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Background: Post-mastectomy radiotherapy reduces the risk of local-regional relapse and distant disease, and
increases global survival in women with axillary involvement. With the new reconstruction techniques and
increasing use of directed external radiotherapy, immediate reconstruction can be performed with good cosmetic
results and low complication rates.

Materials and methods: Observational study with consecutive sampling conducted in patients undergoing re-
constructive surgery for breast cancer, between 2010 and 2016, with a 12-months minimum follow-up period. A
group of patients radiated after receiving an expander (RT-Expander) were compared with a control group of
non-radiated patients (Non-RT), who had been treated with the same surgical technique. We compare general
complications, reconstruction failure, aesthetic results and satisfaction degree with software IBM~ SPSS”
Statistics v. 21 and BREAST-Q scores.

Results: Reconstruction failure was observed in 15.6% of patients in a similar proportion in both groups.
External radiotherapy was not an independent significant factor influencing the occurrence of general compli-
cations, capsular contracture grade =3 or reconstruction failure. The Kaplan-Meyer curve showed no differences
in reconstruction survival between groups. Aesthetic results were excellent-very good in 78.1% of patients.
Absence of a contralateral procedure for symmetrization, occurrence of general complications, occurrence of
capsular contracture grade =3 and reconstruction failure were significantly associated to fair-poor cosmetic
results. The satisfaction degree of operated patients was similar in both groups.

Conclusions: The evolution of external radiotherapy towards more directed techniques, which modulate the dose
administered to the mammary tissue and adjacent structures, allowed us to make immediate reconstruction a
reality for most patients, with complication rates, cosmetic results and satisfaction degrees similar to those of
non-radiated patients.

1. Introduction

Conservative surgery is the most widely used surgical treatment in
breast cancer [1]. However, 20-30% of patients will still require mas-
tectomy, associated to breast reconstruction in most cases, for a com-
plete treatment of their disease [2]. Breast reconstruction is aimed at
recreating the original breast shape and volume, thus contributing to
enhance cosmetic results and patient's quality of life [3]. Post-mas-
tectomy radiotherapy reduces the risk of local-regional relapse and

distant disease, and increases global survival in women with axillary
involvement [4]. In former times, when the need for this adjuvant
therapy was anticipated, breast reconstruction was delayed until the
end of the treatment or even ruled out [4,5]. With the new re-
construction techniques and increasing use of directed external radio-
therapy, immediate reconstruction can be performed with good cos-
metic results and low complication rates [5,6].

Alloplastic reconstruction, by placing an expander and subsequently
changing to a definitive prosthesis, is being increasingly chosen by

* Corresponding author. Universidad de Las Palmas de Gran Canaria, Complejo Hospitalario Insular Materno Infantil, Hospital Universitario Insular de Gran
Canaria, Avda. Maritima del Sur, 35016, Las Palmas de Gran Canaria, Las Palmas, Spain.

E-mail address: anath15@hotmail.com (A.A. Tejera Hernadndez).

https://doi.org/10.1016/j.ijsu.2019.01.017

Received 4 November 2018; Received in revised form 25 December 2018; Accepted 24 January 2019

Available online 29 January 2019

1743-9191/ © 2019 1JS Publishing Group Ltd. Published by Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/17439191
https://www.elsevier.com/locate/ijsu
https://doi.org/10.1016/j.ijsu.2019.01.017
https://doi.org/10.1016/j.ijsu.2019.01.017
mailto:anath15@hotmail.com
https://doi.org/10.1016/j.ijsu.2019.01.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijsu.2019.01.017&domain=pdf

A.A. Tejera Herndndez, et al.

several authors [6,7]. However, there is still controversy on the most
suitable time for radiation, long-term cosmetic consequences and ac-
ceptable rates of reconstruction failure or capsular contracture for
supporting and validating this technique [6-8]. A number of studies on
this topic can be found in the current literature, although most of them
are focused on the complications of radiation and do not establish a
relationship with reconstruction failure, cosmetic results and, in parti-
cular, patient's satisfaction. The radiotherapy type to be used is also a
much debated topic [9]. In the last decades, technological advances
resulted in improved treatment planning and elimination of dose bar-
riers usually affecting this type of patient [9,10].

The goal of this study was to establish whether inverted external
radiotherapy planning, used in our hospital, is an influencing factor on
breast reconstruction, final cosmetic results and patient's satisfaction, as
compared with non-radiated patients undergoing the same surgical
technique.

2. Material and method

Observational study with consecutive sampling conducted in pa-
tients undergoing surgery for breast cancer, with mastectomy and
placement of an expander, which was subsequently changed to a defi-
nitive prosthesis. Included patients were treated between 2010 and
2016, with a 12-months minimum follow-up period, ending January
2018. A group of patients radiated after receiving an expander (RT-
Expander) were compared with a control group of non-radiated patients
(Non-RT), who had been treated with the same surgical technique. It is
decided to administer adjuvant radiotherapy to patients with axillary
involvement, positive margins or with tumors larger than 5 cm.

RT-Expander patients underwent mastectomy plus immediate pla-
cement of sub-muscular expander and musculofascial coverage, asso-
ciated to an expansion of 50% total volume. Axillary emptying was
conducted according to the results of the sentinel lymph node. Volume
expansion was continued 14 days post-operative and CT simulation was
conducted one month post-operative. If, at that moment, high tension
was observed (expander could not be pinched or moved) it was partially
emptied (minimum 50 cc) and tension was again assessed before CT
simulation. The prescribed dose of external radiotherapy was 50 Gy
standard fractionation (2 Gy fraction) both to the breast volume and the
ipsilateral lymph node areas, when indicated. Inverse planning tech-
niques were used for radiotherapy, such as volumetric modulated arc
therapy (VMAT) or intensity-modulated radiation therapy IMRT, which
allow taking expander valves and transition to healthy tissue into ac-
count, thus avoiding high-dose spots and enhancing dose homogeneity.
The same surgical technique was used in Non-RT patients, performing
weekly expansions according to patient's tolerance and completing
breast reconstruction at the end.

Patients were examined at the doctor's office each month and data
were retrospectively collected from the institutional database, except
for those from the satisfaction questionnaire BREAST-Q, which was
prospectively administered until August 2018. Patients who did not
complete the questionnaire, those who abandoned follow-up before 12
months postoperative, those who had undergone previous conservative
treatment including external radiotherapy and those who underwent
replacement surgery in a different centre, were excluded from the
study.

Demographic variables were classified and studied in a dichotomous
way: age (=50 years), body mass index (BMI =30), bra size (=C),
presence or absence of comorbidities (smoking, diabetes mellitus and
blood hypertension), follow-up time and survival time. Axillary pro-
cedure and bilaterality of reconstruction were also evaluated, as well as
the occurrence of complications (hematoma, seroma, necrosis, infec-
tion, contracture and exposure). Reconstruction failure was defined as
the loss of the expander or the definitive prosthesis during post-
operative follow-up. The same type of expander and prosthesis were
used in all cases.
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Capsular contracture was classified into two groups according to the
Baker scale [11] (Grade I-II/Grade III-IV). Cosmetic results were eval-
uated by the surgeon according to a 4-category scale (excellent, very
good, fair, poor), where excellent and very good were associated, as
well as fair and poor, in order to reduce sample dispersion.

Radiotherapy-associated variables were analyzed with the Mann-
Whitney U test for numerical variables and the Fisher's exact test for
dichotomous variables, with significance considered for p < 0,05.
Kaplan-Meyer survival curve was obtained for reconstruction by using
the Long Rank (Mantel-Cox) test. The IBM” SPSS” Statistics v. 21 soft-
ware was used.

Besides radiotherapy, other facts potentially affecting cosmetic re-
sults were evaluated (age, BMI, bra size, bilaterality, occurrence of
general postoperative complications, capsular contracture and re-
construction failure) by using the Fisher's exact test.

Finally, patient satisfaction degree was evaluated by using the
BREAST-Q questionnaire (reconstruction module), which was applied a
minimum of one year after the end of adjuvant treatment [12]. The
used scales included satisfaction with breasts, satisfaction with results,
psychosocial wellbeing, sexual wellbeing and physical wellbeing.
Questionnaire results were converted into a 0-100 scale, where the
latter corresponded to maximum satisfaction degree. These results were
related to the use of external radiotherapy by using the statistical
analysis system QScore software (V1.0 of the Breast-Q).

The work has been reported in line with the STROCSS criteria [13].

3. Results

The study included 64 patients: 41 (Non-RT) y 23 (RT-Expander)
(Table 1). Demographic characteristics were similar for both groups; no
significant differences were found in age, BMI and bra size. Co-
morbidities occurred in almost half of the patients in each group (p:
NS). The most frequent axillary procedure (80% of cases) was sentinel
lymph node biopsy (SLNB); no differences were found between groups.
Procedure bilaterality, mean follow-up time and mean replacement
time were similar for both groups (p: NS).

Complications occurred in 20.3% of patients (Table 2): 19.5% Non-
RT and 21.7% RT-Expander, including: hematoma, seroma, necrosis,

Table 1
Characteristics of the patients n = 64.
Non-RT Expander-RT p
n = 41(%) n = 23(%)

Age 0.598
=50 23(56,1) 15(65,2)

<50 18(43,9) 8(34,8)

Body mass index 1000
=30 18(43,9) 10(43,5)

<30 23(56,1) 13(56,5)

Bra size 0.794
=C 16(39,1) 10(43,5)

<C 25(60,9) 13(56,5)

Comorbidities® 0.291
Yes 19(46,3) 7(30,4)

No 22(53,7) 16(69,6)

Axillary procedure 0.148
SLNB 37(90,2) 17(73,9)

Lymph node dissection 4(9,8) 6(26,1)

Laterality 1000
Unilateral 8(19,5) 5(21,7)

Bilateral 33(80,5) 18(78,3)

Mean follow up time 54,97 (DE 24,76) 43,96 (DE 20,70) 0.134

(months)
Mean time of exchangeb 13,15(DE 8.04) 13,13(DE 8047) 0.887

@ Mellitus diabetes, arterial hypertension or smoker; SLNB: Sentinel lymph
node biopsy.

> Mean interval time between expansor insertion and exchange to implant
(months).
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Table 2
Complications rates.
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Non-RT n = 41(%) Expander-RT n = 23(%) p

General complications” 0.831
Yes 8(19,5) 5(21,7)

No 33(80,5) 18(78,3)

Capsular contracture 0.474
Grade>=3 5(12,2) 5(21,7)

Grade < 3 36(87,8) 18(78,3)

Reconstructive failure 1000
Yes 6(14,6) 4(17,3)

No 35(85,4) 19(82,7)

% Hematoma, seroma, necrosis, infection, exposure.

infection, exposure, capsular contracture or reconstruction failure, with
no significant differences between groups. Capsular contracture grade
>3 was more frequent in the RT-Expander group (21.7% vs. 12.1%
Non-RT), although differences were not statistically significant (p:NS).
Reconstruction failure was observed in 15.6% of patients in a similar
proportion in both groups (17.3% RT-Expander vs. 14.6% Non-RT;
p:NS). External radiotherapy was not an independent significant factor
influencing the occurrence of general complications, capsular con-
tracture grade =3 or reconstruction failure.

The Kaplan-Meyer curve (Fig. 1) showed no differences in re-
construction survival between groups (RT-Expander vs. Non-RT;
p:0.097).

Aesthetic results were excellent-very good in 78.1% of patients.
Table 3 shows the cosmetic results. No differences were found in RT-
Expander patients: 36% excellent-very good vs. 35.7% fair-poor, p:NS.
Age =50 was a significant factor for obtaining excellent to very good
results p: 0.013. Body mass index and breast size (measured through the
bra size) were not significant variables p:NS. Absence of a contralateral
procedure for symmetrization, occurrence of general complications,
occurrence of capsular contracture grade = 3 and reconstruction failure
were significantly associated to fair-poor cosmetic results. The

Table 3
Aesthetic results.
Excellent- very good  Fair-poor p
n = 50(%) n = 14(%)

Age 0.013
=50 34(68,0) 4(28,6)

< 50 16(32,0) 10(71,4)

Body mass index 0.762
=30 21(42,0) 7(50,0)

< 30 29(58,0) 7(50,0)

Bra size 0.064
=C 17(34,0) 9(64,3)

<C 33(66,0) 5(35,7)

Laterality 0,000
Unilateral 4(8,0) 9(64,3)
Bilateral 46(92,0) 5(35,7)
General complications” 0,000
Yes 4(8,0) 9(64,3)
No 46(92,0) 5(35,7)
Capsular contracture 0,000
Grade=3 3(6,0) 7(50,0)

Grade < 3 47(94,0) 7(50,0)
Reconstructive failure 0,000
Yes 0(0,0) 10(71,4)
No 50(100,0) 4(28,6)
Postmastectomy 1000

radiotherapy

Yes 18(36,0) 5(35,7)
No 32(64,0) 9(64,3)

The numbers in bold are the statistically significant results.
% Hematoma, seroma, necrosis, infection, exposure.

satisfaction degree of operated patients was similar in both groups. No
significant differences related to the use of radiotherapy during re-
construction were observed (Table 4). During follow-up, a case of lo-
coregional relapse was observed in the non-irradiated group of patients.
Besides, in the same group three patients presented distant metastases,
currently undergoing chemotherapy treatment. External radiotherapy

Survival distribution function

0,87

0,671

Survival probability

0.2+

0,0

—1 Non-RT
1 RT-Expander
—t+— Non-RT censored
RT-Expander censored

T 1 I T
40 60

Time (months)

Fig. 1. Reconstruction survival probability curves. The Kaplan-Meyer curve showed no differences between groups (RT-Expander vs. Non-RT; p:0.097).
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Table 4
BREAST-Q scores.

BREAST-Q Scale Non-RT n = 41 Expander-RT n = 23 P

Satisfaction with breasts 70,8 59,1 0,075
Satisfaction with outcome 75,8 79,3 0,611
Psychosocial well-being 85,1 90,9 0,191
Sexual well-being 73,1 76,9 0,513
Physical well-being 72,6 73,0 1000

was not a significant independent factor influencing the presence of
locoregional relapse or distant disease.

4. Discussion

Immediate reconstruction reduces psychological impact and en-
hances quality of life in patients who undergo mastectomy [3]. External
radiotherapy induces deterioration of endothelial cells and micro-cir-
culation, which alters skin annexes, degenerates smooth muscle and
increases subcutaneous fibrosis [9]. Planning a suitable radiotherapy
treatment should cover the target volume to be treated (reconstructed
breast, associated or not to the thoracic wall and ipsilateral lymph node
areas) with the total prescribed dose, while minimizing the dose re-
ceived by adjacent healthy tissues (heart, lungs and contralateral
breast) [9,10]. In earlier times, it was the general opinion that re-
construction hindered the technical capacity for achieving optimal
radiotherapy plans [9]. Such a concept has changed due to the results
from a number of studies [10,14], which demonstrated that modifica-
tions in the standard fields of radiotherapy planning allow for better
dosages.

The emergence of inverse planning techniques (VMAT or IMRT)
which consist of multiple fields defined for reconstruction of the volume
to be treated allowed for reduction of high-dose spots on healthy tissues
and homogenization of dose distribution [14,15]. Combining both
techniques and performing them with inspiratory breath holding con-
tributed to improve radiotherapy planning [14-17].

There are some technical challenges to using these treatments
during breast reconstruction. Radiation to the internal mammary chain,
which is close to the heart, as well as bilateral breast reconstruction, are
the largest technical difficulties, the first one being the most de-
termining factor [14]. The presence of bilateral implants increases
difficulty planning because the contralateral breast is considered a risk
organ that should not be radiated, although its presence does not hinder
the quality of the administered radiotherapy [18]. The future of ex-
ternal radiotherapy in breast reconstruction will probably be based on
the use of hybrid techniques with conformal dose and breath-holding.

In our study, this type of radiation was administered to two groups,
which were rather homogeneous in age, body mass index, bra size,
comorbidities, axillary procedure and laterality of the intervention.
Furthermore, the same technique was used in all patients, alloplastic
reconstruction in two phases. The lack of differences in such variables
allows us to establish that the observed results were not influenced by
them.

The mean follow-up time was in line with other studies [5,6,19] i.e.
43.9 months for RT-Expander vs. 54.9 months for Non-RT, which seems
to be sufficient to obtain significant results in the short and medium-
term. The mean replacement time in radiated patients (13.13 months)
was very similar to that of other authors [6,20], whereas it was rather
longer in non-radiated patients (13.15 months). The delay was probably
due to the fact that patients had to wait to receive adjuvant che-
motherapy and, since our hospital is a public health centre, to restricted
availability of operating room for the second surgery.

Results showed that RT-Expander patients had a similar rate
(slightly higher) of general complications 21.7% vs. 19.5% Non-RT,
with differences not reaching statistical significance. Complications
reported in the literature [8,21] range between 2 and 94% depending
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on the criteria used to classify them. Our rate was acceptable since all
complications were included, even capsular contracture of any degree
and reconstruction failure.

Severe capsular contracture may occur in up to 30% radiated pa-
tients [11]. Modulated intensity radiotherapy and volumetric arc
therapy allow for complex dose distributions with enhanced safety and
minimized times, thus reducing the aggressiveness of the expander
[16,22]. Moreover, since the expander — but not the definitive pros-
thesis — is radiated, wide capsulotomy may be performed during re-
placement surgery, thus reducing the rates of severe capsular con-
tracture [6]. Performing capsulotomy after radiotherapy may
additionally enhance cosmetic results by eliminating potential defects
produced by radiation and adjusting the skin and tissues to the defi-
nitive implant [6,20]. A further technical detail that might reduce
capsular contracture consists in irrigating the prosthesis with povidone-
iodine, although studies on this topic are scarce [23].

Reconstruction failure may vary between 4 and 45% with a variety
of associated factors in every study [6,20,24]. Infection was the most
common complication before removing the expander or the prosthesis,
occurring in 80% of cases. Although breast surgery is considered clean
surgery, 5-10% infection rates have been reported, in particular in
patients receiving neoadjuvant chemotherapy [25,26]. We routinely
used antibiotic prophylaxis in patients undergoing breast reconstruc-
tion. Higher infection rates than expected for clean surgery have been
increasingly observed in breast surgery, possibly due to biofilm for-
mation from mammary duct endogenous microbiota contaminating the
operated tissues [27]. Infection may be treated with antibiotics for a
prolonged period but, in our cases, we preferred removing the pros-
thetic material prematurely and offering a delayed reconstruction. Ex-
trusion was the second most frequent complication leading to re-
construction failure. In our experience, this complication must be
quickly treated. Although the defect could be covered with a skin flap
[28], we preferred premature removal. Only 30% of patients with re-
construction failure chose a new reconstruction with autologous tissue.

Cosmetic outcomes depend on the chosen technique, adjuvant
treatments and patient's expectations. Radiotherapy may alter such
results depending on the chosen radiation technique, administered
dose, and whether or not a boost to the tumor bed is performed.
However, further prospective clinical trials are needed to analyze these
parameters [6,16]. Radiating the expander with only a half of the vo-
lume, could be a beneficial factor for the quality of reconstruction [29];
thus we always do so in our protocol, however with the disadvantage of
increasing the waiting time for replacement. Furthermore, radiating in
this way produces better cosmetic results, although with higher re-
construction failure rates. Both factors support the results observed in
our case series.

Age is another factor to be taken into account. Older patients
showed better cosmetic results probably because of lower expectations;
as opposite to higher thoroughness shown by surgeons in younger pa-
tients [30]. Symmetrization has to be conducted during replacement
surgery in order to minimize final differences between both breasts
[20]. Furthermore, previous errors may be corrected and it is possible
to work with tissues of a real quality [20,31]. This factor was important
for producing good breast reconstructions in our series.

The consequences of complications are variable and may produce
visible alterations in the breast, such as deformities or hypertrophic
scars [21]. Severe capsular contracture increases breast firmness, which
produces a distorted shape and increases asymmetry, thus impairing the
basic objective of reconstruction [11,27]. Loss of the expander or the
prosthesis leads to delays in the reconstruction process with alterations
to the skin and tissues to be used, which may occasionally be irrever-
sible, as well as to the need for several surgical interventions to achieve
resolution [6,8,21]. All of these factors described in the literature
showed positive correlation with unfavorable cosmetic results in our
patients.

Overall, the results of our study should be interpreted cautiously,
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since they come from the experience in only one centre, with a re-
stricted number of cases. Although follow-up time was long, a longer
period of study could lead to an increased number of cases of capsular
contracture and to worse cosmetic results, given that such factors tend
to worsen with the years, in most series. Assessment of cosmetic results
by surgeons might be subjective and vary with the time, as well as
influenced by personal experience and initial expectations. It must be
considered that in the current literature there are studies reporting a
higher index of adverse events and complications, in some cases asso-
ciated with a decrease in satisfaction and cosmetic results. Most of these
studies do not specify the type of radiation therapy used and the se-
lection of the surgical technique is very varied, therefore it is difficult to
compare our results [32,33].

Patients’ satisfaction was evaluated during follow-up, through the
BREAST-Q scores. Most of our patients showed high satisfaction degree
and the use of external radiotherapy was not a factor influencing sa-
tisfaction. However, although patients are satisfied at present, longer
term follow-up is required to assess whether any additional surgical
procedure will be needed to maintain the quality of reconstruction, a
topic that few authors have been able to study [34,35]. Furthermore,
the personal experience of a patient through diagnosis and treatment of
her disease is a subjective factor that may influence her satisfaction and
cannot be objectively measured.

5. Conclusion

The evolution of external radiotherapy towards more directed
techniques, which modulate the dose administered to the mammary
tissue and adjacent structures, allowed us to make immediate re-
construction a reality for most patients, with complication rates, cos-
metic results and satisfaction degrees similar to those of non-radiated
patients. Multidisciplinary coordination between surgery and radio-
therapy teams is essential for producing good results. Early identifica-
tion of factors that are unfavorable to reconstruction is essential for
surgical planning in these patients. A correct selection of patients and
surgical technique, together with adequate previous information, al-
lows us to develop realistic expectations on breast reconstruction,
which lead to higher satisfaction and enhanced quality of life.
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