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Abstract

Background: Cosmetic result following breast conserving surgery (BCS) for cancer influences quality of life and
psychosocial functioning in breast cancer patients. A preoperative prediction of expected cosmetic result following
BCS is not (yet) standard clinical practice and therefore the choice for either mastectomy or BCS is still subjective.
Recently, we showed that tumour volume to breast volume ratio as well as tumour location in the breast are
independent predictors of superior cosmetic result following BCS. Implementation of a prediction model including
both factors, has not been studied in a prospective manner. This study aims to improve cosmetic outcome by
implementation of a prediction model in the treatment decision making for breast cancer patients opting for BCS.

Methods/design: Multicentre, single-blinded, randomized controlled trial comparing standard preoperative work-up
to a preoperative work-up with addition of the prediction model. Tumour volume to breast volume ratio and tumour
location in the breast will be used to predict cosmetic outcome in invasive breast cancer patients opting for BCS. Three
dimensional (3D)-ultrasonography will be used to measure the tumour volume to breast volume ratio needed for the
prediction model. Sample size was estimated based on a 14% improvement in incidence of superior cosmetic result
one year after BCS (71% in the control group versus 85% in the intervention group). Primarily cosmetic outcome will
be evaluated by a 6-member independent panel. Secondary endpoints include; (1) patient reported outcome
measured by BREAST-Q, EORTC-QLQ-C30/BR23 and EQ-5D-5 L (2) cosmetic outcome as assessed through the BCCT.
core software, (3) radiation-induced reaction (4) surgical treatment performed, (5) pathological result and (6) cost-
effectiveness. Follow-up data will be collected for 3 years after surgery or finishing radiotherapy.

Discussion: This randomized controlled trial examines the value of a preoperative prediction model for the
treatment-decision making. It aims for a superior cosmetic result in breast cancer patients opting for BCS.
We expect improvement of patients’ quality of life and psychosocial functioning in a cost-effective way.

Trial registration: Prospectively registered, February 17th 2015, at ‘Nederlands Trialregister - NTR4997'.
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Background

For early stage breast cancer patients the goal of therapy
is to ensure both local control and breast preservation
with an optimal cosmetic outcome. The current stand-
ard of care is breast-conserving surgery (BCS) followed
by adjuvant whole breast irradiation [1-3]. Large rando-
mised clinical trials in the 80’s have shown that this treat-
ment is equivalent, in terms of overall and breast-cancer
specific survival, to a mastectomy [4]. The frequency of
BCS performed is estimated at an annual rate of 60% in
the Netherlands [5]. Oncoplastic surgery, an operation
performed jointly by a plastic surgeon and a breast-cancer
surgeon specialist, is currently more frequently performed
with the goal of obtaining the best cosmetic outcome
possible. At time of diagnosis, however, the treatment de-
cision whether to perform a mastectomy (with or without
a breast reconstruction) or BCS is often subjective.
Unfavourable cosmetic outcome following BCS is signifi-
cantly associated with decreased quality of life and psy-
chosocial functioning [6, 7]. Poor cosmetic outcome
following BCS is reported in up to 30% of breast cancer
patients [8—11]. Pre-operative knowledge of the expected
cosmetic outcome would thus be a welcome treatment
decision aid.

As previously studied by our group, independent fac-
tors for the prediction of cosmetic outcome in BCS are
tumour location and tumour volume to breast volume
ratio. This volume ratio was obtained through 3-D visu-
alisation of breast MRI images (10). Based on these fac-
tors a prediction model is made predicting the expected
cosmetic outcome for BCS. The prediction model could
aid in the treatment decision by differentiation of pa-
tients with an expected favourable cosmetic outcome
and thereby improve cosmetic outcome and patients’
quality of life.

Within this randomised trial participant will undergo an
additional 3-D ultrasonography of the affected breast.
Ultrasonography has a broad clinical applicability in breast
cancer patients and is not dependent on the use of ionizing
radiation. Measurements, obtained by the Automated
Breast Volume Scanner (ABVS) and 3-D ultrasonography
(3-D US) have previously been compared to MRI and histo-
pathological tumour size with good agreement [12, 13]. An
additional validation compared volume measurements of
the3-D US to those measured by histopathological and 3-D
MRI Both breast and tumour volume showed high agree-
ment (unpublished data).

This study aims to improve cosmetic outcome follow-
ing BCS by using a preoperative prediction model based
on 3-D ultrasonography.

Objective
The objective of this randomized controlled trial is to com-
pare cosmetic outcome following a standard preoperative
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work-up by that of the preoperative prediction model. The
hypothesis is that the addition of the preoperative predic-
tion model aids in the treatment-decision making and
therefore improves cosmetic outcome and quality of life in
patients opting for BCS.

Methods/design

Trial design

This single-blinded, multicentre, randomised controlled
trial targets women with the diagnosis of primary breast
cancer. Patients will randomly be assigned (1:1) to either
the intervention or control group after written informed
consent is given. The study is in compliance with the
Helsinki declaration. Ethical approval has been granted
by the Institutional Review Board of the Erasmus
University Medical Centre, Rotterdam, the Netherlands
(reference-number: MEC-2013-360). This trial is regis-
tered before the start of the inclusion on February 17th,
2015 (NTR 4997). Figure 1 present a flow-diagram of
the trial design.

Participants

Women with pathologically confirmed primary invasive
breast cancer (cT'1-3) that are eligible and opt for BCS
will be included. Additional inclusion and exclusion cri-
teria are presented in Table 1.

Interventions

Volumetric measurements

All patients will receive an additional ultrasound
performed by the Automated Breast Volume Scanner
(ABVS— ACUSON S2000™ ABVS, Siemens Medical
Solutions, Inc.,, Mountain View, CA) available at the
department of Radiology, Erasmus MC Cancer Institute
[14]. A standardized scanning technique is used where 3
or 5 scans are performed (i.e. anterior-posterior, lateral
and medial view or anterior-posterior, upper lateral-,
lower lateral-, upper medial- and lower medial-
quadrant). Data from the ABVS is visualised by the V-
scope’ software (department of Bioinformatics, Erasmus
MC) through an interactive 3-D image on the desktop
system. Volume measurements are performed using a
tracking system and a wireless joystick [15].

Prediction model

The tumour to breast volume ratio and the location of
the tumour in the breast are used in the prediction
model to calculate the chance of superior cosmesis in
case of BCS. If the probability exceeds the predefined
threshold primary BCS is advised. If the probability is
below the predefined threshold an alternative treatment
will be advised (i.e. oncoplastic BCS, mastectomy with
or without a breast reconstruction or neo-adjuvant
chemotherapy). The threshold is defined by modelling
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Flow chart TURACOS trial
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Fig. 1 Flow chart TURACOS trial

the differences in quality of life utilities between the dif-
ferent surgical strategies and the associated cosmetic
results.

Pre-operative work-up
For all randomized patients the following characteristics
will be collected (if applicable): age, body mass index

(BMI), comorbidity, previous operations, smoking status,
hormonal status, tumour morphology, TNM stadium,
post-operative  complications, radiotherapy details,
chemotherapy details and hormonal therapy details.
Preoperatively all patients will be asked to complete
three questionnaires. This includes the ‘Breast Q — pre-
operative modules’ [16], the ‘European Organisation of
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Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Female Recurrent breast cancer ipsilateral

Aged >18 years Previous radiation therapy

ipsilateral breast
Primary breast cancer

Pathologically proven breast
cancer TI-lll

Eligible for breast conserving
surgery (BCS)

research and Treatment of Cancer quality of life ques-
tionnaire (EORTC-QLQ-C30 version 3 and EORTC-
QLQ-B23 version 1) and ‘Euro-QoL 5D-5 L question-
naire’ (EQ-5D-5 L-version 2). All patients will preopera-
tively be discussed in multidisciplinary consultation. For
the intervention group, the optimal treatment based on
the results of the prediction model will be taken into
consideration. All patients will be blinded for the result
of the prediction model. Preoperative photographs will
be taken by a professional medical photographer. These
photographs include the 1) face-view position with the
arms down, 2) face-view with arms in the side and 3)
lateral view (90°) off the affected breast. The face view
photographs will cover the area of chin to the umbilicus
protecting the subject’s privacy and anonymity.

Follow-up

Three questionnaires will be obtained at all follow-up
visits (i.e. ‘BREAST-Q postoperative modules, the
EORTC-QLQ-C30/B23 and the EQ-5D-5 L. Follow-up
visits will be scheduled at 3 months (T1), 1 year (T2),
and 3 year (T3) postoperatively. Photographs will be
obtained both 1 and 3 year following BCS.

Page 4 of 7

Outcomes
The outcome measures are summarized in Table 2.

Primary outcome

The cosmetic outcome evaluation will be performed by
a 6-member, independent panel using the photographs.
Each panel consist of 1) a plastic surgeon/breast cancer
surgeon, 2) a general practitioner, a medical doctor, 3) a
radiation oncologist, 4) a layperson and 5) a breast can-
cer survivor. Cosmetic outcome will be evaluated using
a previously reported in-house developed questionnaire
containing 11 aggregating previous recommendations
[17] (see Additional file 1 A ‘Erasmus MC panels’ ques-
tionnaire’). Answers are scored on a four point Harvard
cosmetic scale: 0 = ‘excellent, 1 = ‘good, 2 = ‘moderate,
and 3 = ‘bad’ [18].

Secondary outcome(s).

1) Patient reported outcome is measured by
the ‘BREAST-Q;‘EORTC-QLQ-C30/BR23’ and
‘EQ-5D-5 L questionnaires (T0-3).

2) Cosmetic outcome assessed by the ‘BCCT.core

software’ - INESC Porto Breast Research group
[19] based on medical photographs (T0-2-3).

3) Radiation reaction scored by the ‘Radiation Therapy
Oncology  Group/European  Organization for
Research and Treatment of Cancer’ — ‘RTOG/
EORTC’ (T2-3) [20].

4) Surgeries performed (T3).

5) Pathological results (T3).

6) Cost-effectiveness; direct costs will include the pre-
operative care together with the costs for (surgical)
treatment. Indirect costs will generally include
adjuvant operation(s) if applicable and costs of out-
patient clinic visits or hospitalisation (T4).

Table 2 Assessments and used instruments with timeframe indication

Qutcome(s) Instrument(s) TO T T2 T3
Primary endpoint
Cosmetic result Evaluation clinical photos by panel - ‘Erasmus MC panels’ questionnaire’ X X X
Secondary outcome
Cosmetic result/satisfaction with Breast Q - preoperative module X
breast assessed by patient
Breast Q - postoperative module X X X
Patients’ Quality of life EORTC QLQ-C30/B23 questionnaire X X X X
EQ-5D-5 L questionnaire X X X X
Cosmetic result BCCT.core BCCT.core software (INESC Porto Breast Research Group) X X X
Radiation-induced reaction RTOG/EORTC X X
Surgical strategy performed Performed surgery/surgeries X
Pathological result Data of pathology reports X
Cost-effectiveness Quiality-Adjusted Life Year (QALY) for direct and indirect costs X

TO = first visit outpatient clinic, T1 = 3 months postoperative, T2 = 1 year postoperative, T3 = 3 years postoperative
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Data collection and statistical analysis

Primary study parameter

Cosmetic outcome is calculated by obtaining the mean
score for all panel members. The score per panel mem-
ber is based on the mean score off the 11 scored items
combined. Subsequently, the mean panel evaluation will
be dichotomized by defining a mean of <1.5 as superior
and a mean of >1.5 as inferior. The primary outcome is
the incidence of a superior cosmetic outcome in both
arms. Difference will be evaluated by using the Chi-square
analysis (if normally distributed) or the non-parametric
Kruskal-Weallis test (if not normally distributed).

Secondary study parameters

Cosmetic result assessed by the patient (BREAST-Q),
cosmetic evaluation through BCCT.core and radiation-
induced reaction (RTOG/EORTC) will be analysed by
comparing the intervention and control group. For
normally distributed categorical data, the Chi-Square
test will be used and the Kruskal Wallis test if not nor-
mally distributed. Continues variables as the Q-score will
be analysed making use of the Student T-test if normally
distributed or Mann-Whitney U test if not normally dis-
tributed. Pathological result will be analysed by compar-
ing the percentages of incomplete tumour excisions and
mean lumpectomy specimen size between the two study
arms. The secondary study parameters will be analysed
based on the intention-to-treat principle (i.e. including
the patients treated with mastectomy). Surgical strategies
performed will be analysed by comparing the percentages
of the different types of surgery performed by using a Chi-
square analysis if normally distributed or Kruskal-Wallis
test if not normally distributed. Patients’ quality of life,
conducted through the EORTC questionnaire/Euro-QoL
and BREAST-Q questionnaires will be presented in a
quantitative manner. Cost-effectiveness will be calculated
by Markov modelling using ‘Quality-Adjusted Life Years’
(QALY’).

Sample size

In our previously performed retrospective study the inci-
dence of a superior cosmetic result, without interven-
tion, was 71%. An improvement of superior cosmetic
outcome to 85% was considered clinically relevant.
Expected clinical relevant difference is a 14% improve-
ment in the incidence of a superior cosmetic result as
evaluated by an independent panel. The sample size
calculation is based on comparing two proportions in in-
dependent groups by the Chi-Square test. With 80%
power and 5% significance level we need a study popula-
tion of 240 patients (120 in each arm). There is a possi-
bility that even after randomization the patient can still
undergo mastectomy instead of BCS. We expect this for
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less than 25% patients in each arm, therefore we aim to
include 300 patients in total (150 in each arm).

Discussion

The literature provides limited predictive factors for an
expected favourable cosmetic outcome in breast cancer
patients opting for BCS. To objectively device a tailor-
made treatment plan this study makes use of a prediction
model [10]. This study aims to provide level 1B evidence
for the use of a preoperative prediction model for clinical
decision making to improve cosmetic results in patients
opting for BCS.

Following the inclusion of the first 30 patients (10%)
the patients’ experiences tell us that the study is well
accepted and appreciated. It is however of great import-
ance that the study is discussed by the treating surgeon
at the first or second consultation at the outpatient
clinic. By the start of inclusion up to 40% of the
approached patients declined participation. This was
mainly based on too much burdening in the preoperative
phase and an inadequate introduction of the study. If
the treating surgeon introduces the study and explains
the importance of the study in the preoperative phase
the acceptance for participation is higher. With the
allocation of multiple including centre’s in the region of
Rotterdam the inclusion rate has adequately improved
with an ongoing high acceptance of participating patients.

Preoperative assessment of patients’ quality of life and
satisfaction with their breast is currently lacking in the
literature available. Only few trials have combined post-
operative cosmetic outcome measurements by panel or
software with patient reported outcome measures
(PROMs) [21-23]. Especially an evaluation of cosmetic
outcome through time following breast surgery is scarce
[21]. By preoperatively collecting aesthetics and PROMs
a reliable understanding of the relationship between
cosmetic results and self-image or quality of life is
gained. Comparing overall health-related quality of life
(EORTC-QLQ-C30/B23 and EQ-5D-5 L) and treatment-
or surgery specific outcomes (BREAST-Q) gives a better
understanding between overall and disease-specific
quality of life [16, 24, 25]. With this knowledge, future
treatment decision making and cosmetic outcome evalu-
ation can possibly be based on PROMs. To adequately
study cosmetic outcome and their relationship to
PROMs, standardized, reproducible and easily available
tools are needed [18, 26]. Comparing two different panel
evaluations within 68 patients following BCS our group
found almost perfect inter- and intra-observer agree-
ment. Interclass correlation coefficient showed R = 0.93,
R = 0.9 respectively for the inter- and intra-observer
agreement [unpublished data]. When comparing trials
differences in panel evaluations found are based on
panel size and the use of layperson versus experts
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[23, 27, 28]. Moreover multiple and unstandardized
questionnaires are used to obtain cosmetic outcome;
making a comparison between different trials difficult.
Based on previous recommendations of Cardoso et al.
our current study uses a questionnaire concerning the
different aspect of cosmetic outcome when evaluating
the breast by panel members [17]. The BCCT.core
software is known to evaluate asymmetry, skin colour
difference(s) and scar features based on the situation
of two identical breasts [29-31]. In line with previous
literature our group found a moderate agreement
(unpublished data) between panel and BCCT core
evaluation [22, 23]. An independent 6-member panel
will therefore assess cosmetic outcome as our primary
outcome. In summary this study aims to improve
cosmetic outcome and quality of life through the
implementation of a preoperative prediction model
for breast cancer patients opting for BCS.

Additional file

Additional file 1: Scoring list cosmetic outcome (panel evaluation).
(JPEG 218 kb)

Abbreviations

3-D: Three-dimensional; ABVS: Automated Breast Volume Scanner; BCS: Breast
Conserving Surgery; BCCT.core: Breast Cancer Conservative Treatment.
cosmetic result; BRA: Breast Retraction Assessment; DSMB: Data Safety
Monitoring Board; EORTC-QLQ: European Organisation of Research and
Treatment of Cancer quality of life questionnaire; EQ-5D-5 L: Euro-QolL-5D-

5 L; QALY’s: Quality-Adjusted Life Years; RTOG/EORTC: Radiation Therapy
Oncology Group/European Organization for Research and Treatment of
Cancer; US: Ultrasonography

Acknowledgements
The authors would like to thank the INESC Porto Breast Research Group for
the use of the BCCT.core software.

Funding

The study is partly externally funded through a major funding body by a
non-profit foundation; ‘Stichting Theia, Zilveren Kruis Achmea’ (award
number 2013204). The foundation has enabled the start and continuation of
the study upon the second year of the inclusion. The foundation has no role
in the data collection, data analysis, data interpretation or the writing of the
manuscript. The foundation ‘Coolsingel’ has enabled the availability of the
Automated Breast Volume Scanner used in the current trial to obtain an
additional breast ultrasonography. The ‘Coolsingel” has no role in the study
design, data collection, data analysis, data interpretation or the writing of the
manuscript.

Availability of data and materials

The datasets generated during the current study are not publicly available
due to privacy regulations but are (partly) available from the corresponding
author on reasonable request. During the study patient data will be stored in
a Case Report Form (CRF)/repository — ‘Open Clinica’, available for the
principal investigator and executing researchers.
https://oc1.erasmusmc.nl/Dijkzigt/pages/login/login%20jsessionid%20=%20
A3E27B7DD21583A6F6C25A8FBOD281B1.

Authors’ contributions

ML, EV, LK and WvL contributed both to the conception and design of the
study. ML and EV both contributed substantially to drafting the current study
protocol. The manuscript was critically revised for important intellectual
content by: MH, JP, EC, CdM, CvD, JD, WV, CC, CV, WvL and LK. All authors

Page 6 of 7

have given their final approval of the current manuscript version and have
agreed to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate

The study is in compliance with the Helsinki declaration. Ethical approval has
been granted by the Institutional Review Board of the Erasmus University
Medical Centre, Rotterdam, the Netherlands (reference-number: MEC-2013-
360). This trial is registered before the start of the inclusion on February 17th,
2015 (NTR 4997). Upon inclusion, prior to randomisation, a written informed
consent is obtained from all participants.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Oncological Surgery, Erasmus MC Cancer Institute, DHA-102,
PO Box 5201, 3008 AE Rotterdam, The Netherlands. 2Departmem of
Bioinformatics, Erasmus MC, Rotterdam, the Netherlands. *Department of
Epidemiology and Department of Radiology, Erasmus MC, Rotterdam, the
Netherlands. “Center for Health Decision Science, Harvard TH. Chan School
of Public Health, Boston, MA, USA. 5Departmem of Radiotherapy, Erasmus
MC, Rotterdam, the Netherlands. °Department of plastic and reconstructive
surgery, Erasmus MC, Rotterdam, the Netherlands. 7Departmem of Radiology,
Erasmus MC, Rotterdam, the Netherlands. ®Department of pathology,
Erasmus MC, Rotterdam, the Netherlands. °Department of surgery,
Havenziekenhuis, Rotterdam, the Netherlands. '°Department of surgery,
Franciscus Gasthuis, Rotterdam, the Netherlands. HDepartment of surgery,
Maasstad ziekenhuis, Rotterdam, the Netherlands.

Received: 3 December 2016 Accepted: 12 April 2017
Published online: 17 May 2017

References

1. Early Breast Cancer Trialists' Collaborative G, Darby S, McGale P, Correa C,
Taylor C, Arriagada R, et al. Effect of radiotherapy after breast-conserving
surgery on 10-year recurrence and 15-year breast cancer death: meta-
analysis of individual patient data for 10,801 women in 17 randomised trials.
Lancet. 2011;378(9804):1707-16.

2. Bartelink H, Horiot JC, Poortmans PM, Struikmans H, Van den Bogaert W,
Fourquet A, et al. Impact of a higher radiation dose on local control and
survival in breast-conserving therapy of early breast cancer: 10-year results
of the randomized boost versus no boost EORTC 22881-10882 trial. J Clin
Oncol. 2007;25(22):3259-65.

3. Whelan TJ, Pignol JP, Levine MN, Julian JA, MacKenzie R, Parpia S, et al.
Long-term results of hypofractionated radiation therapy for breast cancer.
N Engl J Med. 2010;362(6):513-20.

4. Fisher B, Anderson S, Bryant J. Twenty-year follow-up of a randomized trial
comparing total mastectomy, lumpectomy, and lumpectomy plus
irradiation for the treatment of invasive breast cancer. N Engl J Med. 2002;

5. NABON breast cancer audit (NBCA) poDlfcaD. Jaarrapportage 2013. https//
www.dica.nl/jaarrapportage-2013/#dica_rapportages_nbca. Last accessed
September 1° 2016.

6. Waljee JF, Hu ES, Ubel PA, Smith DM, Newman LA, Alderman AK. Effect of
esthetic outcome after breast-conserving surgery on psychosocial
functioning and quality of life. J Clin Oncol Off J Am Soc Clin Oncol.
2008;26(20):3331-7.

7. Hau E, Browne L, Capp A, Delaney GP, Fox C, Kearsley JH, et al. The impact
of breast cosmetic and functional outcomes on quality of life: long-term
results from the St. George and Wollongong randomized breast boost trial.
Breast Cancer Res Treat. 2013;139(1):115-23.


dx.doi.org/10.1186/s12885-017-3280-y
https://oc1.erasmusmc.nl/Dijkzigt/pages/login/login%20jsessionid%20=%20A3E27B7DD21583A6F6C25A8FB9D281B1.
https://oc1.erasmusmc.nl/Dijkzigt/pages/login/login%20jsessionid%20=%20A3E27B7DD21583A6F6C25A8FB9D281B1.
https://www.dica.nl/jaarrapportage-2013/#dica_rapportages_nbca
https://www.dica.nl/jaarrapportage-2013/#dica_rapportages_nbca

Lagendijk et al. BMC Cancer (2017) 17:336

20.

21.

22.

23.

24.

25.

26.

27.

Aaronson N, Bartelink H, Vandongen JA, Vandam F. Evaluation of breast
conserving therapy: clinical, methodological and psychosocial perspectives.
Eur J Surg Oncol. 1988;14(2):133-40.

Haloua MH, Krekel NM, Winters HA, Rietveld DH, Meijer S, Bloemers FW, et
al. A systematic review of oncoplastic breast-conserving surgery: current
weaknesses and future prospects. Ann Surg. 2013;257(4):609-20.

Vos EL, Koning AHJ, Obdeijn I-M, van Verschuer VMT, Verhoef C, van der
Spek PJ, et al. Preoperative prediction of cosmetic results in breast
conserving surgery. J Surg Oncol. 2014:n/a-n/a.

Wang HT, Barone CM, Steigelman MB, Kahlenberg M, Rousseau D, Berger J,
et al. Aesthetic outcomes in breast conservation therapy. Aesthet Surg J.
2008;28(2):165-70.

Lin X, Wang J, Han F, Fu J, Li A. Analysis of eighty-one cases with breast
lesions using automated breast volume scanner and comparison with
handheld ultrasound. Eur J Radiol. 2012,81(5):873-8.

Clauser P, Como G, Girometti R, Zuiani C, Londero V, Bazzocchi M.
Comparison between different imaging techniques in the evaluation of
malignant breast lesions: can 3D ultrasound be useful? La radiologia
medica. 2013;119(4):240-8.

Wojcinski S, Farrokh A, Hille U, Wiskirchen J, Gyapong S, Soliman AA, et al.
The automated breast volume scanner (ABVS): initial experiences in lesion
detection compared with conventional handheld B-mode ultrasound: a
pilot study of 50 cases. Int J Womens Health. 2011,3:337-46.

Baken L, van Gruting IMA, Steegers EAP, van der Spek PJ, Exalto N, Koning
AHJ. Design and validation of a 3D virtual reality desktop system for
sonographic length and volume measurements in early pregnancy
evaluation. J Clin Ultrasound. 2015;43(3):164-70.

Pusic AL, Klassen AF, Scott AM, Klok JA, Cordeiro PG, Cano SJ. Development
of a new patient-reported outcome measure for breast surgery: the
BREAST-Q. Plast Reconstr Surg. 2009;124(2):345-53.

Cardoso MJ, Cardoso JS, Vrieling C, Macmillan D, Rainsbury D, Heil J, et al.
Recommendations for the aesthetic evaluation of breast cancer
conservative treatment. Breast Cancer Res Treat. 2012;135(3):629-37.

Harris JR, Levene MB, Svensson G, Hellman S. Analysis of cosmetic results
following primary radiation therapy for stages | and Il carcinoma of the
breast. Int J Radiat Oncol Biol Phys. 1979,5(2):257-61.

Cardoso JS, Cardoso MJ. Towards an intelligent medical system for the
aesthetic evaluation of breast cancer conservative treatment. Artif Intell
Med. 2007;

Cox JD, Stetz J, Pajak TF. Toxicity criteria of the Radiation Therapy Oncology
Group (RTOG) and the European organization for research and treatment of
cancer (EORTC). International Journal of Radiation
Oncology*Biology*Physics. 1995;31(5):1341-6.

Peterson D, Truong PT, Parpia S, Olivotto IA, Berrang T, Kim DH, et al.
Predictors of adverse cosmetic outcome in the RAPID trial: an exploratory
analysis. Int J Radiat Oncol Biol Phys. 2015;91(5):968-76.

Kim MK, Kim T, Moon HG, Kim K, Kim J. Effect of cosmetic outcome on
quality of life after breast cancer surgery. Eur J Surg Oncol: Jin US; 2014.
Haloua MH, Krekel, NM, Jacobs GJ, Zonderhuis, B, Bouman, MB, Buncamper,
ME, Niessen, FB, Winters, HA, Terwee, C, Meijer, S, van den Tol, MP. Cosmetic
Outcome Assessment following Breast-Conserving Therapy: A comparison
between BCCT.core Software and Panel Evaluation. Int J Breast Cancer.
2014.

Aaronson NK, Ahmedgzai S, Bregman B, Bullinger M, Cull A, Duez NJ, et al.
The European Organization for Research and Treatment of cancer QLQ-C30:
a quality-of-life instrument for use in international clinical trials in oncology.
Journal of the National Cancer Institue. 1993;

McLachlan SA, Devins GM, Goodwin PJ. Validation of the European
Organization for Research and Treatment of cancer quality of life
questionnaire (QLQ-C30) as a measure of psychosocial function in breast
cancer patients. Eur J Cancer. 1998;

Vrieling C, Collette L, Fourquet A, Hoogenraad WJ, Horiot JH, Jager JJ, et al.
The influence of patient, tumor and treatment factors on the cosmetic
results after breast-conserving therapy in the EORTC 'boost vs. no boost'
trial. EORTC radiotherapy and breast cancer cooperative groups.
Radiotherapy and oncology: journal of the European Society for Therapeutic
Radiology and Oncology. 2000;55(3):219-32.

Cardoso MJ, Santos AC, Cardoso J, Barros H, De Oliveira MC. Choosing
observers for evaluation of aesthetic results in breast cancer conservative
treatment. Int J Radiat Oncol Biol Phys. 2005;61(3):879-81.

28.

29.

30.

Page 7 of 7

Fortin AJ, Cheang M, Latosinsky S. Cosmetic outcomes following breast
conservation therapy: in search of a reliable scale. Breast Cancer Res Treat. 2006;
100 (1):65 -70. Fortin AJ, Cheang M, Latosinsky S. Cosmetic outcomes following
breast conservation therapy: in search of a reliable scale. Breast Cancer Res Treat
2006;100(1):65-70.

Cardoso JS, Cardoso MJ. Towards an intelligent medical system for the
aesthetic evaluation of breast cancer conservative treatment. Artif Intell
Med. 2007;40(2):115-26.

Cardoso MJ, Cardoso J, Amaral N, Azevedo I. Turning subjective into
objective: The BCCT. core software for evaluation of cosmetic results in
breast cancer conservative treatment. The Breast. 2007.

Cardoso MJ, Cardoso JS, Wild T, Krois W, Fitzal F. Comparing two objective
methods for the aesthetic evaluation of breast cancer conservative
treatment. Breast Cancer Res Treat. 2008;116(1):149-52.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit ( BiolMed Central




	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Objective

	Methods/design
	Trial design
	Participants
	Interventions
	Volumetric measurements
	Prediction model
	Pre-operative work-up
	Follow-up

	Outcomes
	Primary outcome

	Data collection and statistical analysis
	Primary study parameter
	Secondary study parameters

	Sample size

	Discussion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

