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Abstract 

Background: Therapeutic mammaplasty (TM) which combines breast reduction and mastopexy 

techniques with tumour excision, may extend the boundaries of breast-conserving surgery (BCS) and 

improve outcomes for patients, but current practice is unknown and high-quality outcome data is lacking.  

This prospective multicentre cohort study aimed to explore the practice and short-term outcomes of the 

technique.   

 

Methods: Consecutive patients undergoing TM at participating centres between 1st September,2016 and 

30th June,2017 were recruited to the study. Demographic, pre-operative, operative, oncological and 

complication data were collected. The primary outcome was unplanned re-operation for complications 

within 30 days of surgery. Secondary outcomes included re-excision rates and time to adjuvant therapy.   

 

Results: Overall 880 patients underwent 899 TM procedures at 50 centres. The most common 

indications for TM were avoidance of poor cosmetic outcomes associated with standard BCS (n=702, 

78.1%) or avoidance of mastectomy (n=379, 42.2%). Wise-pattern skin incisions were the most common 

(n=429, 47.7%) but a range of incisions and nipple/areola pedicles were used. Immediate contralateral 

symmetrisation was performed in one-third of cases (n=284, 32.2%). In total, 205 (23.3%) patients 

experienced a complication but <3%(n=25) required re-operation. Median lesion size was 24.5mm 

(interquartile range (IQR) 16-38mm). Incomplete excision was seen in 132 cases (14.7%) but only 51 

(5.8%) patients ultimately required mastectomy. Median time to adjuvant therapy was 54 days (IQR 42-

66). 

 

Conclusion: Therapeutic mammaplasty is a safe and effective alternative to mastectomy or standard 

BCS. Further work is now required to explore the impact of the technique on quality of life and establish 

cost-effectiveness. 
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Introduction 

Breast conserving surgery (BCS) with adjuvant radiotherapy is an established treatment for early breast 

cancer1 2. While many women may prefer breast conservation to mastectomy, standard BCS can often 

result in unacceptable cosmetic outcomes3 4 which may adversely impact on patient satisfaction and 

quality of life5-8. 

Therapeutic mammaplasty (TM) describes ‘the oncoplastic application of breast reduction and mastopexy 

techniques to treat selected breast cancers by BCS’9 10. These techniques effectively extend the 

boundaries of traditional BCS by allowing adequate resection of larger tumours in women with medium to 

large breasts without compromising cosmetic outcome11-14; provide an alternative to mastectomy 

with/without reconstruction in those with ptotic breasts9 15 and may improve outcomes for women with 

large breasts in whom standard BCS followed by radiotherapy may be associated with lymphoedema, 

fibrosis, and chronic pain16.  

Despite the widespread adoption of these techniques into routine practice, there is limited high-quality 

evidence to support benefits of this approach. TM procedures are more complex than standard BCS with 

potential resource implications.  Although complication rates and oncological safety have been reported in 

the literature16-24 the majority of published studies are retrospective single-centre16 22-24, often single 

surgeon case-series with limited follow-up. Many are poorly-designed and reported, with inconsistent end-

points25 which limit cross-study comparison and meaningful data synthesis. Several recent systematic 

reviews26-34 have highlighted the paucity of high-quality clinical, oncological and cosmetic outcome data 

and emphasised the urgent need for well-designed prospective studies to establish the indications and 

outcomes of TM to inform best practice.   

Although randomised controlled trials (RCTs) provide the best evidence for the effectiveness of an 

intervention, RCTs are largely inappropriate in this context. A high-quality prospective multicentre cohort 

study exploring the practice and outcomes of these techniques is therefore essential to support the safe 

practice of TM, generate guidelines, guide decision-making, and inform health policy.  
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The aim of this study was to describe the current practice of TM including indications and techniques 

used; complication and incomplete tumour excision rates and the impact of TM on the time to delivery of 

adjuvant therapy. The secondary aims were to identify risk factors associated with complications and 

incomplete excision and to develop a network of surgeons performing the technique and engage them in 

the need for evaluation. 

Methods  

Study design and participants 

All breast and plastic surgical units performing TM were invited to participate in this multicentre 

prospective cohort study through the UK breast and plastic surgical trainee research collaborative 

network (Mammary Fold Academic and Research Collaborative and the Reconstructive Surgery Trials 

Network) and the professional associations (Association of Breast Surgery (ABS) and British Association 

of Plastic, Reconstructive and Aesthetic Surgeons, BAPRAS)35. 

Consecutive female patients undergoing TM at participating units between 1st September 2016 and 30th 

June 2017 were prospectively recruited to the study. ‘Therapeutic mammaplasty’ was defined as ‘the 

application of breast reduction or mastopexy techniques, including removal of skin to reduce the skin 

envelope, to treat invasive or ductal carcinoma in situ (DCIS) using BCS’.  Patients undergoing standard 

BCS not involving reduction of the skin envelope; level one oncoplastic techniques involving glandular 

remodelling only or BCS with volume replacement techniques such as local perforator, e.g thoracodorsal 

artery perforator (TDAP), or lateral intercostal artery perforator (LiCAP) flaps or latissimus dorsi mini-flaps 

were excluded. Also excluded were patients undergoing surgery for benign disease and those  

undergoing mastectomy with or without immediate breast reconstruction.  

Demographic, pre-operative planning, operative and oncological data were collected prospectively for all 

patients as previously described35. Recommended adjuvant treatments were identified from post-

operative multi-disciplinary team (MDT) meetings and date of commencement of adjuvant treatment from 

appropriate on-line hospital systems or case-note review.  Complications, readmissions and re-operations 

at 30 days were collected prospectively by clinical review or retrospective review of case-notes in patients 



Short-term outcomes of therapeutic mammaplasty in the TeaM Study 

5 

 

not attending for follow-up.  All data were collected by members of the surgical team and managed using 

REDCap data capture software (http://www.projectredcap.org/)36 37.      

This study was classified as service evaluation/clinical audit by the NHS Health Research Authority 

Decision Tool  (http://www.hra-decisiontools.org.uk/research/index.html)  Individual patient consent was 

not required but each participating centre was required to obtain local clinical governance approvals prior 

to commencing patient recruitment.   

Primary outcomes 

The primary outcome was unplanned re-operation for local complications within 30 days of the TM 

procedure.  This included re-operation for any complications of the TM and/or contralateral symmetrising 

procedure but did not include additional surgery for oncological reasons including the need for re-excision 

of margins, completion mastectomy or axillary clearance.  This outcome was selected based on Quality 

Criteria (QC) 16 from the Oncoplastic Breast Surgery: Guidelines for best practice38 which state that less 

than 5% of patients should require return to theatre for complications following oncoplastic breast surgery.  

Specific outcomes of interest included; haematoma requiring surgical evacuation; infection requiring 

surgical drainage or debridement; skin necrosis including the T junction breakdown requiring surgical 

debridement; nipple necrosis or complete nipple loss requiring surgical debridement and wound 

dehiscence requiring return to theatre for re-suturing.  Full definitions of complications used in the study 

have been reported previously35.   

Secondary Outcomes 

Secondary outcomes reflected current best practice38 and NICE guidelines39 and included readmission to 

hospital, incomplete tumour excision requiring further surgery and time to delivery of adjuvant therapy35.  

Readmission to hospital was defined as any readmission following discharge for local or systemic 

complications of surgery as defined in the study protocol35 within 30 days of the index procedure.  

Incomplete tumour excision was defined as invasive tumour or DCIS at, or close to, the resection margin 

requiring further surgery (re-excision or margins or completion mastectomy) as defined by local MDT 

criteria.  Re-excision of margins was defined as return to theatre for removal of additional tissue in a 

http://www.projectredcap.org/
http://www.hra-decisiontools.org.uk/research/index.html
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second operation due to one or more involved/positive margins. Completion mastectomy was defined as 

the complete removal of remaining breast tissue as elected by MDT decision or patient choice. Time to 

adjuvant therapy was defined as the time in days from the TM (or last oncological surgery, if further 

surgery was required) to the first adjuvant treatment, i.e. the first dose of chemotherapy or first fraction of 

radiotherapy.    

Data quality assurance 

For quality assurance (QA) purposes, the principal investigator at each site was requested to 

independently validate 5-10% of the data entered from their unit. The validation process involved 

checking and confirming that all entered data for the selected patients were correct. If concordance 

between the number of cases submitted on REDCap and those identified independently was <90%, the 

unit’s data was excluded from the final analysis. This was consistent with QA procedures used in other 

collaborative studies40.   

Statistical analysis 

Descriptive summary statistics were calculated for each variable to describe the practice and outcomes of 

TM. Categorical data were summarised by counts and percentages. Continuous data was summarised by 

median, interquartile range (IQR) and range. 

Univariable logistic regression analysis was used to explore clinico-pathological variables hypothesised to 

be associated to the outcomes of interest. For complications, these included patient and procedure-

related variables, namely age, smoking, body mass index (BMI), diabetes, co-morbidities, American 

Society of Anesthesiologists (ASA) grade, neoadjuvant chemotherapy, grade and experience of operating 

surgeon, type of skin incision, unilateral vs bilateral surgery, axillary surgery performed, specimen weight, 

drain use and duration of surgery. For incomplete excision, variables considered were patient age, 

neoadjuvant chemotherapy, maximum pre-operative size, pre-operative multifocality and localisation, 

specimen imaging (yes vs no), invasive disease (vs DCIS), positive nodal status (N0 vs N1/N2), positive 

HER-2 status, positive ER status, ductal vs lobular invasive disease on post-operative pathology, grade of 

invasive disease on post-operative pathology, screening (vs symptomatic), and specimen weight. 
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Variables with a p-value <0.1 were carried forward to a multivariable model to identify any independent 

risk factors for each outcome.  P-values of <0.05 in the multivariable analysis were considered to be 

strongly associated with the outcome.All univariable and multivariable analyses had standard errors 

clustered by centre.     

Time to adjuvant therapy was calculated for the cohort as a whole and for patients with and without post-

operative complications. Kaplan-Meier analyses, univariable Cox survival models (with standard errors 

clustered by centre), and the log-rank test were then used to determine whether complications impacted 

on time to delivery of adjuvant therapy.   

STATA 15 (STATA, Inc., Texas) was used for all analyses. 

Results 

Between 1st September 2016 and 30th June 2017, 898 patients were entered onto the REDCap database 

from 50 units across the United Kingdom (n=48) and Europe (n=2). Of these, eight patients underwent 

TMs performed outside the study period; five patients received symmetrising reduction surgery only and 

five records did not provide any details of the patients or surgery performed and were excluded. Some 

880 patients and 899 TM procedures were therefore included in the analysis. 

Patient demographics  

Patient demographics are summarised in Table 1. Median patient age was 56 (range 23-86).  Almost 

40% (n=344, 39.1%) of study participants were classified as obese (BMI >30), 10% were current smokers 

and less than 5% (n=38, 4.3%) were diabetic. Approximately 40% (n=363, 41.3%) had at least one co-

morbidity. Half of patients (n=454, 51.6%) presented with symptomatic breast lesions and the remainder 

presented through a breast screening programme. Surgery was the initial cancer treatment for the 

majority of patients with less than 20% receiving neoadjuvant therapy (n=162, 18.4%) (Table 1).   

Pre-operative tumour assessment and treatment planning 
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Table 2 summarises the pre-operative planning and surgical decision-making for TM. Tumours were a 

median of 24mm (range 2-120mm) on pre-operative imaging with the majority located in the upper outer 

quadrant (n= 379, 43.3%) of the breast. Most lesions were invasive cancers (invasive ductal n=605, 

68.5%, invasive lobular n=79, 9.0%) and almost 20% (n=169, 18.8%) were assessed as being multifocal 

at diagnosis (table 2).   

The most common indication for TM was to avoid an anticipated poor cosmetic outcome associated with 

standard BCS (n=702, 78.1%) but over 40% of patients (n=279, 42.2%) were offered the technique as an 

alternative to mastectomy. Quality of life benefits and avoidance of the sequelae of radiotherapy in large 

breasts were less commonly-cited indications (table 2). Two-thirds of patients (n=590, 65.6%) were 

offered standard BCS as an alternative surgical approach. For the remainder, the only alternative option 

was mastectomy alone (n=375, 41.7%), or with immediate implant-based (n=270, 30.0%) or autologous 

(n=231, 25.7%) reconstruction.  A third of patients (n=283, 32.2%) were offered contralateral 

symmetrisation at the time of their TM procedure (table 2). 

Operative techniques  

Of the 880 patients; 572 (65.6%) underwent a unilateral TM procedure with no simultaneous contralateral 

surgery; 284 (32.3%) underwent a unilateral TM and simultaneous contralateral symmetrising reduction 

or mastopexy; 5 (0.6%) underwent a unilateral TM and a contralateral mastectomy with or without 

immediate reconstruction and 19 (2.2%) underwent bilateral TM procedures. The median operative time 

was 110.5 minutes (range 39-420 minutes) and the majority of cases (n=771, 85.6%) were performed by 

a consultant surgeon with significant experience (>25 cases) in performing this technique (table 3). Two-

thirds (n=600, 66.6%) of lesions required pre-operative localisation of which 170 (19.3%) involved the use 

of bracketing wires or equivalent.   

A wide range of different surgical approaches and techniques were used (table 3). Wise-pattern skin 

incisions were the most common (n=429, 48.0%) with peri- or circumareolar approaches (n=232, 25.7%) 

and vertical scar techniques (n=135, 15.0%) used less frequently. Most TMs preserved the nipple, using a 

central mound (n=225, 28.1%); inferior (n=204, 25.5%) or superiomedial (n=201, 25.2%) pedicle.  Wide 
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local excision specimens had a median weight of 83g (range 6-1515g) and adequacy of tumour excision 

was confirmed in 90% of cases, most commonly using intra-operative specimen radiography (n=785, 

87.3%). Total TM excision weights ranged from 5-2522g with a median of 126.5g and drains were used in 

a third (n=296, 32.9%) of cases. Symmetrising reductions were most likely to be performed using a Wise-

pattern skin incision (n=232, 81.7%) and a superiomedial (n=112, 39.7%) or inferior (105, 36.6%) nipple 

pedicle. The median reduction weight was 320g (range 0-2477g) (data not shown).  40% (n=351) patients 

had their TM procedure as a day case procedure and a quarter (n=232) went home the day following 

surgery as a 23 hour stay.   

Reoperation and readmission for surgical complications  

Less than 3% (n=25, 2.8%) patients required re-operation for a complication of their surgery and only 12 

(1.4%) patients were readmitted but in total, 205 (23.3%) patients experienced at least one post-operative 

complication within the first 30 days of surgery. These were generally minor complications which were 

managed on an outpatient basis and included infections requiring oral antibiotics (n=70, 8.0%) and wound 

healing problems managed conservatively with dressings (skin necrosis n=77, 8.8%; wound dehiscence 

n=49, 5.6%) (table 4).  

Univariable analyses identified smoking, obesity, ASA grade, surgical experience, Wise-pattern skin 

incisions, bilateral surgery, specimen weight and the use of drains as risk factors associated with post-

operative complications (table 5). Smoking, obesity, higher ASA grade, a less experienced surgeon, and 

a wise pattern skin incision remained strongly associated with post-operative complications in the 

multivariable model. Procedure duration was associated with complications in the univariable analysis but 

only 45% of records contained this variable so this was not included in the multivariable analysis. 

Re-excision and completion mastectomy rates 

Post-operative oncological data split according to whether resection margins were clear, are summarised 

in table 6. Incomplete excision according to local criteria was reported in 132 (14.7%) cases.   Tumours 

with positive margins were more likely to be multifocal (59/132, 44.7% vs 133/744, 17.8%) and larger 

(median 39mm, IQR 25-54mm vs median 23mm, IQR 15-34mm) than those in whom excision margins 
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were clear (table 6).   Management of incomplete excision in the study cohort is shown in figure 1. Re-

excision of margins was successfully performed in 68 cases giving on overall breast conservation rate of 

90.3% (n=812), Completion mastectomy +/- immediate breast reconstruction was required for 43 

(n=4.8%) patients during the study, with a further 8 patients planned for surgery following completion of 

adjuvant chemotherapy. The completion mastectomy rate was therefore 51/899, 5.7% (figure 1). 

Univariable analyses identified maximum pre-operative tumour size, and pre-operative assessment of 

multifocality as potential risk factors for incomplete excision (table 7). Both variables remained strongly 

associated with incomplete excision in the multivariable model. 

Time to adjuvant therapy 

Adjuvant treatment recommendations are summarised in table 8. Adjuvant chemotherapy was 

recommended for 273 (31.0%) patients of whom 228 (83.5%) accepted treatment and adjuvant 

radiotherapy was recommended for 794 (90.2%) patients. 811 (92.2%) patients accepted either post-

operative chemotherapy and/or radiotherapy and the median time for last oncological surgery to first 

adjuvant treatment was 54 days (IQR 42-66). There was no significant difference in time to start of 

adjuvant therapy in patients with and without post-operative complications, OR 0.88 (0.76, 1.03) 

(p=0.109) (log-rank test p=0.147) (Figure 2). 

Discussion 

Therapeutic mammaplasty may provide women with a safe alternative to mastectomy or offer improved 

cosmetic and quality of life outcomes compared with standard BCS, but high-quality evidence to support 

the safety and effectiveness of the technique is lacking26 27. This is the first large prospective multicentre 

cohort study to assess the current practice and short-term outcomes of the technique and provide ‘real 

world’ data from 50 centres regarding complications, rates and management of incomplete excision and 

impact of TM procedures on delivery of adjuvant therapy.  

Although most women are offered TM to avoid poor cosmetic outcomes associated with standard BCS, 

over 40% of patients are offered TM to avoid mastectomy. As the majority of women receiving TM in this 
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study have high BMIs and comorbidities that may make them unsuitable or high risk for immediate breast 

reconstruction, the procedure may have particular quality of life benefits in this group. TM appears to be a 

specialist procedure as it is performed predominantly by consultant surgeons with significant experience 

of the technique. Although Wise-pattern mammaplasties were the most common, a wide range of 

incisions and nipple pedicles were used. The varied techniques encompassed by ‘Therapeutic 

Mammaplasty’ mirror the dominant methods of breast reduction surgery but are likely to also reflect 

tailoring of approach to the tumour and patient as well as surgeon preference and experience. 

Simultaneous contralateral symmetrising reduction/mastopexy procedures were performed in only a third 

of patients. Reasons for this were not addressed but may include patient or surgeon preference or local 

funding issues but given the potential impact that delayed symmetrisation may have on quality of life with 

little if any improvements in overall symmetry, , these reasons are worthy of further study. 

Two thirds of all TM procedures were performed either as a day-case or with a 23 hour stay, consistent 

with the length of stay required for standard BCS or mastectomy. Major complication rates were low with 

less than 3% of patients requiring re-operation for a complication of their TM and/or symmetrising 

procedure, significantly less than the 5% recommended in the Oncoplastic Surgery Guidelines38. 

Complications were associated with smoking, high BMI, Wise-pattern skin incisions, ASA grade and  

surgical experience but not with contralateral symmetrising surgery.  

Median pathological tumour size was 24.5mm but over 20% (n=195) of patients had excisions of lesions 

>40mm, the traditional maximum size for standard BCS. Over 80% of patients undergoing TM had 

complete tumour excision as defined by local MDT criteria with a further 7.6% achieving this with one or 

more margin re-excisions giving an overall breast conservation rate of over 90%. Only 51 (5.7%) patients 

ultimately required a mastectomy and of these, 20 (39.2%) also had immediate reconstruction. Large pre-

operative tumour size and multifocality were the only factors associated with incomplete excision in the 

multivariable model. This and the rate of re-excision is consistent with other studies of standard breast 

conserving surgery41 42, but in these studies, the median tumour size is almost 10mm smaller and the 

proportion of T2 tumours 25% less than the current study. The implication is that TM can achieve similar 
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rates of complete excision (and completion mastectomy) for large cancers as simple BCS techniques in 

small cancers. 

811 (92.2%) patients required adjuvant chemotherapy and/or radiotherapy and the median time to 

adjuvant therapy was 54 days. This was not affected by complications and the interval is concordant with 

that of other studies on different surgical approaches43. TM does not therefore affect time to start adjuvant 

therapy.  

The ‘real world’ outcome data generated from the multicentre TeaM study are remarkably consistent with 

the complication and re-excision rates reported in other series of oncoplastic surgery in the literature in 

which TM formed at least part of the oncoplastic approach27 29 34. The most recent review of ten large 

studies reports complication rates ranging between 8.9 and 24.6%44. It is not clear whether these rates 

are per breast or per patient, but our complication rates of 20.1% per breast and 23.3% per patient are 

broadly comparable. Incomplete excisions were reported in between 5.8 to 18.9% of cases in these 

studies leading to completion mastectomy rates of between 2.9 and 12.5%44. We report incomplete 

excision in less than 15% of cases and a rate of completion mastectomy of less than 6%.  While this is 

reassuring, such comparisons may not be entirely valid due to the heterogeneity of procedures included 

in these studies44 and the lack of consistency of the outcomes assessed25. Many studies and 

subsequently systematic reviews report outcomes of ‘oncoplastic breast conservation’. This term is often 

used to describe a wide range of volume replacement (e.g. LiCAP flaps) and volume displacement 

techniques and procedures ranging in complexity from a small amount of glandular remodelling to 

oncoplastic breast reductions often with contralateral symmetrising procedures which are not directly 

comparable. A number of classification systems have been proposed, most notably Clough’s bi-level 

classification45, but standard adoption of an agreed terminology is a major barrier to high-quality 

comparable research27 46 47. Recently attempts at standardisation have been proposed but terminology 

and algorithms for decision-making are complex and the success of this approach is yet to be 

determined48. The agreement regarding the need for standardised outcome assessment including 

standard definitions of complications and quality of life assessments using validated patient-reported 

outcome measures however must be a priority if future research in oncoplastic surgery is to be 
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meaningful47 and the recently developed core outcome set for reconstructive breast surgery is one may 

by which this may be achieved49.   

This study has provided much needed prospective multicentre evidence for the short-term clinical safety 

and effectiveness of TM but it has several limitations that require consideration. The main limitation is that 

this is a short-term clinical study that has not considered the patient-reported, cosmetic and long-term 

oncological outcomes of the technique.  Whilst this is a significant limitation, one of the main aims of the 

study was to define current practice to inform the design and conduct of a future definitive research study 

and to develop a network of centres performing TM to participate in the project. Given the uncertainty 

regarding patient selection; the techniques used and management of the contralateral breast, this 

preliminary work was an essential prerequisite to developing a future study which will more accurately 

reflect current practice.  Furthermore, the existing cohort will be used to explore long-term oncological 

outcomes in a future data-linkage study to provide added value. This study has collected data from 48 

centres in the UK and 2 centres in Europe and is the largest prospective cohort of this kind. It is possible 

that participating units are high-volume highly specialist centres and that the outcomes reported are not 

representative of those seen at lower volume centres. However, the 48 centres included represent 

approximately one third of all breast units in the UK50 and the similarity of the outcomes with the 

published literature suggests that this is not the case. The observational study design introduces the 

possibility of a number of forms of bias but several steps were taken to minimise this including publishing 

the study protocol a priori; providing clear inclusion and exclusion criteria and ensuring participating units 

recruited consecutive patients; developing standardised outcome definitions and where possible using 

‘hard’ outcomes such as re-operation; margin positivity and treatment start dates which are unambiguous 

and not open to interpretation. Despite this, we acknowledge that our cohort is heterogenous including a 

range of procedures and techniques, but this is itself an important finding in terms of informing future 

studies. Finally, this was a trainee collaborative study, so it is possible that the quality of the data could be 

questioned. Robust quality assurance processes, however were used and none of the centres were 

excluded because of concerns regarding data completeness or accuracy. Despite these limitations, 

therefore, the TeaM study adds significantly to the evidence base in oncoplastic breast surgery, provides 

much needed data to inform decision-making and will inform future research. 
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Therapeutic mammaplasty may offer significant benefits to both patients and service providers but further 

work is needed to robustly define and quantify these benefits to support the ongoing provision of 

specialist care. TM was offered to over 40% of patients in our study as an alternative to mastectomy and 

allowing patients to avoid mastectomy may be one specific area where TM may be used to optimal 

benefit.  Recent work comparing the outcomes of patients undergoing TM and those undergoing 

mastectomy and immediate breast reconstruction suggests that TM may be associated with fewer 

complications51 and better body image, function and quality of life than mastectomy and reconstruction52. 

Further work is needed but TM may also be a more cost-effective approach as many of the patients in 

this cohort would still require post-mastectomy radiotherapy which may adversely impact the outcomes of 

immediate reconstruction, especially if implant-based techniques were used53. More importantly, many of 

the patients who would be offered TM including those with co-morbidities and a high BMI would often not 

be offered immediate reconstruction so the benefits of TM vs. mastectomy alone in these women may be 

significant.  Other groups who may experience particular benefit are those patients with large breasts in 

whom radiotherapy may result in significant complications16. There is ongoing research into how to 

identify patients at high risk of radiotherapy side-effects using biomarkers and clinical predictors54.  While 

this was an indication in less than 20% of our cohort, it may have an increasing role for BCS with 

increasing BMI (and breast size).  Patients may request this form of surgery as awareness of these 

techniques grows and further work is needed to support this approach and to inform the optimal timing of 

contralateral symmetrisation when TM procedures are offered. Randomised clinical trials comparing TM 

with other techniques are largely inappropriate due to patient and surgeon preference and mounting 

evidence to suggest long-term survival benefits for patients undergoing BCS and radiotherapy compared 

to mastectomy55-57. Well-designed prospective cohort studies incorporating validated patient-reported 

outcome measures such as the BREAST-Q58, robust assessments of cosmetic outcome and appropriate 

health economic assessments may provide the best evidence of effectiveness. This preliminary work will 

ensure that any future study reflects current practice and addresses issues that are important to patients 

and the reconstructive community.     

Therapeutic mammaplasty is safe and effective and may provide a better alternative to mastectomy or 

standard BCS for many women. Further work is now needed to establish key patient-reported and longer-
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term oncological outcomes and demonstrate cost-effectiveness so that this promising technique can 

become the new standard of care.   
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Table 1. Demographics of patients included in the TeaM study 

Patient demographics N=880 patients (%) 

Age, years (median, IQR, range) 56 (50-65) (23-86) 

0-44 years 92 (10.5) 

45-54 years 286 (32.5) 

55-64 years 274 (31.1) 

65-74 years 180 (20.5) 

≥75 years 41 (4.7) 

Not reported 7 (0.8) 

BMI, kg/m2 (median, IQR, range) 

Normal (<25) 

Overweight (≥25 & <30)  

Obese (≥30 & <35) 

Severely obese (>35) 

Not reported 

28.3 (25-32.7) (17.0-58.1) 

200 (22.7) 

309 (35.1) 

213 (24.2) 

131 (14.9) 

27 (3.1) 

Smoking status 

Non-smoker (never smoked) 

Ex-smoker 

Current smoker 

Not reported 

 

642 (73) 

132 (15) 

89 (10.1) 

17 (1.9) 

Co-morbidities 

Diabetes 

Ischaemic heart disease 

Current steroid use 

Other co-morbidities 

 

38 (4.3) 

25 (2.8) 

13 (1.5) 

363 (41.3) 

Previous and neoadjuvant cancer therapies 

Previous radiotherapy to the ipsilateral breast 

Neoadjuvant chemotherapy 

Neoadjuvant endocrine therapy 

Neoadjuvant radiotherapy 

 

 6 (0.7) 

104 (11.8) 

54 (6.1) 

4 (0.5) 

Previous breast surgery, n (%), N=899 breasts 67 (7.5) 

American Society of Anesthesiologists (ASA) grade 

Grade 1 

Grade 2 

Grade 3 

Not reported 

 

295 (33.5) 

535 (60.8) 

46 (5.2) 

4 (0.5) 

Presentation 

Screening 

Symptomatic 

Not reported 

 

424 (48.1) 

454 (51.6) 

2 (0.2) 

BMI – body mass index, IQR – interquartile range 
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Table 2 Pre-operative planning and surgical decision making 

 Total TM breasts (n=899) (%) 

Predominant location of tumour by quadrant  

Upper outer 379 (42.2) 

Upper inner 180 (20.0) 

Lower outer 133 (14.8) 

Lower inner 109 (12.1) 

Central (immediately behind nipple) 75 (8.3) 

Not reported 23 (2.6) 

Pre-operative assessment of lesion  

DCIS 146 (16.2) 

Invasive ductal carcinoma 605 (67.3) 

Invasive lobular carcinoma 79 (8.8) 

Other 53 (5.9) 

Not reported 16 (1.8) 

Provisional invasive grade (n=737)  

Grade 1 121 

Grade 2 409 

Grade 3 192 

Provisional grade of DCIS (n=146)  

Low grade 9 

Intermediate grade 37 

High grade 95 

Maximum size of lesion at diagnosis, mm (median, IQR, range) 24 (15-35) (2-120) 

Multifocal 169 (18.8) 

Surgical decision-making Per patient (n=880) (%) 

Contralateral symmetrisation  

Planned simultaneous to TM procedure 283 (31.5) 

Planned for a later date 126 (14.0) 

To be discussed later 246 (38.5) 

Patient declined 65 (7.2) 

Not applicable – bilateral disease 38 (4.2) 

Not reported 41 (4.6) 

Indications for therapeutic mammaplastya  

Large tumour 197 (21.9) 

To avoid mastectomy 379 (42.2) 

To avoid poor cosmetic outcome associated with standard wide local 

excision 

702 (78.1) 

To avoid problems associated with radiotherapy in large breasts 160 (17.8) 

Quality of life benefits 250 (27.8) 

Other 40 (4.5) 
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Other treatment options offereda  

Standard wide local excision 590 (65.6) 

Mastectomy alone 375 (41.7) 

Mastectomy with immediate implant reconstruction  270 (30.0) 

Mastectomy with immediate autologous reconstruction 231 (25.7) 

DCIS – ductal carcinoma in situ; IQR – interquartile range; TM – therapeutic mammaplasty 

aMore than one indication or treatment option could be given per patient 
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Table 3 Operative data 

 N=899, (%) 

Duration of the procedure, minutes (median, IQR, range) 110.5 (90-150) (39-420) 

Grade of operating surgeon  

Consultant 771 (85.8) 

Senior trainee (Oncoplastic Fellow/ST8) 85 (9.5) 

Junior trainee (ST7 or below) 16 (1.8) 

Associate Specialist/Other 22 (2.4) 

Not reported 5 (0.6) 

Number of TMs performed using similar technique unsupervised by the operating 

surgeon 

 

<5 73 (8.1) 

5-10 22 (2.5) 

10-25 87 (9.7) 

>25 671 (74.6) 

Not reported 46 (5.1) 

Pre-operative tumour localisation  

Any method 600 (66.7) 

Bracketing wires or equivalent 170 (18.9) 

Skin incision used 

Wise pattern (inverted T) 

Peri/circumareolar with skin excision (e.g. round block, Benelli or racquet) 

Single vertical scar (Le Jour) 

Grisotti (for central cancers removing nipple-areolar complex, NAC) 

Melon-slice (horizontal wedge excision +/- NAC excision) 

Other 

Not reported 

 

429 (47.7) 

232 (25.8) 

135 (15.0) 

16 (1.8) 

28 (3.1) 

55 (6.1) 

4 (0.4) 

Nipple preservation 

On a pedicle 

As a free nipple graft 

Nipple not preserved 

Not reported 

 

828 (92.1) 

10 (1.1) 

57 (6.3) 

4 (0.4) 

Pedicle used to preserve nipple (if nipple preserved n=828) 

Superior 

Superiomedial 

Medial 

Inferior 

Central mound 

Dual pedicle 

Other/not reported 

 

81 (9.8) 

201 (24.3) 

21 (2.5) 

204 (24.6) 

225 (27.2) 

45 (5.4) 

51(6.2) 

Method of tumour excision 

WLE performed first followed by reduction/mastopexy 

WLE incorporated in reduction specimen (both performed simultaneously) 

Not reported 

 

378 (42.0) 

520 (57.8) 

1 (0.1) 

Intra-operative confirmation of tumour excision  
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None 

Specimen radiography 

Other intra-operative assessment method (e.g. frozen section) 

Not reported 

90 (10.0) 

785 (87.3) 

19 (2.1) 

5 (0.6) 

Weight of wide local excision, grams (median, IQR, range) 83 (44-173) (6-1545) 

Total weight of breast tissue excised, grams (median, IQR, range)  126.5 (50-319) (5-2522) 

Method of marking tumour bed 

None 

Single clip 

Clips to all margins 

Not reported 

 

44 (4.9) 

16 (1.8) 

836 (93.0) 

3 (0.3) 

Axillary surgery performed 

None 

Sentinel node biopsy 

Axillary node clearance 

 

134 (14.9) 

666 (74.1) 

99 (11.0) 

Drains used 296 (32.9) 

Procedure performed to the contralateral breast (n=880 patients)  

None 562 (63.7) 

Contralateral reduction/mastopexy 284 (32.3) 

Bilateral therapeutic mammaplasties 19 (2.2) 

Mastectomy only 2 (0.2) 

Mastectomy and implant reconstruction 2 (0.2) 

Mastectomy and autologous reconstruction 1 (0.1) 

Not reported 10 (1.1) 

IQR – interquartile range, WLE - wide local excision 
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Table 4. Complications at 30 days per breast and per patient 

 

Complication 

Per breast data 

Therapeutic 

mammaplasty (N=899) 

n (%) 

Contralateral 

reduction/mastopexy 

(N=284) n (%) 

Seroma requiring aspiration 35 (3.9) 1 (0.4) 

Haematoma 

Managed conservatively 

Requiring surgical evacuation  

24 (2.3) 

15 (1.7) 

9 (1) 

6 (2.1) 

2 (0.7) 

4 (0.1) 

Infection 

Requiring oral antibiotics 

Requiring IV antibiotics 

Requiring surgical debridement/drainage 

64 (7.1) 

53 (5.9) 

6 (0.7) 

5 (0.6) 

18 (6.3) 

17 (6) 

0 

1 (0.3) 

Skin necrosis, including T junction necrosis 

Minor – managed conservatively 

Major requiring surgical debridement 

59 (6.6) 

56 (6.2) 

3 (0.3) 

22 (7.7) 

21 (7.4) 

1 (0.3) 

Nipple necrosis  

Minor managed conservatively 

Requiring debridement 

(n=828)* 

8 (1.0) 

2 (0.2) 

(n=284)* 

1 (0.4) 

0 (0.0) 

Wound dehiscence 

Managed conservatively 

Requiring return to theatre 

45 (5.0) 

42 (4.6) 

3 (0.3) 

9 (3.2) 

7 (2.5) 

2 (0.7) 

Any complication 181 (20.1) 42 (14.8) 

 

 Per patient data (n=880) 

Any surgical complication within 30 days of TM procedure 205 (23.3) 

Re-operation for complications within 30 days of TM 25 (2.8) 

In hospital complications 

Reaction to blue dye 

Surgical complicationa 

Medical complicationb 

Other 

12 (1.3) 

2 (0.2) 

5 (0.6) 

2 (0.2) 

3 (0.3) 

Readmission for complications following discharge within 30 

days of surgeryc 

12 (1.4) 

Length of stay 

Daycase 

23 hour 

Inpatient 

Not reported 

 

351 (39.9) 

232 (26.4) 

289 (32.8) 

8 (0.9) 

*Denominator is breasts that kept their nipple on a pedicle; aHaematomas requiring evacuation, bCardiac arrhythmias 
cincluded admission for intravenous antibiotic (n=4); evacuation of haematoma (n=2); debridement of nipple necrosis (n=1); 
drainage of recurrent seroma (n=1) and recurrent SVTs (n=1) 
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Table 5. Risk factors for post-operative complications 

  

Variable 

Univariable p-value Multivariable (N=790, 

events=185) 

p-value 

N (events, %) Odds Ratio (95% CI) Odds Ratio (95% CI) 

Age (per year increase) 873 (204, 23%) 1.00 (0.98, 1.01) 0.652   

Current smoker 

No 

Yes 

863 (204, 24%) 

774 (171, 22%) 

89 (33, 37%) 

 

Reference 

2.08 (1.35, 3.20) 

 

 

0.001* 

 

 

2.32 (1.51, 3.56) 

 

 

<0.001** 

BMI, kg/m2 

Normal <25 

Overweight 25-29 

Obese 30-34 

Severely obese 35+ 

853 (201, 24%) 

200 (29, 15%) 

309 (68, 22%) 

213 (63, 30%) 

131 (41, 31%) 

 

Reference 

1.66 (1.03, 2.68) 

2.48 (1.55, 3.95) 

2.69 (1.52, 4.76) 

 

 

0.037* 

<0.001* 

0.001* 

 

Reference 

1.25 (0.77, 2.04) 

1.73 (1.05, 2.86) 

1.77 (0.96, 3.27) 

 

 

0.363 

0.033** 

0.066 

Diabetes 

No 

Yes 

870 (203, 23%) 

832 (197, 24%) 

38 (6, 16%) 

 

Reference 

0.60 (0.25, 1.44) 

 

 

0.254 

  

Any comorbidities 

No 

Yes 

880 (205, 23%) 

490 (106, 22%) 

390 (99, 25%) 

 

Reference 

1.23 (0.92, 1.66) 

 

 

0.167 

  

ASA grade 

Grade 1 

Grade 2 

Grade 3 

876 (204, 23%) 

295 (50, 17%) 

535 (140, 26%) 

46 (14, 30%) 

 

Reference 

1.74 (1.25, 2.41) 

2.14 (1.02, 4.49) 

 

 

0.001* 

0.043* 

 

Reference 

1.45 (1.07, 1.96) 

1.68 (0.71, 3.98) 

 

 

0.018** 

0.236 

Neoadjuvant chemotherapy 

No 

Yes 

879 (205, 23%) 

775 (179, 23%) 

104 (26, 25%) 

 

Reference 

1.11 (0.68, 1.82) 

 

 

0.681 

  

Surgeon grade 

Trainee 

Consultant 

876 (203, 23%) 

121 (34, 28%) 

755 (169, 22%) 

 

Reference 

0.74 (0.53, 1.04) 

 

 

0.078 

  

Surgical experience 

≤25 similar procedures  

>25 similar procedures 

866 (201, 23%) 

103 (32, 31%) 

763 (169, 22%) 

 

Reference 

0.63 (0.41, 0.97) 

 

 

0.034* 

 

 

0.60 (0.41, 0.88) 

 

 

0.010** 

Skin incision type 

Other than wise pattern 

Wise pattern 

876 (204, 23%) 

462 (72, 16%) 

414 (132, 32%) 

 

Reference 

2.54 (1.87, 3.44) 

 

 

<0.001* 

 

 

1.90 (1.20, 3.00) 

 

 

0.006** 

Unilateral or bilateral surgery  

Unilateral TM 

TM + contralateral symmetrisation 

Bilateral TM 

880 (205, 23%) 

577 (107, 19%) 

284 (89, 31%) 

19 (9, 47%) 

 

Reference 

2.00 (1.33, 3.02) 

3.95 (1.33, 11.78) 

 

 

0.001* 

0.014* 

 

Reference 

1.32 (0.70, 2.47) 

3.40 (0.82, 14.10) 

 

 

0.389 

0.092 

Axillary surgery 

None 

Sentinel node biopsy 

Axillary node clearance 

880 (205, 23%) 

129 (31, 24%) 

653 (146, 22%) 

98 (28, 29%) 

 

Reference 

0.91 (0.55, 1.52) 

1.26 (0.67, 2.40) 

 

 

0.720 

0.473 

 

 

 

 

 

Specimen weight (per 10g increase) 842 (196, 23%) 1.01 (1.01, 1.02) <0.001* 1.00 (1.00, 1.01) 0.612 

Drains used 

No 

Yes 

873 (202, 23%) 

584 (117, 20%) 

289 (85, 29%) 

 

Reference 

1.66 (1.20, 2.30) 

 

 

0.002* 

 

 

1.16 (0.82, 1.64) 

 

 

0.400 

Procedure duration (per extra hour)a 400 (93, 23%) 1.74 (1.33, 2.29) <0.001a   

*=p<0.1 therefore put variable put forward to multivariable analysis. **=p<0.05 therefore strong association with having a post-
operative complication in the multivariable analysis 
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aProcedure duration is highly significant in the univariate analysis, but given the high level of missing data (n=480), this variable was 

not carried forward to the multivariable analysis 

ASA – American Society of Anaesthesiologists; BMI – body mass index, TM – therapeutic mammaplasty 
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Table 6. Post-operative histology and tumour characteristics in therapeutic 
mammaplasty cases with complete and incomplete excision margins  

 Per breast: N=899 (%)* 

Post-operative histology Completely excised 
N=744 (82.8%) 

Incompletely excised 
N=132 (14.7%) 

Type of lesion 
Ductal carcinoma in situ 
Invasive ductal carcinoma 
Invasive lobular carcinoma 
Other invasive 
Not reported 

 
108 (14.5) 
512 (68.8) 
74 (10.0) 
46 (6.2) 
4 (0.5) 

 
24 (18.2) 
81 (61.4) 
15 (11.4) 
12 (9.1) 
0 (0.0) 

Grade  
Invasive (n=744) 
Grade 1 
Grade 2 
Grade 3 
Not reported 
Ductal carcinoma in situ (DCIS) (n=132) 
Low grade 
Intermediate grade 
High grade 

 
 

110 (13.6) 
302 (40.6) 
217 (29.2) 
124 (16.7) 

 
10 (9.3) 

30 (27.8) 
68 (63.0) 

 
 

16 (12.1) 
58 (43.9) 
32 (24.2) 
26 (19.7) 

 
0 (0.0) 

3 (12.5) 
21 (87.5) 

Multifocal tumour 
No 
Yes 
Not reported 

 
606 (81.5) 
133 (17.8) 

5 (0.7) 

 
72 (54.5) 
59 (44.7) 

1 (0.8) 

Size of largest invasive tumour, mm (median, IQR, range)** 18 (10, 26) (0-155)a 22 (13, 37) (0-145)b 

Total size of lesion including DCIS, mm (median, IQR, range)** 23 (15, 34) (0-144)c 39 (25, 54) (5-145)d 

Receptor status*** 
ER positive 
HER-2 positive 
Not reported 

 
565 (75.9) 
108 (14.5) 

71 (9.5) 

 
90 (68.2) 
19 (14.4) 
23 (17.4) 

Lymph node status (n=765) 
Number of lymph nodes involved - macrometastases only (median, IQR, 
range)  
N0 
N1 

 
 

0 (0-0) (0-25) 
495 (66.5) 
77 (10.4) 

 
 

0 (0-0) (0-18) 
82 (62.1) 

9 (6.8) 

*23 (2.6%) did not have data recorded on whether or not there was complete excision 

**Including patients who had a complete pathological response with neoadjuvant chemotherapy; ***Denominator is those with 
invasive lesions; ER – oestrogen receptor; IQR – interquartile range; MDT – multidisciplinary team 
aNot reported for 35 bNot reported for 11 cNot reported for 45 dNot reported for 6 
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Table 7. Risk factors for incomplete excision of tumour according to local MDT criteria 

  

Variable 

  

Univariable 

 

 

Multivariable (N=859, events=130) 

 

N (events, %) Odds Ratio 

(95% Confidence 

Interval) 

p-value Odds Ratio 

(95% Confidence 

Interval) 

p-value 

Age (per year increase) 869 (130, 15%) 0.99 (0.98, 1.01) 0.441   

Neoadjuvant chemotherapy 

No 

Yes 

875 (131, 15%) 

774 (121, 16%) 

101 (10, 10%) 

 

Reference 

0.59 (0.27, 1.29) 

 

 

0.188 

  

Maximum pre-operative size (as 

per 5mm increases) 

862 (131, 15%) 1.07 (1.02, 1.11) 0.002* 1.06 (1.02, 1.11) 0.009** 

Pre-op multifocality 

No 

Yes 

872 (131, 15%) 

706 (98, 14%) 

166 (33, 20%) 

 

Reference 

1.54 (1.08, 2.20) 

 

 

0.019* 

 

Reference 

1.48 (1.02, 2.14) 

 

 

0.038** 

Pre-op localisation 

No 

Yes 

865 (131, 15%) 

279 (36, 13%) 

586 (95, 16%) 

 

Reference 

1.31 (0.93, 1.82) 

 

 

0.117 

  

Specimen imaging 

No 

Yes 

872 (131, 15%) 

87 (8, 9%) 

785 (123, 16%) 

 

Reference 

1.83 (0.84, 4.02) 

 

 

0.129 

  

Disease type 

DCIS 

Invasive 

814 (120, 15%) 

132 (24, 18%) 

682 (96, 14%) 

 

Reference 

0.74 (0.46, 1.18) 

 

 

0.208 

  

Positive nodal status  

N0 

N1/N2 

744 (107, 14%) 

577 (82, 14%) 

167 (25, 15%) 

 

Reference 

1.06 (0.65, 1.73) 

 

 

0.806 

  

Positive HER-2 Status 

No 

Yes 

758 (108, 14%) 

127 (19, 15%) 

631 (89, 14%) 

 

Reference 

0.93 (0.55, 1.58) 

 

 

0.798 

  

Positive ER Status 

No 

Yes 

784 (112, 14%) 

655 (90, 14%) 

129 (22, 17%) 

 

Reference 

1.29 (0.72, 2.31) 

 

 

0.391 

  

Ductal vs lobular invasive 

disease  

Ductal 

Invasive lobular 

Other 

872 (132, 15%) 

725 (105, 14%) 

89 (15, 17%) 

58 (12, 21%) 

 

 

Reference 

1.20 (0.70, 2.03) 

1.54 (0.81, 2.92) 

 

 

 

0.506 

0.185 

 

 

 

 

 

 

 

 

Grade of invasive disease on 

post-operative pathology 

Ductal carcinoma in situ (DCIS) 

1 

2 

3 

858 (130, 15%) 

 

132 (24, 18%) 

117 (16, 14%) 

360 (58, 16%) 

249 (32, 13%) 

 

 

1.40 (0.81, 2.43) 

Reference 

1.21 (0.74, 1.98) 

0.93 (0.53, 1.63) 

 

 

0.229 

 

0.442 

0.803 

 

 

 

 

 

 

 

 

Presentation type 

Symptomatic 

Screening 

875 (132, 15%) 

419 (66, 16%) 

456 (66, 14%) 

 

Reference 

0.91 (0.63, 1.30) 

 

 

0.592 

  

Specimen weight (per 10g 

increase) 

840 (126, 15%) 0.99 (0.99, 1.00) 0.274   

*= P<0.1 therefore put variable put forward to multivariable analysis. **=P<0.05 strong association with incomplete excision in the 
multivariable analysis 
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Table 8.  Multidisciplinary team decision-making and time to adjuvant therapy 

Adjuvant treatment recommendations and time to adjuvant therapy Per patient: N=880 n (%) 

Chemotherapy   
Not recommended 509 (57.8) 
Chemotherapy recommended 273 (31.0) 
Chemotherapy accepted 228 (25.9) 
Chemotherapy previously given 78 (9.1) 
Missing 20 (2.3) 

Radiotherapy   
Not recommended 67 (7.6) 
Recommended 794 (90.2) 
Already given 2 (0.2) 
Missing 17 (1.9) 

Adjuvant chemotherapy and/or radiotherapy required 811 (92.2) 

Time to first adjuvant therapy (n=695) (days) (median, IQR, range) 54 (42-66) (6-287) 
Time to chemotherapy as first adjuvant therapy (n=204) (days) (median, IQR, range) 47 (30-58) (14-237) 
Time to radiotherapy as first adjuvant therapy (n=491) (days) (median, IQR, range) 56 (44-69) (6-287) 

IQR – interquartile range 

 


