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ABSTRACT
Introduction  Breast reconstruction (BR) is offered to 
improve quality of life for women with breast cancer 
undergoing mastectomy. As most women will be long-term 
breast cancer survivors, high-quality information regarding 
the long-term outcomes of different BR procedures is 
essential to support informed decision-making. As different 
techniques vary considerably in cost, policymakers also 
require high-quality cost-effectiveness evidence to inform 
care. The Brighter study aims to explore the long-term 
clinical and patient-reported outcomes (PROs) of implant-
based and autologous BR and use health economic 
modelling to compare the long-term cost-effectiveness of 
different reconstructive techniques.
Methods and analysis  Women undergoing mastectomy 
and/or BR following a diagnosis of breast cancer between 
1 January 2008 and 31 March 2009 will be identified from 
hospital episode statistics (HES). Surviving women will be 
contacted and invited to complete validated PRO measures 
including the BREAST-Q, EQ-5D-5L and ICECAP-A, or opt 
out of having their data included in the HES analysis. Long-
term clinical outcomes will be explored using HES data. 
The primary outcome will be rates of revisional surgery 
between implant-based and autologous procedures. 
Secondary outcomes will include rates of secondary 
reconstruction and reconstruction failure. The long-term 
PROs of implant-based and autologous reconstruction will 
be compared using BREAST-Q, EQ-5D-5L and ICECAP-A 
scores. Multivariable regression will be used to examine 
the relationship between long-term outcomes, patient 
comorbidities, sociodemographic and treatment factors. A 
Markov model will be developed using HES and PRO data 
and published literature to compare the relative long-term 
cost-effectiveness of implant-based and autologous BR.
Ethics and dissemination  The Brighter study has been 
approved by the South-West -Central Bristol Research 
Ethics Committee (20/SW/0020), and the Confidentiality 
Advisory Group (20/CAG/0021). Results will be published 

in peer-reviewed journals and presented at national 
meetings. We will work with the professional associations, 
charities and patient groups to disseminate the results.

INTRODUCTION
Breast cancer survival is increasing. Over 
75% of the 55 0001 women diagnosed with 
breast cancer each year in the UK will survive 
at least 10 years following their diagnosis 
and two-thirds will survive 20 years or more. 
Despite advances in breast cancer treatment, 

Strengths and limitations of this study

►► This study will use a robust comprehensive na-
tional population-based cohort design to generate 
high-quality long-term clinical and patient-reported 
outcome data for different approaches to breast 
reconstruction.

►► Analysis of hospital episode statistics will provide a 
comprehensive description of the additional NHS-
funded procedures performed following primary 
breast reconstruction in England but is dependent 
on the quality of procedure coding and will not cap-
ture privately funded procedures or procedures per-
formed in devolved nations.

►► Women in the cohort underwent breast recon-
struction approximately 10 years before the study 
and engagement and patient-reported outcome re-
sponse rates may be low.

►► Reconstructive practice in the UK has changed 
over the study period, but a comparison of implant/
expander-based and autologous techniques remains 
valid and will provide much needed long-term out-
come data to inform practice.
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up to 40%2 of women will require a mastectomy as their 
surgical treatment. The loss of a breast can profoundly 
affect women’s quality of life3 and breast reconstruction 
(BR) is routinely offered to improve outcomes.4 As most 
women will now be long-term cancer survivors, long-term 
outcome data are increasingly important to help patients 
and surgeons make informed decisions about their treat-
ment options.

Decision-making for BR is complex. Many procedures 
can be performed but these can broadly be divided into 
implant-based and autologous techniques where the 
patient’s own tissues are used to reconstruct the breast.5 
Autologous reconstruction can be performed either 
with pedicled flaps (eg, latissimus dorsi or transverse 
rectus abdominus myocutaneous flap), where the skin 
and muscle from the donor-site (back or abdomen) is 
rotated into the breast area or more complex free-flaps 
which involve the use of microsurgical techniques to 
reconstruct the breast using tissue from the abdomen, 
buttock or thigh. These approaches differ significantly in 
the duration of the procedure; length of hospital stay and 
postoperative recovery; number and position of scars and 
complications. Each procedure can be performed at the 
time of mastectomy (immediate BR) or delayed (delayed 
BR), often until necessary cancer treatments (chemo-
therapy and/or radiotherapy) have been completed.5 
Patients and surgeons need to be able to balance the 
short-term risks and benefits of different approaches to 
BR with the long-term outcomes of surgery to make fully 
informed decisions. As different techniques vary consid-
erably in cost, policymakers also require high-quality cost-
effectiveness data to inform the evidence-based provision 
of care.

Long-term outcome data, however are lacking and 
high-quality comparative studies are rare.

Long-term clinical outcome studies
Few studies report long-term clinical outcomes of BR.6 
Most evidence comes from small, single-centre, retro-
spective case series with limited follow-up.6 Few studies 
directly compare different procedures6 and as outcome 
reporting is inconsistent and heterogenous, results of 
individual studies cannot be meaningfully compared.

Large multicentre studies from North America have 
shown significantly higher complication rates in patients 
undergoing autologous reconstruction compared with 
those receiving implant-based procedures at 30 days 
(12.47% vs 5.38%; OR: 1.47 (95% CI: 1.15 to 1.89))7; 
1 year (any complication 46.9% vs 24.7%; OR: 2.22 (95% 
CI: 1.57 to 3.13)); major complications requiring read-
mission/reoperation (18.0% vs 9.3%; OR: 1.75 (95% CI: 
1.19 to 2.58))8 and 2 years following surgery,9 although 
the rate of reconstruction failure was higher in patients 
undergoing implant-based procedures at 2 years.9 
These relatively short-term outcomes however, need to 
be balanced against the need for additional surgery for 
long-term complications such as capsular contracture. 
Data are limited, but a UK population-based study of 

13 736 women undergoing immediate BR between 2007 
and 2013 demonstrated significantly higher revision 
rates at 3 years post reconstruction in patients under-
going implant procedures (55.7%) than those receiving 
autologous reconstruction (21.2%). Furthermore, over 
a quarter (27.6%) of patients who initially had implant 
BR required a secondary reconstruction (replacement of 
their implant with another form of BR) over the same 
period.10 The mean follow-up in this cohort was only 3.7 
years, but as the median time to secondary reconstruction 
is between 411 and 6 years12, this may underestimate the 
true scale of the problem, providing further impetus for 
the long-term outcomes of implant-based and autologous 
BR to be explored.

Long-term patient reported outcome studies
Long-term patient-reported outcomes (PROs) comparing 
implant-based and autologous BR are similarly lacking. 
Several early studies failed to demonstrate any differ-
ence in PROs between procedure types but as these 
used generic PROs which are not sensitive to BR-related 
concerns,13 the results cannot be relied upon.14 15

More recently, large multicentre studies have 
compared implant-based and autologous BR using the 
BREAST-Q16, a fully-validated BR-specific PRO question-
naire. These studies suggest patients undergoing autolo-
gous reconstruction are significantly more satisfied with 
the outcomes of their surgery and report better health-
related quality of life (HRQL) than those undergoing 
implant BR at 12 months17, 18 months18 and 2 years19 
postsurgery. Longer-term data are lacking but a single-
centre cross-sectional study of 219 patients undergoing 
implant-based and autologous BR with a mean follow-up 
of 6.5 years suggests that patients receiving implant BR 
are significantly less satisfied with the aesthetic outcome 
of their surgery over time compared with those under-
going autologous procedures.20

The Love Research Army (formerly the US Army of 
Women) study has recruited 1956 patients with BR with 
the aim of exploring changes in HRQL over time.21 The 
study has yet to report, but the numbers of women under-
going each procedure type are likely to be relatively small 
and the self-selected, highly educated patient groups are 
unlikely to reflect the UK population.21 There is there-
fore a need for long-term PROs comparing implant-based 
and autologous BR in the UK to inform decision-making 
and provide evidence for effectiveness.

Cost-effectiveness studies
Studies comparing the costs and/or cost-effectiveness 
of implant-based and autologous reconstruction have 
produced conflicting results.22–29 This is likely to reflect 
variations in the methods used to determine costs of the 
index procedure and subsequent interventions; compli-
cation and revision rates observed in the cohort and 
the duration of follow-up considered. Cost-effectiveness 
models using decision analysis methods offer a means 
of comparing the long-term efficiency of different 
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reconstructive techniques.30 Decision analytical models, 
however, require assumptions to be made about the costs 
and the effectiveness of interventions which must be valid 
if the results are to be meaningful. Many of the existing 
models have significant methodological limitations 
including the use of complication rates reported in the 
literature23 25 31 32 or included only limited follow-up.33 34

A further methodological challenge is the valuation 
of the outcomes of BR procedures.35 36 Health utilities 
are usually measured with generic instruments (eg, the 
EQ-5D-5L) which can be used to estimate quality-adjusted 
life-years (QALYs). Generic measures have been shown to 
have limited validity in a BR population,14 the EQ-5D-5L 
was not able to differentiate between implant-based and 
autologous reconstruction cohorts.37 Other studies have 
used the Breast QALY, a measurement derived from the 
BREAST-Q questionnaire.23 31 The BREAST-Q Utility 
module is in development and will offer a solution but 
is not yet ready for use.38 39 A Breast QALY can be inter-
preted as 1 year of perfect breast HRQL.31 Although this 
allows efficiency to be measured, the value of a Breast 
QALY to society is unknown, making interpretation of 
results for policymakers difficult. The recently developed 
ICECAP-A40 assessment of capability may represent a 
complementary approach as it focuses on five attributes 
of well-being (ie, attachment, stability, achievement, 
enjoyment and autonomy) but has yet to be used in a 
reconstruction population.

Well-designed studies, and ideally, randomised 
controlled trials (RCTs), are needed to determine the 
long-term clinical and cost-effectiveness of different 
approaches to BR,41 but RCTs comparing types of BR 
have not been feasible due to patient and surgeon pref-
erence,42 43 and large prospective cohort studies are time-
consuming and expensive. A population-based cohort 
approach using a combination of routinely collected clin-
ical outcome data and cross-sectional PROs assessment 
may offer a timely and efficient approach for estimating 
the long-term outcomes and costs of BR.

METHODS AND ANALYSIS
Primary aim
The primary aim of the Brighter study is to explore the 
long-term clinical and cost-effectiveness of implant-based 
and autologous (pedicled and free-flap) BR to help 
patients, health professionals and commissioners make 
more informed decisions about reconstructive breast 
surgery. Secondary aims are to compare outcomes in 
patients undergoing immediate and delayed BR, and 
to explore long-term outcomes in patients undergoing 
mastectomy only.

Study design
The Brighter study will consist of three parts:
1.	 A clinical outcomes cohort study using hospital epi-

sode statistics (HES).
2.	 A PROs study.

3.	 A cost-effectiveness analysis.
For all analyses, it is anticipated that the following 

approaches to BR will be compared:
1.	 Expander/implant reconstruction.
2.	 Pedicled flap reconstruction with implant/expander.
3.	 Autologous pedicled flaps.
4.	 Free-flap reconstruction

Secondary exploratory analyses will compare outcomes 
in patients undergoing immediate and delayed BR and 
those undergoing mastectomy only.

Patient and public involvement
The protocol for the Brighter study has been codevel-
oped in collaboration with patient representatives from 
Independent Cancer Patients’ Voice (ICPV) to provide 
much needed long-term BR outcome data to inform 
decision-making.41 There has been extensive patient and 
public involvement (PPI) in the study design to explore 
the acceptability of using routinely collected data to iden-
tify potential study participants without consent and in 
the development of patient-facing materials to ensure 
that study documents are clear and sensitive to the time 
that has passed since the participants’ initial breast 
cancer diagnosis and treatment. Patient involvement has 
included focus groups; presentation of the study at local 
support group meetings and discussion on social media 
platforms following which study design and materials were 
iteratively refined. Patient representatives, both members 
of ICPV, sit on the steering group and will comment on 
the clinical and PRO data as it is generated and on the 
health economic model structure to ensure that it is rele-
vant and reflects the patient experience. We will work 
with our patient representatives to develop lay summaries 
to disseminate the results to patient groups and charities 
to ensure that the study findings are accessible and can 
benefit patient decision-making in the future.

UK National Mastectomy and Breast Reconstruction Audit
The UK National Mastectomy and Breast Reconstruc-
tion Audit (NMBRA) collected data on 18 216 women 
undergoing unilateral mastectomy and/or BR following 
a diagnosis of breast cancer or ductal carcinoma in situ 
(DCIS) at 150 English National Health Service (NHS) 
trusts, six non-English trusts and 114 independent hospi-
tals over a 15-month period between 1 January 2008 and 
31 March 2009.18 The audit included clinical and PROs 
and provided a comprehensive picture of the provision 
and outcomes of care for women undergoing mastectomy 
and BR surgery in the UK.

The NMBRA represents a unique resource and the 
current study aimed to follow-up the original NMBRA 
cohort to provide 10-year clinical and PRO data for this 
group. Changes to data protection legislation in 2018, 
however, meant that the original dataset was no longer 
available for data linkage. Patients meeting the eligi-
bility criteria to be included in the 2008/2009 NMBRA 
will therefore be identified from HES and will form the 
cohort for the current study.
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Cohort identification and invitation to participate/opt out
The Brighter cohort will be identified via NHS HES. 
The cohort will include all women diagnosed with inva-
sive breast cancer or DCIS (International Classification 
of Diseases version 10 codes C50 and D05, respectively) 
undergoing a unilateral mastectomy (Office of Popula-
tion Censuses and Surveys (OPCS) Classification of Inter-
ventions and Procedures (version 4) code B27) and/or 
BR procedure (B29 (excluding B29.5, reconstruction 
breast revision); B30.1 (insertion of prosthesis); S48.2 
(insertion of skin expander into subcutaneous tissue of 
breast), B38 (reconstruction of breast using flap of skin of 
buttock) or B39 (reconstruction of breast using abdom-
inal flap))44 between 1 January 2008 and 31 March 2009. 
Women will be considered to have undergone immediate 
BR if the reconstructive procedure was performed on 
the same side and same day as the index mastectomy.44 
Women in the delayed reconstruction cohort will have 
undergone a reconstructive procedure to the same side 
as their index mastectomy but at a later date.44 The 
requested extract will include all HES records (Admitted 
Patient Care, Outpatients, Critical Care and Accident 
and Emergency) for eligible patients from 1 year prior to 
surgery, to allow calculation of the Charlson comorbidity 
index45 to the present allowing for 10 years of follow-up 
data on all secondary care contacts and costs.

Up-to-date contact details will be obtained for surviving 
women in the cohort via NHS Digital and linkage of the 
HES extract with the Personal Demographics Service. All 
women will be sent a study pack including an invitation 
letter, participant information sheet and consent form 
with a unique study ID. The study pack will include infor-
mation about the study including how to participate in 
the PRO study (see below) and how to opt out of having 
their clinical data used. Participants will be encouraged 
to participate/opt out online, but paper versions of 
the consent form and prepaid reply envelopes will be 
provided. All HES records of participants who opt out 
will be permanently deleted. If no response (positive or 
negative) is received 4 weeks after the initial mailing, a 
further invitation letter including a unique study ID and 
link to the study website will be sent to non-responders. 
If no response is received 4 weeks after the second invita-
tion, it will be assumed that women do not wish to partic-
ipate in the PRO study but that they have no objection to 
their data being used in the clinical outcomes analysis. 
Data for women who have died since their diagnosis will 
be included in the analysis.

HES population-based cohort study
Outcomes
The primary outcome for the HES clinical outcomes study 
will be the rates of revisional surgery following different 
types of immediate and delayed primary BR. Secondary 
outcomes will include the proportion of patients in 
each group undergoing secondary reconstruction; rates 
of reconstruction failure; the proportions of patients 
undergoing symmetrisation procedures and completion 

of their reconstruction with nipple reconstruction/
areolar tattooing and the overall numbers of procedures 
performed in each reconstruction group. Outcomes in 
women undergoing immediate and delayed BR will be 
compared.

For women undergoing mastectomy only during the 
initial study period, the proportion of patients subse-
quently undergoing delayed reconstruction; the types 
of reconstruction performed and the timing of delayed 
reconstruction will be explored.

Definitions
For the purposes of this study, the following definitions 
will be used:

Revisional surgery will be defined as any additional 
surgery to the chest wall, reconstructed breast or donor 
site, with the same laterality as the initial surgery or 
involving the donor-site area. An iterative list of OPCS 
procedure codes identifying revision procedures will 
be developed and refined in collaboration with expert 
breast and plastic surgeons and the existing literature to 
ensure that it is complete and comprehensive prior to 
commencing the analysis.

Secondary reconstruction is a subgroup of revisions and 
will be defined as the replacement of the index recon-
struction with another, usually different, type of recon-
struction with or without reconstruction failure (when 
the index reconstruction is removed and not replaced). 
Women undergoing a subsequent expander/implant 
reconstruction following reconstruction failure will 
be considered to have undergone a secondary recon-
struction. Women undergoing exchange of expander/
implant, in which one expander/implant was removed 
but immediately replaced with another prosthesis, will be 
considered to have had a revision of their reconstruction 
rather than a secondary reconstruction.

Reconstruction failure will be defined as the removal of 
the reconstruction without replacement.

Symmetrisation surgery will be defined as any proce-
dure performed to the contralateral breast to improve 
symmetry and will include augmentation, mastopexy and 
breast reconstructionR procedures.

Procedures performed to complete the reconstruction will 
include nipple reconstruction, nipple share and nipple/
areolar tattooing.

Statistical analysis
Analysis of the HES records of all those who have not 
opted out will begin 2 months after the initial mail out.

Simple summary statistics will be calculated to describe 
the number, type and timing of revision procedures, 
reconstruction failures and secondary reconstructions 
in the whole cohort and by procedure and timing. The 
number, type and timing of delayed reconstructions 
performed in the mastectomy cohort will be summarised. 
Categorical data will be summarised by counts and 
percentages. Continuous data will be summarised by 
mean, SD and range if the data are not skewed, and 
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median, interquartile range (IQR) and range if the data 
are skewed.

Rates of revision surgery, reconstruction failure 
and secondary reconstruction will be calculated for 
each procedure type and timing and unadjusted rates 
compared using the χ2 test. Kaplan-Meier survival plots 
will be used to compare rate and timing of revision and 
reconstruction failure by procedure type and a log-rank 
test will be performed. Estimates of revision rates will 
be adjusted for statistical censoring due to death. These 
analyses will be extended to include covariates using Cox 
proportional hazards modelling.

Multivariable logistic regression will be used to examine 
the relationship between revision surgery, reconstructive 
failure, secondary reconstruction and sociodemographic 
(age/ethnicity/deprivation) and treatment factors 
(BR type and timing/postmastectomy radiotherapy), 
Charlson Comorbidity Index and treatment centre. These 
factors have been identified from the literature8 46–48 and 
previous work as impacting the complication rates of 
BR.49–51

Similar methods will be used to explore the association 
between the uptake of delayed reconstruction and socio-
demographic, tumour-related and treatment factors.

PROs study
The aim of the PRO study is to collect long-term PRO 
data on a large cohort of women undergoing simple 
mastectomy, immediate and delayed reconstruction 
and to compare long-term PROs in women undergoing 
implant-based and autologous procedures.

Surviving women will be contacted and invited to 
complete using three validated questionnaires, the 
BREAST-Q16, EQ-5D-5L,52 ICECAP-A40 and short study-
specific questionnaire including details of their initial 
surgery, smoking status; body mass index and any revi-
sion surgery they have undergone at a median of 12 years 
after their initial mastectomy and/or BR. Women will be 
encouraged to provide consent and complete question-
naires on-line via the REDCap53 survey tool but paper 
copies will be sent to women who prefer this option.

Statistical analysis for the PRO study
Each instrument will be scored according to the devel-
opers’ instructions. Simple summary statistics will be 
calculated to describe the domain (BREAST-Q) and 
preference-based (EQ-5D-5L/ICECAP-A) scores for the 
whole cohort and by procedure type and timing. Contin-
uous data will be summarised by mean, SD and range if 
the data are not skewed, and median, IQR and range if 
the data are skewed.

Multivariable regression will be used to examine 
the relationship between PRO scores and sociodemo-
graphic54 and treatment factors (BR type and timing/
postmastectomy radiotherapy/revision surgery/recon-
struction failure),17–19 50 and the Charlson Comorbidity 
Index.

Cost-effectiveness study
This component of the study will develop a decision 
model to compare the lifetime cost-effectiveness of various 
unilateral implant-based and autologous BR options for 
women undergoing a BR at the time of mastectomy for 
breast cancer. The following implant-based and autolo-
gous BR options will likely be evaluated:
1.	 Expander/implant reconstruction.
2.	 Pedicled flap reconstruction with implant/expander.
3.	 Autologous pedicled flaps.
4.	 Free-flap reconstruction

The model’s likely structure will involve a decision-tree 
combined with a Markov process potentially consisting 
of four health states: ‘Primary BR’; ‘Secondary BR’; ‘BR 
removed’; and ‘Dead’. The decision-tree will estimate the 
initial surgery costs and complications, while the Markov 
model will track the lifetime costs and health outcomes. 
Within the decision-tree, all women with breast cancer 
will undergo their primary BR at the time of mastectomy, 
where they will either experience no complications, 
complications or a failed reconstruction (implant/flap 
failure). Women with a BR will enter the Markov model 
via the ‘Primary BR’ state, while women with a failed 
reconstruction will enter via the ‘BR removed’ state. 
Some women will undergo secondary reconstruction and 
consequently move into the ‘Secondary BR’ state; women 
can have more than one secondary reconstruction. 
Women could also stay in their current health state or die 
from any health state. A proportion of women within the 
‘Primary BR’ and ‘Secondary BR’ states will require subse-
quent revision(s) and/or completion surgery.

The model will be populated with findings from the 
HES analysis and PRO study and will be supplemented 
with additional data from the literature. The baseline 
hazards of BR removal and secondary BR will be obtained 
from the HES analysis, while the HRs between the 
different BR options will likely be obtained from the HES 
analysis and/or a long-term cohort study in the absence 
of RCTs. Inpatient costs for revision procedures identi-
fied from HES will be included. The model will take the 
perspective of the UK NHS for costs and calculate QALYs 
as the primary outcome measure based on the EQ-5D-5L 
data from the PRO study. We will compare the associa-
tions between EQ-5D-5L and BREAST-Q scores and initial 
BR procedures to assess whether findings are likely to be 
sensitive to the choice of outcome measure. Costs and 
QALYs incurred beyond 12 months will be discounted by 
3.5% per annum.55

We will use a cycle length of 3 months to track changes 
in costs and QALYs. Given that a secondary reconstruc-
tion can take place many years after the primary one,12 
we will run our model over a lifetime horizon. The 
cycle-specific probability of survival will be derived from 
age-specific and sex-specific Office of National Statistics 
(ONS) cancer survival statistics for women diagnosed 
with breast cancer.56

The model will be probabilistic to quantify the uncer-
tainty in the choice between different BR options. 
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Cost-effectiveness will be summarised using incremental 
net monetary benefits and cost-effectiveness acceptability 
curves to demonstrate how the NHS willingness-to-pay 
threshold for an additional QALY affects the probability 
that a strategy is considered cost-effective.

Study timelines
The study commenced in October 2019. NHS Digital 
Independent Group Advising on the Release of Data 
(IGARD) approval was obtained in April 2021. Data from 
NHS Digital are expected to be received by August 2021. 
Questionnaires will be sent August/September 2021 and 
the analysis is planned to be completed early 2022.

ETHICS AND DISSEMINATION
The Brighter study (IRAS 276030) has been approved by 
the South West-Central Bristol Research Ethics Committee 
(REC reference 20/SW/0020), and the Confidentiality 
Advisory Group (20/CAG/0021).

All potential participants will be informed about the 
study and given 2 months to opt out of having their data 
used in the study. Written consent (paper or electronic) 
will be obtained prior to participation in the PRO study.

Results will be published in peer-reviewed journals and 
presented at national meetings. Lay summaries will be 
developed in collaboration with our PPI members and 
disseminated via the study website and social media. We 
will work with the professional associations (Association 
of Breast Surgery, British Association of Plastic Recon-
structive and Aesthetic Surgeons and the Royal College 
of Nursing), charities and patient groups to produce 
up-to-date patient resources that include informa-
tion on the need for further surgery over time and the 
long-term PROs of different reconstruction techniques 
to help women make more informed decisions about 
surgery. Policy documents will be produced to promote 
the evidence-based provision of reconstructive services in 
the UK and shared with NHS England and the Cancer 
Alliances.
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