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ABSTRACT
Purpose/Objectives: To develop a normal tissue complication probability (NTCP) model for late
unfavourable aesthetic outcome (AO) after breast-conserving therapy.
Material and Methods: The BCCT.core software evaluated the AO using standardized photographs of
patients treated between 2009 and 2014. Dose maps in 2Gy equivalents were calculated assuming
a/b¼ 3.6Gy. Uni- and multivariable logistic regression analysis was performed to study the predictive
value of clinicopathological and dosimetric variables for unfavourable AO. The Lyman Kutcher Burman
(LKB) model was fit to the data with dose modifying factors (dmf). Model performance was assessed
with the area under the curve (AUC) of the receiver operating characteristic curve and boot-
strap sampling.
Results: Forty-four of the 121 analysed patients (36%) developed unfavourable AO. In the optimal mul-
tivariable logistic regression model, a larger breast volume receiving�55Gy (V55), a seroma and an
axillary lymph node dissection (ALND) were independently associated with an unfavourable AO,
AUC¼ 0.75 (95%CI 0.64;0.85). Beta-estimates were �2.68 for b0, 0.057 for V55, 1.55 for seroma and
1.20 for ALND. The optimal LKB model parameters were EUD3.6(50)¼ 63.3Gy, n¼ 1.00, m¼ 0.23,
dmf(seroma)¼ 0.83 and dmf(ALND)¼ 0.84, AUC¼ 0.74 (95%CI 0.61;0.83).
Conclusions: An NTCP model for late unfavourable AO after breast-conserving therapy was developed
including seroma, axillary lymphadenectomy and V55.
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Introduction

Breast cancer is the most common cancer in women and
breast-conserving therapy (BCT), i.e., breast-conserving sur-
gery followed by radiotherapy (RT), is the standard thera-
peutic option [1–3]. By adding RT more than 75 percent of
the early stage breast cancer patients survive long term, mak-
ing treatment-induced side-effects important outcome meas-
ures [4]. Over the last two decades, reducing incidental
irradiation on heart and lung tissue was the main research
focus since a significant excess of non-breast-cancer mortality
has been shown (rate ratio 1.30 for cardiac death and 2.10
for secondary lung cancer after more than ten years) [5].
Currently, aesthetic outcome (AO) is becoming increasingly
important because it influences the quality of life and psy-
chosocial recovery after breast cancer treatment [6].

Whilst mortality rates can be measured objectively, several
subjective and objective measurements were utilized for AO,
often examining different sub-outcomes such as fibrosis, tele-
angiectasia or oedema. In 2012, recommendations for the
evaluation of AO were established, and the BCCT.core soft-
ware was suggested as standard to objectively measure AO
[7]. The software scores AO using standardized photographs

resulting in an ‘excellent’, ‘good’, ‘fair’ or ‘poor’ outcome as
introduced by Harris et al. [8,9]. It was shown that there was
no measurable change in late AO measured by BCCT.core
between two and six years after surgery [10]. Furthermore,
Hennigs et al. have defined clinicopathological predictors for
an unfavourable (‘fair’ or ‘poor’) AO: axillary lymphadenec-
tomy, a tumour in the 12 o’clock position, a tumour with
minimal (y)pT2 stage and a surgical specimen weight more
than 75 grams [10]. To the best of our knowledge, however,
the dose-volume effect of breast RT on AO measured by
BCCT.core has not yet been studied. Ultimately, by taking
clinicopathological and dose-volume metrics into account in
a prediction model, the dose distribution of individual treat-
ment plans could be optimized and patients could be
informed on the risk of late unfavourable AO.

The purpose of the present study was to develop a pre-
diction model for late unfavourable AO after BCT. We have
fitted two normal tissue complication probability (NTCP)
models. Firstly, we aimed to investigate which clinicopatho-
logical factors and dose-volume metrics were associated with
an unfavourable AO and to develop a multivariable logistic
regression model. Secondly, we wanted to estimate the
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parameters for a Lyman Kutcher Burman (LKB) model in
which the dose-volume histogram (DVH) is reduced to a sin-
gle parameter: the equivalent uniform dose (EUD).

Material and methods

The TRIPOD (Transparant Reporting of a multivariable predic-
tion model for Individual Prognosis Or Diagnosis) recommen-
dations for a type 1B study were followed [11]. The study
was approved by the Clinical Trial Centre and the Ethical
Committee of our institution.

Patient cohort

The population of this study consisted of patients treated
with BCT between December 2009 and July 2014, who con-
sulted the multidisciplinary breast cancer group at the
University Hospitals Leuven, Belgium between 1 December
2015 and 31 October 2016. Patients were invited to partici-
pate during their prescheduled follow-up appointment;
which is, according to the recurrence risk and time since
diagnosis four- or six-monthly to yearly. Informed consent
was obtained. All RT treatments had to be conducted at the
University Hospitals Leuven between two and six years ago.

BCT included whole-breast irradiation followed by a boost
to the tumour bed. Prescription doses to the whole breast
varied between 42.56Gy in 16 fractions and 50Gy in 25 frac-
tions, and calculation models used were pencil beam and
AAA from Eclipse (Varian Medical Systems, Palo Alto, CA). For
the selection of the boost technique, an in-house developed
flowchart based on the depth of the tumour bed was used.
For a clinical target volume lying more than 28mm beneath
the epidermis, an interstitial or photon boost was chosen
over an electron boost because of skin doses [12]. Boost
doses to the tumour bed varied between 12.5 Gy in 5 frac-
tions and 20Gy in 10 fractions with external beam radiation
therapy and between 8.5 Gy and 10Gy with high dose rate
brachytherapy. Treatment regimens were discussed at the
multidisciplinary tumour board. Hormonal therapy included
tamoxifen and aromatase-inhibitors and chemotherapy
involved 5 fluorouracil, epirubicin, cyclophosphamide, metho-
trexate, and taxanes.

Toxicity analysis

An anterior view picture of the patient was taken with the
patient’s hands on the hips. The BCCT.core software was
used to evaluate the AO. Based on the semi-automatic local-
ization of fiducial points, the software firstly measures asym-
metry, skin colour changes and surgical scar appearance.
Secondly, the set of measures is automatically converted into
an overall objective AO: excellent, good, fair, or poor. AO was
dichotomized in excellent/good (‘favourable’) versus fair/poor
(‘unfavourable’).

Data management

Clinicopathological variables known to be associated with AO
were collected [10,13–16]. Dose-volume metrics for the breast
were assessed from the individual patient RT plans. The
breast volume was delineated according to the guidelines
from the EORTC, but included the 5mm of breast skin [17].
Summed dose maps in 2 Gy equivalents (EQD2) were calcu-
lated assuming a/b¼ 3.6 Gy [18]. In case of a brachytherapy
boost, a Deformable Image Registration mapped the brachy-
therapy CT to the external beam planning CT in MIM 6.1.7
(MIM software, Cleveland, OH) using a free-form intensity-
based registration algorithm. After a warping of the brachy-
therapy dose map, a dose summation was performed. For
the logistic regression analysis, the considered dose-volume
metrics included the relative volumes of the breast receiving
5Gy (V5) to 75Gy (V75) in steps of 5Gy and the mean breast
dose. For the LKB model, the EUD was calculated from the
corresponding DVH [19]. In the LKB model, 3 parameters
need to be estimated to fit the sigmoidal curve of normal tis-
sue toxicity: EUD50, m and n. EUD50 is the homogeneous
dose at which 50% of the patients experience an unfavour-
able AO and determines the position of the curve along the
dose-axis. M determines the steepness of the dose response
curve. The third parameter, n, describes the magnitude of
the volume-effect which is the modification of normal
tissue tolerance with a change in irradiated volume [20].
Dose modifying factors (dmf) can be added to take other
parameters into account. Multiplying the baseline D50 with
the concrete dmf then results in the D50 for that specific
parameter [21].

Statistical analysis

Summary statistics were presented as means and range/
medians and interquartile range for continuous variables and
as frequencies and percentages for categorical variables.
Firstly, univariable logistic regression analysis was performed
to study the predictive value of clinicopathological factors
and dose-volume metrics for an unfavourable AO. Results
were reported as odds ratios (OR) with 95% confidence inter-
vals (CI). All patient data were used for the clinicopathologi-
cal factors. Patients in whom no dosimetrical data were
available were excluded for the dose-volume metric analysis.
A multivariable forward stepwise model was built with cova-
riate inclusion at p value< .05 and removal at p value � .05.
All tests were two-sided, a 5% significance level was assumed
for all tests. In individual cases, the probability of unfavour-
able AO can be calculated using the following formula:
NTCP¼ 1/(1þ e�t), where t¼ b0þ b1x1þ b2 x2þ b3x3þ …
Secondly, we estimated the parameters of the LKB model
[22,23]. The maximum likelihood procedure was used to fit
the LKB model to the data, and the likelihood ratio test to
identify significant differences between nested models. The
discriminating ability of the model was described by the area
under the curve (AUC) of the receiver operating characteristic
curve [24]. The reported models were optimized on the com-
plete dataset. A 95% CI of AUC was calculated for the models
using 10,000 bootstrap replications. Calibration was evaluated
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using a Hosmer–Lemeshow test for the multivariable logistic
regression model, and a comparison with the LKB model was
done with the loglikelihood [25].

For uni- and multivariable logistic regression, Statistica
version 13 (Dell Inc, Tulsa, OK, USA) and SAS software (ver-
sion 9.4 of the SAS System for Windows) were used. NTCP
model fits were performed in Matlab (The Mathworks Inc.,
Natick, MA, USA).

Results

One-hundred twenty-one patients were included in the
study. No patient refused inclusion. Median follow-up was
3.42 years. Forty-four patients (36%) developed unfavourable
AO. Patient, tumour and treatment characteristics are avail-
able in Table 1. The median age was 60 years old and 29
patients (24%) underwent an ALND. A seroma was present at
the simulation CT in 27 patients (22%). In total, 62 patients
received a brachytherapeutic boost and 59 received an exter-
nal beam RT boost. Primary breast-conserving surgery was
performed at the University Hospitals Leuven in all but one
patient. Surgery was conducted by five surgeons from the
same multidisciplinary breast cancer team for 120 patients;
three surgeons operated 111 patients (92%).

Treatment plans and dosimetric data were available for 99
of the 121 patients, 22 brachytherapy plans were missing
due to software problems. Calculation models used were
pencil beam in 5 patients and AAA in 94 patients. 67 patients
out of 99 had favourable AO and 32 unfavourable AO.
Wedges were used in 38 three-dimensional (3D) conformal
treatment plans and field-in-field RT in 61 3D conformal
treatment plans.

Table 2 shows the results of the univariable analyses for
the clinicopathological variables (tested on 121 patients) and
dose-volume metrics (tested on 99 patients). Univariable clini-
copathological and dosimetric factors significantly associated
with an unfavourable AO were the administration of chemo-
therapy (OR 2.64, p .02), ALND versus a sentinel lymph node
procedure (OR 3.17, p .01), a seroma present at simulation CT
(OR 2.80, p .02), a higher body mass index (BMI) (OR 1.09,
p .04), surgical specimen weight (OR 1.02, p .01), mean dose
to the breast (OR 1.18, p .03) and most relative volumes of
breast tissue from V30 to V65. V55 was the most significant
dose-volume metric (OR 1.05, p .01).

The univariable significant clinicopathological variables
and the most significant dose-volume metrics were included
in the multivariable model building: administration of chemo-
therapy, ALND, seroma, BMI, specimen weight and V55.
Improvements in likelihood were achieved by adding seroma
(�62.3 to �58.7, p¼ .008), ALND (�58.7 to �55.6, p¼ .01)
and V55 (�55.6 to �51.8, p¼ .006). In the optimal multivari-
able logistic regression model, a higher V55 (x1), a seroma
(x2) and an ALND (x3) were significantly associated with an
unfavourable AO. Beta-estimates were �2.68 for b0 (95% CI
�3.89;�1.49), 0.057 for b1 (95% CI 0.01;0.10), 1.55 for b2 (95%
CI 0.45;2.66) and 1.20 for b3 (95% CI 0.19;2.22). Figure 1
shows a graphical representation of the model. A patient
treated with ALND and V55 to the breast of 20% for example

has a 42% chance of late unfavourable AO. If V55 is reduced
to 10%, the resulting NTCP is 29%. In case of no seroma or
ALND, implementing a V55 constraint of 8% for breast tissue
in the treatment planning process would result in an NTCP
of 10%. Concerning model performance, AUC was 0.76.
Bootstrap sampling resulted in AUC 0.75 (95% CI 0.64; 0.85).
The loglikelihood was �51.8. The Hosmer–Lemeshow test
was not significant (chi square 2.87, p .94) indicating good
agreement between expected and observed unfavourable
AO rates.

The best fit NTCP parameters were EUD3.6(50)¼ 55.80Gy,
n¼ 1.00 and m¼ 0.18 for the LKB model. Adding seroma or
ALND or both to the LKB model significantly increased the
likelihood (�59.76 to �57.20, �57.19 and �54.33, respect-
ively, p¼ .02 in all three cases). The optimal LKB model thus
included two dmf. Taking into account seroma and ALND,
the LKB model parameters were EUD3.6(50)¼ 63.3 Gy (95% CI
59.2;68.1), n¼ 1.00 (95% CI 0.62;1), m¼ 0.23 (95% CI
0.16;0.37), dmf (seroma)¼ 0.83 (95% CI 0.73;0.95) and dmf
(ALND)¼ 0.84 (95% CI 0.75;0.94). Supplementary Appendix 1
shows a graphical representation of the model. To assess dis-
crimination, an AUC of 0.74 was obtained. Bootstrap sam-
pling resulted in AUC 0.74 (95% CI 0.61; 0.83). The
loglikelihood was �54.3, this is a lower value than in the
multivariable logistic regression model and indicates a better
fit of the multivariable logistic regression model.

Discussion

The purpose of the current study was to develop an NTCP
model for late unfavourable AO after BCT taking into account
clinicopathological and dosimetric variables. We aimed to
develop a clinically useful NTCP model that can be applied
to inform patients and to optimize dose distributions of indi-
vidual patients.

Hennigs et al. have shown there was no measurable
change in AO measured by BCCT.core between two and six
years after surgery [10]. One-hundred twenty-one patients
treated with BCT between two and six years ago were eval-
uated for the present study and forty-four patients (36%)
developed unfavourable AO. Univariable clinicopathological
predictors for an unfavourable AO were the administration of
chemotherapy, ALND, seroma and a higher BMI or surgical
specimen weight. An increasing mean dose to the breast and
most relative volumes of breast tissue from V30 to V65 were
dose-volume metrics associated with unfavourable AO. In
multivariable logistic regression analysis, ALND, seroma and
the relative volume of breast tissue receiving 55Gy (V55)
were withheld.

The different instruments measuring AO or sub-outcomes
such as fibrosis, teleangiectasia or oedema make it difficult
to compare studies. The unfavourable AO rate of 36% is in
line with limited reports available for overall late AO meas-
ured by BCCT.core in literature (31.8% toxicity rate) [10]. Late
AO measured with BCCT.core has been associated with
ALND, a tumour in the 12 o’clock position, a tumour with
minimal (y)pT2 stage and a surgical specimen weight more
than 75 grams [10]. In the present study, ALND and an
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Table 1. Patient, tumour and treatment characteristics.

Study population (n¼ 121) Excellent/Good (n¼ 77) Fair/Poor (n¼ 44)
Characteristic Median IQRa Median IQRa Median IQRa

Age at diagnosis (years) 60.0 52.8; 65.4 60.8 52.9; 66.4 58,6 52.6; 64.1
Characteristic n % n % n %
Breast cup
A 4 3.31 3 3.90 1 2.27
B 27 22.31 21 27.27 6 13.64
C 40 33.06 23 29.87 17 38.64
D 31 26.62 20 25.97 11 25.00
E 15 12.40 7 9.09 8 18.18
F 2 1.65 1 1.30 1 2.27
G 2 1.65 2 2.60 0 0.00

Breast band size (EU)
70 15 12.40 10 12.99 5 11.36
75 26 21.49 19 24.68 7 15.91
80 27 22.31 18 23.38 9 20.45
85 20 16.53 11 14.29 9 20.45
90 14 11.57 9 11.69 5 11.36
95 10 8.26 5 6.49 5 11.36
100 5 4.13 2 2.60 3 6.82
�105 4 3.31 3 3.90 1 2.27

Chemotherapy
No 87 71.90 61 79.22 26 59.09
Yes 34 28.10 16 20.78 18 40.91

Hormonal therapy
No 11 9.09 8 10.39 3 6.82
Yes 110 90.91 69 89.61 41 93.18

Trastuzumab
No 110 90.91 73 94.81 37 84.09
Yes 11 9.09 4 5.19 7 15.91

Boost modality
Brachytherapy 62 51.24 39 50.65 23 52.27
EBRTa 59 48.76 38 49.35 21 47.73

Lymphadenectomy
None 11 9.09 9 11.69 2 4.55
Sentinel 81 66.94 56 72.73 25 56.82
ALNDa 29 23.97 12 15.58 17 38.64

Position of tumor
6 h 9 7.44 5 6.49 4 9.09
12 h 13 10.74 6 7.79 7 15.91
retro-areolar 2 1.65 2 2.60 0 0.00
upper inner 19 15.70 14 18.18 5 11.36
upper outer 46 38.02 32 41.56 14 31.82
lower inner 5 4.13 3 3.90 2 4.55
lower outer 8 6.61 3 3.90 5 11.36
3/9 h inner 5 4.13 3 3.90 2 4.55
3/9 h outer 14 11.57 9 11.69 5 11.36

Pathologic T-stage
is 12 9.92 10 12.99 2 4.55
0 3 2.48 0 0.00 3 6.82
1 70 57.85 49 63.64 21 47.73
2 36 29.75 18 23.38 18 40.91

Re-resection
No 114 94.21 73 94.81 41 93.18
Yes 7 5.79 4 5.19 3 6.82

Seroma
No 94 77.69 65 84.42 29 65.91
Yes 27 22.31 12 15.58 15 34.09

Characteristic Mean Range Mean Range Mean Range
BMI (kg/m2) 26.8 17.7; 41.5 26.2 19.5; 41.5 28 17.7; 38.9
Surgical specimen weight (g) 46.7 5.0; 248.0 39 5.0; 138.0 60.1 10.0; 248.0
Volume breast (cm3) 902.8 210.9; 2125.4 854.3 244.8; 2125.4 987.5 210.9; 1878.9
Dmean breast (Gy EQD2) 51.1 46.1; 64.1 50.6 46.1; 57.5 52.1 46.6; 64.1
V30 EQD2 (%) 96.4 93.4; 99.7 96.1 93.4; 99.7 96.8 93.9; 99.7
V35 EQD2 (%) 93.2 88.9; 98.5 92.9 88.9; 98.0 93.9 89.5; 98.5
V40 EQD2 (%) 89 82.4; 96.0 88.6 82.4: 94.6 89.9 83.5; 96.0
V45 EQD2 (%) 82.3 69.6; 91.8 81.6 69.6; 90.0 83.6 71.4; 91.8
V50 EQD2 (%) 52.1 10.0; 84.9 49.9 10.0; 76.8 56.7 11.1; 84.9
V55 EQD2 (%) 20.4 4.8; 65.4 18 4.8; 50.5 25.2 4.9; 65.4
V60 EQD2 (%) 12.8 2.0; 52.0 10.9 2.0; 37.3 16.6 2.4; 52.0
V65 EQD2 (%) 6.8 0.0; 40.6 5.3 0.0; 19.4 9.9 0.0; 40.6
V70 EQD2 (%) 2.9 0.0; 25.4 2.6 0.0; 15.6 3.6 0.0; 25.4
V75 EQD2 (%) 2 0.0; 19.2 1.9 0.0; 12.7 2 0.0; 19.2
aALND: axillary lymph node dissection; EBRT: external beam radiotherapy; EQD2: equivalent dose in 2 Gy fractions using an alpha/beta of 3.6 Gy [18]; IQR: inter-
quartile range.
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increasing surgical specimen weight were confirmed as sig-
nificant variables. Factors associated with worse AO, regard-
less of the specific (sub)outcome and of the instrument
applied, can be divided into patient, tumour and treatment-
related factors. Age, BMI and breast size are reported as
patient-related factors. The position of the tumour and the
tumour stage are described as tumour-related factors.
Concerning treatment-related factors: systemic therapy, onco-
plastic surgery, surgical specimen weight, lymphadenectomy,
re-excision, postoperative seroma or oedema, a sequential or

simultaneous boost, administration of the boost dose, the
boost modality, dose inhomogeneity, (electron) energy and
total RT dose are described [10,13–16,26]. As reported by
Hammer, most of the prognostic clinicopathological variables
highly correlate with the DVH parameters derived from the
dose distribution: for example, administration of boost dose,
boost modality, cup size and also BMI [15]. In our analysis,
Spearman correlation tests showed no correlation between
V55 and surgical specimen weight and a possible correlation
between V55 and BMI with r¼�0.17 and p value .10.

Despite the large and rather inhomogeneous amount of
data available on AO after BCT, limited research has been
conducted so far on NTCP models predicting the incidence
of unfavourable AO in individual patients, taking into account
dosimetric data. We have conducted a forward stepwise
logistical regression including univariable significant clinico-
pathological variables and obtained a model with seroma
and ALND. Adding the dose-volume metric V55 to the
model significantly increased the likelihood ratio. Based on
the present study, we propose the following formula:
NTCP¼ 1/(1þ e�t), where t¼�2.68þ (0.057� V55)þ 1.55 (if
seroma)þ 1.20 (if ALND). The likelihood ratio test showed
that besides V55, also a second parameter would improve
the likelihood (p¼ .02). Adding a third variable would be bor-
derline acceptable with p¼ .057. Estimating three NTCP
parameters (EUD, n and m) in the LKB model therefore does
not imply a high risk for overfitting. The optimal LKB model
also included seroma and ALND as dmf. The LKB model
parameters were EUD3.6(50)¼ 63.3 Gy (95% CI 59.2;68.1),

Table 2. Univariable analysis for unfavourable AO.

Variable Odds ratio 95% CIa p value

Age at diagnosis (years) +1 year 0.99 0.96; 1.03 .64
Breast cup +1 unit 1.21 0.88; 1.65 .24
Breast band size (EU) +1 unit 1.13 0.92; 1.39 .24
Chemotherapy Yes vs No 2.64 1.17; 5.96 .02
Hormonal therapy Yes vs No 1.58 0.40; 6.31 .51
Trastuzumab Yes vs No 3.45 0.95; 12.54 .06
Boost modality Brachy vs EBRT 1.07 0.51; 2.24 .86
Lymphadenectomy Ref. Sentinel None 0.50 0.10; 2.47 .39

Axillary lymphadenectomy 3.17 1.32; 7.62 .01
Position of tumor Ref. Outer quadrantsb Inner quadrants 0.83 0.33; 2.09 .69

12 o’clock 2.14 0.65; 7.09 .21
Pathologic T-stage Ref. [1]c is 0.47 0.09; 2.32 .35

2 2.33 1.02; 5.35 .05
Re-resection Yes vs No 1.34 0.28; 6.26 .71
Seroma Yes vs No 2.80 1.17; 6.73 .02
BMI (kg/m2) +1 unit 1.09 1.00; 1.18 .04
Surgical specimen weight (g) +1 unit 1.02 1.00; 1.03 .01
Surgical specimen weight >75 g Yes vs No 2.54 0.92; 7.01 .07
Volume breast (cm³) +100 units 1.09 0.99; 1.19 .08
Dmean breast (EQD2 Gy) +1 Gy 1.18 1.02; 1.37 .03
V30 EQD2 (%) +1% 1.42 1.04; 1.94 .03
V35 EQD2 (%) +1% 1.28 1.03; 1.60 .02
V40 EQD2 (%) +1% 1.20 1.02; 1.42 .03
V45 EQD2 (%) +1% 1.12 1.01; 1.25 .03
V50 EQD2 (%) +1% 1.02 1.00; 1.05 .10
V55 EQD2 (%) +1% 1.05 1.01; 1.10 .008
V60 EQD2 (%) +1% 1.07 1.01; 1.12 .012
V65 EQD2 (%) +1% 1.09 1.02; 1.16 .02
V70 EQD2 (%) +1% 1.05 0.96; 1.15 .32
V75 EQD2 (%) +1% 1.01 0.88; 1.16 .86
a95% CI: 95% confidence interval.
bNipple-areolar complex: only 2 patients; none with unfavourable AO.
c0: only 3 patients; all with unfavourable AO; EQD2: equivalent dose in 2 Gy fractions using an alpha/beta of 3.6 Gy [18]; significant
parameters are highlighted in bold.

Figure 1. Graphical representation of the multivariable logistic regres-
sion model.
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n¼ 1.00 (95% CI 0.62;1), m¼ 0.23 (95% CI 0.16;0.37), dmf
(seroma)¼ 0.83 (95% CI 0.73;0.95) and dmf (ALND)¼ 0.84
(95% CI 0.75;0.94). Our data thus suggest that a seroma, an
axillary lymphadenectomy and the V55 are the most import-
ant factors and that the effect of the maximum dose is small
(n¼ 1.00, this is a large n-value and corresponds to a large
volume-effect [20]). As can be seen in Figure 1 and as
reflected by the magnitude of the odds ratios, the presence
of a seroma or an ALND causes a large increase in the prob-
ability of unfavourable AO and rises in V55 result in a smaller
increase. ALND and seroma are thus the most important fac-
tors in the model and adding V55 to the model has a fine-
tuning effect.

Classical prescription doses to the clinical target volume
(CTV) of the breast are 50Gy EQD2 and to the CTV boost
66Gy EQD2. Important to remark is that all patients in our
cohort have received a boost dose, as is reflected in the
range of V55 that does not reach 0%. The present model
could thus show a suboptimal performance in patients not
undergoing a boost. However, a boost is advised in all young
patients according to current guidelines and we can presume
AO is mainly important for those younger patients [27]. V55
thereby is a clinically relevant parameter and strategies to
lower the value have already been reported in literature
[14,15]. Van der Laan et al. have shown that by using the
simultaneous integrated boost (SIB) technique, the mean vol-
ume of the breast receiving �107% of the breast dose (this
is 53.5 Gy) was reduced by 20%. Furtheron, the mean volume
outside the boost planning target volume (PTV) receiving
�95% of the boost dose (this is 62.7 Gy) was reduced by
54% [28]. In another study, the group of Groningen has
recently developed an NTCP model for late physician-rated
fibrosis in the boost area and V55 thereby is one of the 4
withheld parameters [15]. Hurkmans et al. have compared
treatment plans with tangential field intensity-modulated RT
followed by a sequential boost with a SIB technique using
inverse optimization. Presciption doses to the boost volume
were high, 26Gy. The volume of the PTV breast, excluding
the PTV boost, receiving a dose higher than 95% of the
boost dose could be reduced considerably using SIB from
129 cc to 58 cc [29].

To the best of our knowledge, this is the first NTCP model
for late AO measured with BCCT.core after BCT. AO results
from a combination of breast asymmetry, skin colour differ-
ences and scar visibility [8]. Breast asymmetry is primarily
dependent on the amount of tissue excised, but radiother-
apy-associated fibrosis also has an impact [30,31]. Four large
studies have analysed the sub-outcome of breast fibrosis
after BCT. Mukesh et al. have pooled patient data from two
trials including breast RT with or without a boost and esti-
mated NTCP parameters for breast fibrosis. A small value for
the volume parameter ‘n’ was obtained (0.01), suggesting
that the highest dose part of the DVH is the most important
parameter to influence breast fibrosis. In the analysis, how-
ever, only limited dose distribution data were available and a
calculation model was used to estimate the boost/breast vol-
ume ratio and dose distribution [32]. To extend the applica-
tion of NTCP models for fibrosis after whole-breast irradiation
to partial breast irradiation, Avanzo et al. have compared

calculated and observed toxicity rates for patients treated
with partial breast irradiation. Radiobiological parameters
were determined by fitting fibrosis incidences in published
randomized studies and they also obtained a low n-value of
0.06 [33]. These results are conflicting with the data reported
by Alexander et al. [34]. In their study, clinical results on
breast fibrosis were also collected from available literature
and prescribed doses rather than dose distributions were
used. The recently developed model by the group of
Groningen estimated the risk for late physician-rated�grade
2 fibrosis in the boost area following 3D conformal RT with
simultaneous integrated boost. 13.4% of the 546 analysed
patients developed fibrosis� grade 2 in the boost area and
the model included age, V55 of the CTV breast and Dmax

[15]. In contrary to the above cited studies, in the present
cohort the dose-volume metrics for the whole breast were
taken into account, thus including the skin. Pastore et al.
have estimated LKB parameters for severe acute radio-
induced skin toxicity from dose-surface histograms and con-
cluded a high n-value of 0.4, consistent with a surface effect
for skin [35].

AUC values for the two NTCP models in the present study
were 0.76 and 0.74 (for the regression analysis and the LKB
model, respectively) when training the models on the whole
dataset. The AUC corrected after bootstrap sampling was
slightly worse for the LKB model (0.74 with 95% CI 0.61; 0.83)
compared to the logistic regression model (0.75 with 95% CI
0.64; 0.85). This is probably due to the hotspots taken into
account in the EUD calculation. Even with an n-parameter of
1, hotspots affect the EUD/mean dose. The hotspot informa-
tion in DVHs from patients treated with a brachytherapeutic
boost could thus not be eliminated from the LKB model,
while it could be eliminated in the regression model by only
incorporating V55. As Dmax is not withheld in both NTCP
models, we might suggest that high hot spot doses to a
small volume as obtained in brachytherapy boost doses do
not seem to impair AO. Based on the logistic regression
model, we suggest to implement a new constraint in treat-
ment planning. In case of no seroma or ALND, a late
unfavourable AO is expected in less than 10% of breast can-
cer patients when the volume of breast tissue receiving
55Gy (EQD23.6) is limited to 8%.

A true limitation of the study is that there was no baseline
AO available so there may have been patients with an
unfavourable AO before the start of RT. We tried to over-
come this issue by taking those clinicopathological variables
correlated with unfavourable AO into account, as reported by
Hennigs et al. [10]. Added to that, a prospective ongoing
study at our institution revealed a low rate of baseline
unfavourable AO after breast-conserving surgery: 3 patients
out of 175 (1.7%). Bias could theoretically also have been
introduced due to losses in follow-up, however a strict fol-
low-up regimen is followed at our institution, so we believe
this would not alter the results. More prospective studies
however are warranted and an external and independent val-
idation of the obtained model is important before wide-
spread implementation. Also, there is evidence that patients
evaluate AO more positively than objective measures and
professionals [7]. Furthermore, the relationship between the
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objective AO and quality of life is unclear. Ideally, patient
reported outcome measures should be incorporated in the
decision-making when weighing up different treatment
options. The deformable registration of the brachytherapy CT
scan with the external beam planning CT scan for whole
breast irradiation might lead to inaccuracies. This deform-
ation of the breast however is inherent to the brachythera-
peutic technique with the use of interstitial needles.
Furthermore, it is possible that due to the higher radiobio-
logical effectiveness (RBE around 1.3) of brachytherapy the
calculated brachytherapy doses were underestimated [36].
On the contrary, the LQ model tends to overestimate the
effectiveness of cell killing in high dose rate brachytherapy
[37]. The present model should therefore also not be used
for extreme hypofractionation schedules with fraction sizes
increasing 3.25 Gy without further testing [37]. Bentzen et al.
have also reported the RBE for electrons was 0.88 relative to
photons at 4.1mm depth. As the RBE at different depths is
unknown, no attempts were made to correct for this [38].
Another important remark is that a lot of dose-volume met-
rics between V30 and V65 were significantly correlated with
unfavourable AO in univariable analysis. Because V55 was the
most significant and a clinically relevant parameter, it was
included in the multivariable analysis. Furthermore, as
described by Marks et al. the correlations between dosimetric
parameters are technique dependent [39]. With intensity-
modulated radiotherapy for example, dose gradients are typ-
ically steep and high-dose volumes small. Thus the dose-vol-
ume characteristics and their correlations would be quite
different from those in the present cohort. The presented
results are based on 3D conformal RT with wedges or field-
in-field RT and a sequential external beam or brachythera-
peutic boost and they can thus not be extrapolated to other
treatment techniques without further testing [39].

In conclusion, we have developed an NTCP model for late
AO after BCT. Our data suggest that a seroma and an axillary
lymphadenectomy are the most important clinical factors,
that the effect of the maximum dose is small (n¼ 1.00) and
that the V55 is the most important dose-volume metric to
limit unfavourable AO after breast-conserving therapy. The
multivariable logistic regression model with three single
parameters (seroma, ALND and V55) is considered practically
useful. Independent validation is necessary.
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