisotope has resource and safety implications, however newer magnetic-based
techniques are limited by the inability to use metallic surgical tools. Nanotechnology
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may offer further options for sentinel node identification and potentially even local
delivery of treatment.
Innovations in Reconstructive Breast Surgery
Breast reconstructive surgery is by nature personalised by the surgeon to the patient
with the aim of achieving a result that is both technically satisfactory and more
importantly meets patient expectations. Implant based breast reconstruction has far
higher infection and implant loss rates than other surgical devices. This is largely
because of the compromised skin perfusion following mastectomy. Intra-operative
techniques to assess vascularity, for example using near-infra-red spectroscopy and
quantum dot nanoparticles, would allow intervention at an early stage, with directed
skin resection.
Acellular dermal matrices
The use of acellular dermal matrices (ADM) has revolutionised implant based breast
reconstruction since its first use in 2005. A great deal of literature is available, involving
over 7000 ADM-based reconstructions

44.

Their use has become an attractive, but

expensive option. The matrixes can be subdivided into human derived, which are not
available in the UK, or xenografts such as porcine. ADMs have recently become
significantly more user friendly, with shaped, perforated (to reduce seroma) and
bilateral versions 45.
Traditionally ADMs have been used for lower pole coverage, however there is a body of
growing literature for its use in pre-pectoral implant based reconstruction where the
ADM covers the entire implant. This has the advantage of leaving the pectoralis muscle
undisturbed, reducing breast animation and reduced post-operative pain 46.
Synthetic meshes
These are mass-synthesized polymers, which maybe multifilament (Polyglyctain 910,
Vicryl) or monofilament (Poly-4-hydroxybutyrate, P4HB). These are far more cost
effective than ADMs. The TiLOOP Bra, pfm medical) is a permanent mesh which has
shown to have a major complication rate of 13.4% 47. The Polyglyctain is an absorbable
mesh which has shown to have a low infection rate (2.7%) 48.
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Studies of ADMs and meshes tend to be small and non-randomised, however the ibra
study which is soon to be reported aims to compare different implant based
reconstruction methods in a prospective cohort study 49.
Tissue Engineering
The premise behind the technology is the use of an absorbable biologic matrix that is
then impregnated with autografted lipocytes from the patient's abdomen or other fatty
area. This may be used to fill a defect after breast conservation or whole breast
reconstruction. Microtubular structures throughout the matrix provides influx of blood
and bionutrients to potentially increase lipocyte viability compared with that of fat
grafting alone.

Currently the only trials are in animal models, however tissue

engineering has recently received National Institute of Health funding with the aim of a
clinical trial in due course. Researchers at Queensland University of Technology in
Brisbane, Australia, are concurrently working on bioabsorbable 3D printed scaffolds
based on MRI reconstruction of the contralateral breast that dissolves over a 2-3 year
period as the fatty breast tissue regenerated50. At the University of Texas Scientists are
working with TeVido BioDevices toward developing 3D bioprinted breast implants for
nipple areola complex reconstruction and bespoke volumetric replacement of
lumpectomy defects51
ICG Angiography
SPY Elite is an intraoperative fluorescence imaging system and it enables surgeons to
assess skin perfusion during surgery. It is particularly useful for mastectomy flap
assessment during breast reconstruction and has been demonstrated to significantly
reduce skin necrosis rates following immediate breast reconstruction.52
Volumetric Analysis
Measuring breast volume has been a challenge for breast and plastic surgeons for
decades. Methods to do this have ranged from Archimede’s principle of water
displacement, anthropomorphic methods, thermoplastic/plastic casting to magnetic
resonance imaging, computer tomography and three-dimensional surface imaging (3DSI).53 3D-SI has been used to take 3D images of the torso. From this the breast volume is
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calculated by interpolating the chest wall and measuring the volume within the mound
of the breast. Plastic surgeons have been using this technology to simulate how a patient
may appear after an augmentation or breast reduction. It remains to be seen whether
this tool is useful to help plan oncological and oncoplastic breast procedures.54
Innovations in Follow-up & Survivorship
Issues around survivorship will become increasingly important in breast cancer as so
many women survive for so long with the consequences of their treatment. Each new
treatment will bring unknown and potential permanent changes which have the
potential to impact on people’s lives. Personalised medicine and de-escalation of
treatment have the potential to increase individual anxiety and fear of cancer
recurrence, and work will need to be done to find ways to educate people about risks
and risk perception.
Techniques to reduce arm lymphoedema
Lymphovenous Anastomosis (LVAs)
Lymphovenous anastomosis (LVA) aims to overcome obstructions in the lymphatic
system caused by axillary dissection by diverting lymph into the venous system
proximal to the areas of obstruction. A suitable lymphatic channel must be identiﬁed
using a distally injected dye (e.g. patent blue) and/or indocyanine green lymphography.
Next, a suitable vein of compatible size, location and minimal backflow must be
identiﬁed for anastomosis. There is no consensus on the optimal timing, number and
location of the anastomoses.

Lymph Node Transfer
Vascularized Lymph Node Transfer (VLNT) is the transplantation of vascularized lymph
nodes to a lymphoedematous area. There remain many unanswered questions with
regards to mechanism of action, donor site selection, recipient site selection, and
postoperative care. There is no accepted mechanism by which VLNT improves
lymphedema, it is hypothesised that the VLNT functions as a sponge or pump to take
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the lymph via the nodes into the venous circulation through naturally occurring
lymphovenous connections in the transplanted tissues 58.

Virtual Clinics
The combination of wearable technology, virtual reality, body computing, artificial
intelligence and mobile apps has brought about unprecedented advances in technology
making the future of breast clinics technology driven. Virtual Care Clinics being
established by the University of Southern California have demonstrated the success of
hologram house calls. By beaming real-time holograms, clinicians can take a medical
history, diagnose a problem and discuss the treatment options with the patients
without ever leaving their office. This virtual clinician has the ability to recognise
emotion and show empathy through facial expressions, gestures and voice. In the
immediate future, this technology may have a huge impact on the management of
patients receiving adjuvant treatment for breast cancer. A study of more than 900
patients demonstrated that over 18 months after the diagnosis, an average patient
requires 67 appointments in 44 days and spends 3.6 hours in clinics per month and was
admitted for 1.9 days.i Evidence suggests that during chemotherapy and radiotherapy,
28% of patients require appointments to treat side effects. In 43% of patients these
appointments had an impact on their professional life and 77% of patients needed to
arrange a caregiver to accompany them. ii Virtual Care Breast Clinics have the potential
to significantly reduce some of these clinic visits saving patients and their carers the
stress and difficulties of unnecessary hospital visit. Future use of this technology can
reduce cost and increase clinician productivity.
Virtual Care Breast Clinics have the capacity to transform the symptomatic
breast clinic. By using ultrasound related technology, it is possible to create a sensation
of temperature and touch. Therefore, intelligent robotic medium and virtual reality
techniques can be used to virtually assess abnormalities of breast tissue, that have
traditionally been diagnosed by inspection and palpation. By combining the executive
function of the human brain with a near complete interaction with the virtual
environment, it is potentially possible to perform a remote full clinical breast (digital)
examination. For the diagnosis of breast cancer, the advent of portable ultrasound
machines connected to smartphone devices have a huge potential for the future. These
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portable ultrasound devices have a semiconductor chip which creates sound waves and
relay the images to the smart phone. The image can be adjusted and manipulated
remotely to gain a better view of the tissue. These devices are relatively affordable,
however, their reliability in the remote setting remains to be established.
Virtual Breast Care Clinics have the potential to provide a convenient, effective,
affordable, personalised and safe breast care to patients universally. Virtual Breast Care
Clinics have got potential for strong consumer appeal. The transformation brought by
these technologies can help breast clinicians to become more efficient, and improved
patient experience. Virtual Care Breast Clinics can provide opportunity to bridge the
gap in specialist service and conduct virtual multidisciplinary team meetings. While
Virtual Care Breast Clinics can provide immediacy of consultation and convenience,
such clinics may be impersonal and may have a negative impact on rapport
development and the doctor-patient relationship.
Delivery of Virtual Clinical Care in the digital healthcare system would require
immense infrastructure investment. Surgical teams will need access to efficient and
reliable digital platforms and must be trained to be proficient in the use of these
technologies. Patient confidentiality and protection of digital data will impose ethical
and regulatory challenges, that will need to be addressed as a part of infrastructure
development for Virtual Care Breast Clinics.
Breast Cancer Surgical Research
The future for breast cancer treatment is likely to include a wide variety of changes
which will result in an increased use of technology, increased use of targeted
personalised treatment plans (due to increased understanding of the human genome
and cancer biology) and an increase in individual treatment choices. It is important to
consider that these changes will take place in a culture which continues to have a
limited understanding of the biological mechanisms which drive cancer development
and so the gap in understanding between the general public and experts in cancer care
will potentially widen. Current Western culture conceptualises and understands cancer
in a way that still incorporates language about ‘fighting’ and ‘battling’ and so deescalation of cancer treatment is unlikely to meet patient expectations. Traditional
treatment for cancer has, for so long, been focused on eliminating tumours and
potential tumours by surgery, that many women are looking to increase the amount of
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surgery that they have in order to minimise their risk of cancer, even at the expense of
other poor long term outcomes.
Concurrently, expectations around the way that women look and perceive their own
bodies continue to idealise particular notions of the body ideal, particularly in relation
to the breast and any future treatment will need to be able to incorporate these ideals
into delivery. Consequences of breast surgery on sexuality are also an issue with
respect both to the appearance and sensations of the affected breast. While patient
choices increase, patient expectations are also increasing. The potential for advanced
technologies to improve cosmetic outcomes is great. Future possibilities include the
potential to reduce over treatment by large excisions and to perform surgery which
leaves good cosmetic outcomes have the potential to more closely match patient
expectations with less impact on body image and sexuality.
The consequence of this for the future of breast cancer surgery is that there will
be a need to increase service delivery around patient education and supporting patient
decision-making. Confidence in health professionals varies over time and the use of new
techniques and materials (such as implants and meshes) raises concerns in those who
may be the recipients. Health professionals will need increased skills to explain
technological advances and support shared decision-making. There will be a need for
tools to be developed and tested which will support complex decision making. Clinical
teams may have to restructure service delivery to enable these changes to take place.
Finally, if this gap between health experts and the public is to be decreased then
clinicians may need to spend much more time in public education and influencing public
opinion by engaging widely in public and social media spaces.
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