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ABSTR ACT
INTRODUCTION: Oncoplastic breast conservation surgery (OBCS) combines the principles of surgical oncology and plastic surgery. OBCS has now 
become a growing option for the treatment of breast cancer and forms a part of breast-conserving therapy (BCT). We sought to investigate and report our 
experience in two breast units in Glasgow (Victoria Infirmary and Western Infirmary) on volume replacement OBCS.
MATERIALS AND METHODS: Details of patients treated with volume replacement OBCS were identified from a prospectively recorded database 
from November 2010 to October 2015. The clinical records included in the oncoplastic dataset were analyzed for demographics, tumor, treatment charac-
teristics, and recurrences. The data were analyzed for follow-up to determine the pattern and timing of recurrence up to April 2016. The primary outcome 
of this study was tumor-free margin resection rates, and the secondary outcomes were locoregional and distant recurrence rates as these correlate with the 
overall oncological safety of volume replacement oncoplastic breast surgery (OPBS).
RESULTS: A total of 30 volume replacement oncoplastic breast conservation procedures have been carried out in this time period. The mean age of the 
former group was 51 years. Twice as many patients presented symptomatically than had tumors detected on screening. The mean preoperative tumor size on 
radiology was 25.4 mm. Patients underwent 13 thoracoepigastric flaps, 5 lateral intercostal artery perforator (LICAP) flaps, 2 thoracodorsal artery perfora-
tor (TDAP) flaps, 1 lateral thoracic artery perforator (LTAP) flap, 1 crescent flap volume replacement surgery, and 8 matrix rotations. Two patients had 
neoadjuvant chemotherapy. Fourteen patients had adjuvant chemotherapy, and all patients were treated with adjuvant radiotherapy. Twenty-two patients 
were treated with hormonal therapy and four patients were treated with Herceptin. The rate of incomplete excision was 10%. Median follow-up time was 
48.5 months. Only one regional recurrence was detected. Eight patients encountered some form of complication.
CONCLUSION: This study continues to show the relative oncological safety of volume replacement oncoplastic conservations as an option for reconstruc-
tion in breast cancer patients. Further research is urgently needed to build robust evidence supporting the long-term oncological safety.
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Introduction
Oncoplastic breast conservation surgery (OBCS) describes 
techniques that combine the principles of surgical oncology 
with those of plastic surgery in an attempt to achieve a desir-
able esthetic result while maintaining low cancer recurrence 
rate.1 OBCS was conceived as a solution to the cosmetic defect 
from breast conservation surgery (BCS).2 It comprises tumor 
excision with a wide margin of resection followed by immedi-
ate reconstruction of the defect.

OBCS generally comprises two techniques, which are 
volume displacement and volume replacement. The use of 
volume displacement OBCS has been well established. Simi-
larly, several volume replacement techniques have also been 
well established, such as the latissimus dorsi (LD) myo-
cutaneous flap3–5 and the LD myosubcutaneous flap or LD 
mini (LDm) flap.6–8 Variations of pedicled flaps based on 
the intercostal artery perforators and thoracodorsal artery 

perforators (TDAPs) have been described and shown to be 
reliable in immediate BCS reconstruction.9–12 Additionally, it 
has been used in combination with other flaps such as the tho-
racoabdominal advancement flap to achieve desirable results.13 
Similarly, the thoracoepigastric flap has also been shown to 
be another reliable, effective, and relatively simple form of 
volume replacement.14,15 OBCS is an effective technique used 
in patients in whom 10% of the breast volume is excised in 
medial tumors and 20% in lateral tumors, where outcomes 
with volume displacement techniques would not achieve an 
acceptable cosmetic outcome.16,17

The current evidence on the oncological outcomes of 
other forms of volume replacement oncoplastic conservation 
largely focuses on LD myocutaneous or LDm flaps in 
multiple study designs. As previously established, the 
likelihood of conducting a prospective randomized con-
trolled trial for oncoplastic breast conservation is highly 
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unlikely due to the ethical considerations,18,19 and this 
extends to volume replacement too. We aim to ascertain 
the recurrence and complication rates after volume replace-
ment oncoplastic breast conservation in our local popula-
tion. As with all cancer resections, the primary outcome 
is oncological safety. We sought to investigate and report 
our experience in two breast units in Glasgow on volume 
replacement OBCS.

Materials and Methods
This study was designed and reported in line with STROBE 
criteria.20 Methods for data collection in our centers have 
previously been described.21–24 The research was conducted 
in accordance with the principles of the Declaration of 
Helsinki. Details of patients treated with OBCS in two cen-
ters within the publicly funded NHS Greater Glasgow and 
Clyde health trust between November 2010 and October 
2015, namely, the Victoria Infirmary and Western Infir-
mary, were prospectively recorded in a standardized insti-
tutionalized database. The following characteristics were 
recorded prospectively in the oncoplastic dataset: demo-
graphic data (age, body mass index [BMI], brassiere size, 
risk factors for breast cancer, and breast surgery), preopera-
tive tumor size, pre- and postoperative pathology, surgical 
and oncological management, surgical complications, and 
time and site of recurrence. Patients who had undergone 
volume replacement OBCS were identified. The clinical 
records included in the oncoplastic dataset were analyzed 
for demographics, tumor, treatment characteristics, and 
recurrences. Missing data were retrospectively searched 
via case records and included in the analysis. Preoperative 
tumor size was determined as the largest diameter given on 
any preoperative imaging. Patients with previous ipsilateral 
or contralateral ductal carcinoma in situ (DCIS) or breast 
cancer were excluded.

Patients in whom breast cancers were detected either on 
screening or after a symptomatic presentation were included. 
The confirmation of cancer diagnosis was done with radio-
logical and pathological evidence (core biopsy, axillary biopsy, 
etc.). Treatment plans were decided in a local multidisciplinary 
meeting consisting of radiologists, pathologists, oncologists, 
breast surgeons, and breast specialist nurses. Oncoplastic 
technique was mutually decided between the patient and the 
oncoplastic breast surgeon or breast surgeon, with or without 
consultation and surgical co-intervention of a plastic surgeon. 
Radiotherapy, chemotherapy, and hormone therapy were 
administered according to evidence-based guidelines of the 
Beatson West of Scotland Cancer Centre in the given time 
period (Fig. 1).21

Surgical, oncological, radiological, and pathological 
reports were analyzed for follow-up to determine the pattern 
and timing of recurrence up to April 2016. Length of follow-
up was determined as time elapsed from first treatment. 
Patients were followed up every 12 months by surveillance 

mammogram and clinical examination, and abnormal clinical 
findings were further investigated as appropriate. Recurrences 
were documented by clinical examination, radiological tests, 
and/or pathological assessment (Fig. 1).

The primary outcome of this study was tumor-free margin 
resection rates, and the secondary outcomes were locoregional 
and distant recurrence rates as these correlate with the overall 
oncological safety of volume replacement OPBS. We defined 
tumor-free margins as a distance of at least 1 mm between cut 
edge of the specimen and the outer limit of the tumor when 
the pathology was invasive cancer, and 2 mm for DCIS. This 
is based on findings that greater distances are not associated 

Figure 1. A flowchart showing management of breast cancer with a 
multidisciplinary team approach.
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with improved outcomes.25–27 Surgical complication rates 
were the secondary outcome of interest in this study.

Results
Baseline characteristics and risk factors. A total of 208 

oncoplastic breast conservation procedures have been carried out 
in this time period. A total of 30 of 208 (15.9%) patients under-
went volume replacement surgery, and the remaining under-
went volume displacement surgery. The mean age of the former 
group was 51 years (range 24–69 years). Three patients had 
A-cup breasts, four patients had B-cup breasts, four patients had 
C-cup breasts, three patients had D-cup breasts, two patients 
had E-cup breasts, and two patients had F-cup breasts. The mean 
BMI was 28 (range 21–37). Six patients were current smokers and 
two patients were ex-smokers. Comorbidities were diabetes in 
one patient (3.3%), immunosuppression in four patients (13.3%), 
and anticoagulation in one patient (3.3%). Baseline characteris-
tics are outlined in Table 1.

Tumor characteristics. Twice as many patients presented 
symptomatically than had tumors detected on screening—20 
(66.7%) versus 10 (33.3%). Of these, 11 patients (36.7%) had 
tumors found in the upper outer quadrant, 4 (13.3%) in the 
upper inner quadrant, 12 (40.0%) in the lower outer quadrant, 
and 3 (10.0%) in the lower inner quadrant. The mean preop-
erative tumor size on radiology was 25.4 mm.

Pathological tumor subtypes were ductal in 23 patients 
(76.7%), lobular in 5 (16.7%), mixed in 1 (3.3%), and ductal 
carcinoma in situ in 1 (3.3%). A total of 16 patients (53.3%) 
had grade 3 tumors, 13 patients (43.3%) had grade 2 tumors, 
and 1 patient (3.3%) had grade 1 tumor. Mean whole tumor 
size was 25  mm (range 9–45  mm). Four patients (13.3%) 
had multifocal tumors. Estrogen receptor was expressed 
in 23 tumors (79.3%), progesterone receptor was expressed 
in 21 tumors (72.4%), and HER-2 receptor was expressed in 
4 tumors (13.8%). Eight patients had node-positive tumors 
(27.6%; Table 2).

Surgical techniques. The majority of patients (13 of 30) 
underwent oncoplastic breast conservation using a thoraco-
epigastric flap. A total of eight patients underwent pedicled 
flap reconstructions—five patients received lateral intercos-
tal artery perforator (LICAP) flaps, two patients had thora-
codorsal artery perforator (TDAP) flaps, and one patient had 
a lateral thoracic artery perforator (LTAP) flap. One patient 
underwent crescent flap volume replacement surgery. Of the 
eight patients who underwent matrix rotation, five were infe-
rior, one was superomedial, and two were superior matrix 
rotation.

Synchronously, 24 patients underwent sentinel node 
biopsy, 5 patients underwent axillary node clearance, and 
1 patient underwent symmetrizing contralateral breast reduc-
tion (Table 3).

Adjuvant and neoadjuvant therapies. Two of 30 patients 
(6.7%) had neoadjuvant chemotherapy. Postoperatively, 
14 patients (48.3%) underwent adjuvant chemotherapy, and 
all 30 patients were treated with adjuvant radiotherapy. In all, 
22 patients (82.7%) were treated with hormonal therapy and 
4 patients (13.8%) were treated with Herceptin (Table 4).

Margins, recurrences, and complications. The rate of 
incomplete excision was 10% (three patients), which were all 
subsequently re-excised successfully. From a median follow-up 
time of 48.5 months (range 6–66 months), we have detected 
no local recurrences, one regional recurrence involving the 
brachial plexus, and no distant metastases.

Overall, eight patients (26.7%) encountered some form 
of complication. Of these, two patients had seromas, two 
patients had partial flap failure, one patient had a hema-
toma, two patients had fat necrosis, and one patient had cel-
lulitis. Of these, only two patients (6.7%) required surgical 
intervention. Specifically, the patient with fat necrosis was 
returned to theater for a washout, and one of the patients 
with flap failure required debridement followed by second-
ary closure.

Table 1. Baseline characteristics and risk factors.

VARIABLE (n, %)

age (mean, range) 51, 24–69

BMi (mean, range) 27.8, 23.6–36.2

diabetes

Yes 1

no 24

no data 1

Family history

Yes 5

no 21

smoking status

Current smoker 6

ex-smoker ??2

non-smoker 20

hrt

Yes 4

no 20

no data 2

immunosuppression

Yes 0

no 30

Breast cup size

a 3

B 4

C 4

d 3

e 2

F 2

larger than F 3

no data 7
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Table 2. tumour characteristics.

PATIENTS NO. INCOMPLETE 
EXCISIONS

RECURRENCES

LOCOREGIONAL

NO. NO.

all patients 26 7 1

Presentation

screening

symptomatic

laterality

left

right

Quadrant

Upper outer

Upper inner

lower outer

lower inner

invasive cancer 25 7 1

t1 8 2 0

t2 21 5 1

t3 0 0 0

tumour grade

G1 1 0 0

G2 13 4 0

G3 16 3 1

Pathological subtype

ductal 23 3 1

lobular 5 4 0

Mixed 1 0 0

Oestrogen receptor status

Positive 23 7 0

negative 7 0 1

Progesterone receptor status

Positive 21 5 0

negative 9 2 1

her-2 receptor status

Positive 4 1 0

negative 26 6 1

nodal status

Positive 8 3 1

negative 22 4 0

dCis 1 0 0

stage of disease

0 1 0 0

ia 8 1 0

iB 1 0 0

iia 16 5 0

iiB 0 0 0

iiia 1 0 1

iiiB 0 0 0

iiiC 1 1 0

Discussion
Oncoplastic breast surgery is becoming the preferred option 
in suitable patients due to its focus on esthetic results with-
out compromising oncological safety. Volume replacement 
can maintain the original shape and size of the breast and 
achieve a balanced esthetic result without any contralateral 
surgery.2

Oncological safety. The safety of OBCS is becoming 
increasingly established. However, the evidence for long-term 
outcomes of volume replacement oncoplastic surgery is lacking. 
The main concern with breast conserving surgery compared 
with mastectomy is the plausible increased risk of margin-
positive resections. Volume replacement OPBS circumvents 
the problem of replacing volume loss by obtaining volume from 
autologous non-breast tissue in the combination of skin, fat, 
fascia, and/or muscle to match the volume resected. However, 
compared to volume displacement techniques, there is some 
concern over the relationship between increased volume and 
decreased efficacy of adjuvant radiotherapy and that distortion 
of tissue planes complicates re-excision in the case of margin-
positive resections and follow-up imaging. Several studies, 
including ours, have already addressed the issue of follow-up 
mammography after volume replacement surgery to not be a 
major factor due to the radiolucent nature of the tissues.28,29

Our data indicate a margin-free resection rate of 83.3%. 
This is comparable to a recent systematic review focusing on 
volume displacement surgery by Haloua et al on oncoplastic 
breast surgery, which found margin-free resection rates to vary 
between 78% and 93%.30,31 It should be noted that definitions 
of margin-free resection varied between publications. Reviews 
focusing on volume replacement OBCS have found margin-
positive resection rates to range between 0% and 26.6%.32 
Nevertheless, all four patients with margin-positive resections 
underwent re-resection successfully and have no evidence of 
recurrence.

In this study, the incidence of locoregional recurrence is 
3.3%. We found no incidents of postoperative distant metasta-
sis throughout our follow-up period in our patient population. 
The patient who had the regional recurrence was one of six to 
have a triple-negative tumor and had the highest American 
Joint Committee on Cancer (AJCC) stage of our study popula-
tion, which was IIIA. This is consistent with findings of several 
previously published studies and reviews on volume replace-
ment OBCS, which report a range of 0%–8.1% throughout 
a large variation of follow-up periods.1,32–34 In comparison, 
reviews focused on volume displacement OBCS found a 
locoregional recurrence rate to range from 0% to 9.4%.30,31

With a median of 48 months of follow-up, no distant 
recurrences have been found in our study. Multiple previously 
published studies on volume replacement OBCS have also 
found a range of distant metastasis or recurrence rates ranging 
from 0% to 14.6%.1,32 Haloua et al,30 whose review focused on 
volume displacement OBCS, found distant metastasis rates to 
be as high as 13%.
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Table 4. summary of (neo)adjuvant therapies.

PATIENTS NO. (%)

all patients 30 (100)

neoadjuvant chemotherapy 2 (6.7)

radiotherapy 30 (100)

Chemotherapy 14 (46.7)

hormone therapy 22 (73.3)

herceptin 4 (13.3)

Table 3. summary of surgical techniques.

PATIENTS NO. (%) INCOMPLETE 
EXCISIONS

RECURRENCES RECURRENCES

OVERALL LOCAL

NO. NO. NO.

all patients 3 0 0

Thoracoepigastric flap 13 (43.3) 0 0 0

Matrix rotation 8 (26.7) 2 1 1

inferior 5 (16.7) 1 1 1

supero-medial 1 (3.3) 0 0 0

superior 1 (3.3) 1 0 0

Lateral intercostals artery perforator (LICAP) flap 5 (16.7) 1 0 0

Thoracodorsal artery perforator (TDAP) flap 2 (6.7) 0 0 0

Lateral thoracic artery perforator (LTAP) flap 1 (3.3) 0 0 0

Crescent flap 1 (3.3) 0 0 0
 

As we had previously reported, our centers have imple-
mented taking cavity shavings as a routine part of our tumor 
resections, which resulted in a significantly lower incomplete 
excision rate compared to other centers.22 This may explain the 
relatively low local and distant recurrence rates in this study.

Complications. Concerns that arise regarding complica-
tions of the donor site are unique to the volume displacement 
techniques in OCBS, but throughout our period of follow-up, 
we have not found any reported cases of donor site morbidi-
ties. However, partial flap failure was reported in two patients. 
Both patients underwent wide local excisions with immediate 
thoracoepigastric flap reconstruction, which subsequently had 
debridement. Five other complications that did not require sur-
gical intervention were recorded. A study by Lee et al1 found 
acute complication rates (infection and wound dehiscence) of 
5.6% and chronic complication rates (fat necrosis) of 12.5%. In 
a systematic review by Haloua et al30 on volume displacement 
OBCS, complication rates were found to be low for delayed 
wound healing (2%–16%), abscess (2%), axillary seroma (4%), 
hematoma (2%–7%), partial skin necrosis (1%–68%), fat 
necrosis (3%), and dehiscence (3%–4%). In this review, compli-
cations requiring surgical intervention ranged from 4% to 9%.

Limitations. Baseline characteristics and tumor charac-
teristics were not disclosed in many of the studies and reviews 
referenced in this study. As such, we were unable to make 

comparisons of the aforementioned characteristics of our 
patients and relate them with the outcomes in this study.

This study was not designed to evaluate patient perspec-
tives or cosmetic outcomes, which are important consider-
ations in oncoplastic breast conservations.

Conclusion
Our study continues to show the relative oncological safety of 
volume replacement oncoplastic conservations as an option for 
reconstruction in breast cancer patients.
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