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B Abstract: Post-mastectomy breast reconstruction is an integral component of breast cancer treatment. It is often
perceived that women in Asian countries have a lower rate of post-mastectomy reconstruction than Western popula-
tions. This study describes trends in timing and types of breast reconstruction performed in the largest healthcare provi-
der in Singapore, over a period of 12 years. It also reports on the oncological outcomes and surgical safety. A
retrospective review of all patients who underwent post-mastectomy reconstruction from January 2001 to December
2012 at the National Cancer Centre Singapore and Singapore General Hospital was performed. Six hundred and twenty
post-mastectomy reconstructions were performed in 579 patients. The proportion of reconstructions increased from 4%
in 2001 to 18% in 2012. Younger patients (<50 years old) and those with early stage cancer were more likely to
undergo reconstruction. Immediate breast reconstruction was favored by more than 90% of patients. Postoperatively,
9% developed acute surgical complications that were treated surgically; 6% had additional surgery for late complica-
tions. Only 4% had delay of adjuvant chemotherapy. At median follow-up of 63 months (range 3-166), loco-regional
recurrence was 4%, and distant metastases 8%. Post-mastectomy reconstruction for breast cancer is increasingly per-
formed in our institution. Both younger age and lower stage disease were associated with choice for reconstruction in
our study. Low rates of delay to adjuvant therapy were noted, and it may safely be offered to suitable women undergo-
ing mastectomy. m
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Post-mastectomy breast reconstruction has become
an integral component of breast cancer treatment.
It improves the psychosocial well-being of patients
who have had a mastectomy and may be performed at
the time of mastectomy or at a later date (1,2). Skin-
sparing, and nipple-sparing mastectomies have been
shown to be oncologically safe (3,4). Advances in
autologous flap techniques and breast prostheses have
also considerably expanded a woman’s options for
post-mastectomy reconstruction.
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The reported rates of post-mastectomy reconstruc-
tions range from 17% to as high as 60% in Western
populations (5-7). This is considerably lower, at 2.6
18% in Asian countries (8,9). Possible reasons for this
discrepancy include a conservative culture which
places less importance on esthetics, inadequate aware-
ness of the procedure and its oncological safety, and
paucity of access to expertise (9-11).

Singapore has the highest incidence of breast cancer
in Asia, with one in 16 women developing breast can-
cer in her lifetime (12). It is unique as it has a predomi-
nantly Asian population, largely Western lifestyle, and
first-world healthcare system. This study reports the
use of post-mastectomy reconstruction within the lar-
gest healthcare cluster in Singapore over the past
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decade. It describes trends in timing and types of
breast reconstruction, identifies the clinicopathological
characteristics for women who had breast reconstruc-
tion, and reports on outcomes of the procedure.

MATERIALS AND METHODS

All women who had immediate or delayed post-mas-
tectomy reconstruction between January 2001 to Decem-
ber 2012 at the Singapore General Hospital (SGH) and
National Cancer Centre Singapore were included in this
study. Immediate reconstructions were performed at the
time of mastectomy while delayed reconstructions had
an initial mastectomy prior to a second surgery for
reconstruction, with no stipulated time interval. Clinico-
pathological information, details of surgery, surgical and
oncological outcomes were retrospectively reviewed
from electronic databases and clinical records.

Early complications occurred within 30 days of
breast reconstruction surgery and were considered as
major if readmission and/or a second operation was
needed. Late complications occurred at least 30 days
after breast reconstruction. Adjuvant chemotherapy
was considered delayed if it was administered more
than 60 days after the primary operation (13). We
arbitrarily divided the study period into two time peri-
ods—the first 6 years (2001-2006) and the last 6 years
(2007-2012) to better appreciate broad trends.

Categorical variables were described by proportions
and compared using the Chi square test. Continuous
variables were expressed in medians and compared
using the Mann—Whitney test.
p < 0.05 was considered as statistically significant.

The study had Institutional Ethics Review Board
approval.

For comparisons,
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RESULTS

Incidence and Trends in Breast Reconstruction

A total of 4,884 mastectomies were performed
between 1 January 2001 to 31 December 2012, and
620 (13%) post-mastectomy breast reconstructions
were done for 579 patients. 596 (96%) were postther-
apeutic mastectomies, whereas 24 (4%) were recon-
structions after a risk-reducing mastectomy. An
increase in incidence of breast reconstructions were
noted over the years from 16 (4%) in 2001 to 73
(18%) patients in 2012 (Fig. 1). This was statistically
significant when considered in the context of the early
(2001-2006) and late (2007-2012) years (7% versus
17%, p < 0.01). Immediate breast reconstructions
(IBR) were generally favored, making up 580 (94%)
reconstructions. This proportion remained in excess of
90% across the years with no discernable variation
(Fig. 1). Among those who had IBR, 498 (86%) had a
skin-sparing mastectomy (SSM) and 75 (13%) had a
nipple-sparing mastectomy (NSM). Significantly more
NSM were performed in recent years (0.9% in 2001—
2006 versus 18% in 2007-2012, p < 0.01). Forty
patients had delayed reconstruction, of which eight of
them had a contralateral IBR. The median time to
breast reconstruction was 29 (range 6-323) months
after initial mastectomy.

Autologous tissue transfers were utilized for 540
(87%) of the reconstructions, whereas implant-based
reconstructions made up the remaining 80 (13%).
Notably, there was a significant increase in implant
reconstructions from 4% in the first 6 years to 18%
in the later period (p < 0.01; Fig. 2). Among autolo-
gous flap reconstructions, 415 (77%) were abdomi-
nally based flaps using either the transverse rectus

Figure 1. Incidence and timing (immediate
versus delayed) of breast reconstruction from
2001 to 2012.
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Figure 2. Trends in type of post-mastectomy breast reconstruction (%).

abdominis myocutaneous (TRAM) flap (pedicled or
free) or deep inferior epigastric perforator (DIEP) flap.
The latissimus dorsi (LD) myocutaneous flap was used
in 125 (23%) reconstructions, of which 41 (33%) had
a concurrent implant placement. Timing of reconstruc-
tion was not significantly associated with any particu-
lar reconstruction type.

Clinicopathological Characteristics

The characteristics of the patients who underwent
post-mastectomy reconstruction are summarized in
Table 1. The median age was 46 (range 22-70) years
old. Patients of Chinese ethnicity, premenopausal
women, and married women were more likely to have a
breast reconstruction. Among those who had a thera-
peutic mastectomy, the majority (83%) had early, stage
I or II breast cancer. The timing (i.e., immediate or
delayed) of reconstruction was not significantly associ-
ated with stage of disease (p = 0.4). These charac-
teristics did not differ between the study periods.
There was an increase in the number of patients who
had risk-reducing mastectomy with reconstruction in
the later period (0.4% versus 6%, p < 0.01) (Tables 2
and 3).

Outcomes

The mean length of hospitalization stay was
10 days (range 2-39). It was 10 days (range 3-39) for
autologous reconstructions, and 6 days (range 2-16)
for implant-based  reconstructions. The total

Table 1. Characteristics of Patients Who Underwent
Post-Mastectomy Breast Reconstruction (n = 579)

Characteristics (%)

Period of study,

N = Mastectomies 2001-2006 2007-2012
performed (N=2,331) (N =2,302) Total
Rate of BR (%) 203 (9%) 376 (16%) 579 (12%)
Ethnicity
Chinese 178 (88%) 311 (83%) 489 (84.5%)
Malay 13 (6%) 22 (6%) 35 (6%)
Indian 5 (2%) 9 (2%) 14 (2.5%)
Others 7 (4%) 34 (9%) 41 (7%)
Nationality
Singaporean 190 (94%) 329 (88%) 519 (90%)
Others 13 (6%) 47 (12%) 60 (10%)
Median age (range) 47 (22-69) 46 (25-70) 46 (22-70)

Menopausal status

Premenopausal 143 (70%) 258 (69%) 401 (69%)
Postmenopausal 60 (30%) 118 (831%) 178 (31%)
Marital status
Single 30 (15%) 62 (16%) 92 (16%)
Married 148 (73%) 279 (74%) 427 (74%)
Divorced/Widowed 7 (3%) 6 (2%) 13 (2%)
Unrecorded 18 (9%) 29 (8%) 47 (8%)
Personal history 22 (11%) 42 (11%) 64 (11%)
of breast/ovarian cancer
Family history of 19 (9%) 63 (17%) 82 (14%)

breast/ovarian cancer

complication rate was 20%. Ninety (15%) of the 620
reconstructions had early complications, whereas 39
(6%) developed late complications (Table 4). Donor
site morbidity significantly decreased in the later years
from 4% to 1% (p = 0.01). The rate of surgical com-
plications was not affected by timing of breast recon-
struction, with 104 (18%) occurring in patients who
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Table 2. Clincopathological Characteristics of the
Breast Tumors in Our Study Population

2001-2006 2007-2012 Total
Characteristics (%) (n=211) (n = 409) (n = 620) p
Median size, mm 20 (1-80) 20 (1-130) 20 (1-130)
(range)
Histologic subtype
Carcinoma in situ 54 (25.5%) 90 (22%) 144 (23%) <0.01

Invasive ductal 146 (69%) 277 (68%) 423 (68%)

carcinoma
Invasive lobular 10 (5%) 19 (5%) 29 (5%)
carcinoma
Prophylactic 1 (0.5%) 23 (5%) 24 (4%)
Nodal status n=210 n= 386 n =596
Positive 63 (30%) 115 (30%) 178 (30%)
Negative 147 (70%) 271 (70%) 418 (70%)
Stage of tumor n=210 n= 386 n =596
0 54 (26%) 90 (23%) 144 (24%)
| 57 (27%) 118 (31%) 175 (30%)
Il 65 (31%) 109 (28%) 174 (29%)
1] 33 (15.5%) 64 (17%) 97 (16%)
I\ 1 (0.5%) 5 (1%) 6 (1%)
Neo-adjuvant 10 (5%) 28 (7%) 38 (6%) 0.29
chemotherapy
Adjuvant therapy
Chemotherapy 103 (49%) 202 (52%) 305 (51%) 0.93
Radiotherapy 66 (31%) 126 (33%) 192 (32%) 0.92
Hormonal therapy 98 (47%) 228 (59%) 326 (55%) 0.03
Targeted therapy 1 (0.5%) 51 (13%) 52 (9%) <0.01
Table 3. Oncologic Breast and Reconstructive
Surgery
2001-2006  2007-2012 Total
Type of surgery (%) (n=211) (n = 409) (n=620) p
Timing of reconstruction
Delayed 17 (8%) 23 (6%) 40 (6%) 0.3
Immediate 194 (92%) 386 (94%) 580 (94%)
Type of mastectomy
Skin-sparing 187 (87%) 311 (76%) 498 (80%) 0.07
mastectomy
Nipple-sparing 2 (1%) 73 (18%) 75 (12%)  <0.01
mastectomy
Type of reconstruction
Autologous 203 (96%) 337 (82%) 540 (87%)  <0.01
Abdomen-based* 143 272
Latissimus dorsi’ 60 65
Implant 8 (4%) 72 (18%) 80 (13%)
Nipple areola 51 (24%) 78 (19%) 129 (21%) 0.14

reconstruction (NAC)

*Inclusive of TRAM, DIEP flaps etc.
fInclusive of LD with or w/o implant reconstruction.

had IBR and six (15%) developing in delayed post-
mastectomy reconstructions (p = 0.83).

Neo-adjuvant chemotherapy was administered to
38 (6%) patients. There was no association between
having neo-adjuvant chemotherapy and developing

surgical complications (p = 0.84). Adjuvant

chemotherapy was administered to 305 (53%)
patients and the median time to chemotherapy was
41 days (range 22-219 days). Twenty-six (4%)
patients had delay in chemotherapy administration, of
which 19 were because of surgical-site complications.
Three hundred and twenty (56%) patients received
hormonal therapy. Targeted therapy (Herceptin) was
introduced in our institution in 2006 and 52 (9%)
patients received it. Adjuvant radiotherapy was
administered to 192 (33%) of our patients.

The overall median follow-up was 63 months
(range 3-166). It was 63 months (range 3-166) for
the IBR group and 67 months (range 3-150) for the
delayed reconstruction group. Loco-regional recur-
rence in IBR and delayed reconstruction occurred in
23 (4%) and 2 (5%) patients, respectively (p = 0.67).
Among patients who had IBR, 22 (4%) of 498 who
had SSM and 1 (1%) of 75 who had NSM developed
loco-regional recurrence. Distant metastases devel-
oped in 48 (8%) [45 (8%) IBR, 3 (8%) delayed
reconstruction| patients, with no difference between
the time of reconstruction (p = 1). At the end of the
study, 43 (7%) [40 (7%) IBR, 3 (8%) delayed recon-
struction| patients had breast cancer-related deaths.
The 2-year and S5-year survival rate is 98% and
94%, respectively.

DISCUSSION

The detection of earlier stage breast cancer with
screening programs and advances in adjuvant thera-
pies have effected good long-term survival for patients
with breast cancer. Consequently, psychosocial and
cosmetic outcomes have an increasingly important role
in breast cancer management. Current clinical guideli-
nes recommend that breast reconstruction be offered
to all suitable women choosing or requiring a mastec-
tomy (14,15).

We have reported the trends in post-mastectomy
reconstruction over the past decade in Singapore—the
country with the highest rate of breast cancers in Asia
that has a predominantly ethnic Asian population
with Western mores. In this review, several major
trends were identified. Firstly, we observed a signifi-
cant increase in post-mastectomy breast reconstruction
over the years. The rate was 4% in 2001 and this
increased to 18% in 2012. When the results are con-
sidered in two time periods—2001 to 2006 versus
2007 to 2012, the rate was 7% versus 17% and this
statistically ~significant. That

increase was more
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Table 4. Surgical and Oncological Outcomes

2001-2006 2007-2012 Total

Number (%) (n=211) (n = 409) (n = 620) p

Number of reconstructions
with complications
Early 90 (15%)
Number of surgical complications*
Minor (treated 7 (3%)
conservatively)
Skin envelop infection 4 12
Donor site infection 2 2
Seroma/Hematoma 1 6
Major (requiring 15 (7%) 43 (11%)
surgical intervention)

40 (19%) 70 (17%) 110 (18%) 0.58

20 (5%) 27 4%)  0.41

58 (9%)  0.11

Skin envelop necrosis 0 4 4
Flap necrosis, 8 19 27
partial loss
Flap necrosis, total loss 1 6 7
Infection leading 1 3 4
to implant removal
Seroma/Hematoma 3 4 7
evacuation
Abdominal wound 2 7 9
dehiscence
Number of nonsurgical 2 (0.9%) 3 (0.7%) 5(0.8%) 1
complications
Deep vein thrombosis 1 1 2
Pulmonary embolism 1 1 2
Intestinal obstruction 0 1 1
Late (surgical management) 39 (6%)
Reconstructed breast 13 (6%) 13 (3%) 26 (4%) 0.09
Fat necrosis, infection 8 6 14
Fat necrosis mimic 5 6 11
recurrent cancer
Implant contracture 0 1 1
necessitating removal
Donor site 9 (4%) 4 (1%) 13 (2%) 0.01
Hernia 8 4 12
Abdominal wall abscess 1 0 1

*Surgical complications related to the reconstructed breast or donor site.

patients are choosing post-mastectomy reconstruction
in recent years may reflect improved specialized breast
care. Within this institution, the practice of breast
cancer care has evolved over the past decade. In addi-
tion to formal multi-disciplinary breast cancer care,
all patients are now seen by subspecialty breast sur-
geons who occupy a common clinic facility with
breast reconstructive surgeons. These factors, and the
availability of robust data on the oncological safety
of SSM and NSM in recent years, likely con-
tributed to an increase in patients being referred for
post-mastectomy reconstructions (3,16-18). This par-
allels the observation that patients treated at special-
ized cancer centers, like those recognized by the
National Cancer Institute in the USA, are reported to
be 40% more likely to undergo reconstruction after
mastectomy than patients treated at other institutions
(19,20).

Secondly, in our population, IBR is preferred, with
consistently more than 90% of patients undergoing
IBR over the past decade. This differs from the major-
ity reported series of post-mastectomy reconstruction
where IBR makes up 1.7-83% of all post-mastectomy
reconstructions (21-23). Common reasons cited for
delayed reconstructions include the potential need for
radiation therapy with consequent compromise of the
flap, concern that major reconstructive surgery would
delay administration of adjuvant therapy and in older
series, the desire for a disease-free interval prior to
major constructive surgery (24,25). It is likely the pri-
mary reason for our high proportion of IBR relates to
physician selection for referral for reconstruction.
Concerns with radiation therapy and delay of
chemotherapy may have biased the referral pattern,
and we see patients with early stage disease (stage 0—
II) making up more than 80% of those who receive
post-mastectomy reconstruction. These patients are
therefore imminently suited to maximally benefit from
IBR, including the psychological benefit of retaining a
breast mound post-mastectomy, improved cosmesis
from preservation of the native skin envelop with or
without the nipple, and a single surgery (Fig. 3). In
our series, the rate of early major surgical complica-
tions was low at 9%. Only 19 (3%) patients experi-
enced a delay in the administration of adjuvant
chemotherapy because of surgical-site complications,
and the rate of LRR was low at 4% with no increased
risk in those with NSM. There was also no significant
difference in oncological outcomes between the IBR
and delayed breast reconstruction group. These out-
comes are comparable to those from other units
(3,16-18). This audit reaffirms our practice that IBR
is safe with regards to short-term surgical outcomes,
with minimal resultant delays in adjuvant therapy,
and good long-term oncological safety. Perhaps with
the reported decrease in surgical complications in
recent years and the demonstrated objective minimal
numbers with delay to adjuvant chemotherapy, post-
mastectomy reconstruction will be extended to
patients with more advanced disease.

Another trend noted was the increase in use of
implant-based reconstruction. This gradual increase
trended toward, but did not reach statistical signifi-
cance. One possible reason is due to the rise of con-
tralateral risk-reducing mastectomy where patients
may desire shorter surgery and better symmetry in
instances of bilateral post-mastectomy reconstructions
(26-28). Implant-based reconstructions would meet



6 ® NG ET AL.

Figure 3. (a) Post-reconstruction photograph of a patient who
received a right nipple-sparing mastectomy (NSM) with immediate
transverse rectus abdominis myocutaneous (TRAM) flap recon-
struction. (b) Post-reconstruction photograph of a patient who
received a right skin-sparing mastectomy (SSM) with immediate
TRAM flap reconstruction and delayed nipple-areolar construction
(NAC).

these criteria. This trend of increase in implant-based
reconstruction is also noted worldwide, primarily due
to the availability of acellular dermal matrixes and
various inferior pole support materials that allow for
direct-to-implant reconstructions (23,29). As such
surgeries become increasingly available in Singapore,
the use of implant-based reconstructions may rise fur-
ther. At present, reconstruction of the neo-breast with
autologous tissue is the preferred choice. Eighty-seven
percent of our reconstructions utilize autologous tissue
transfers, with 77% being either a TRAM or DIEP
flap and remaining 23% LD reconstruction (with or
without an implant for volume). This predominant
use of abdominal tissue may seem a surprise, given
the relatively low body mass index (BMI) in Asian
women compared to Caucasians. However, the corre-
sponding smaller breast volume often means there is
sufficient tissue for a matching reconstruction to the
contralateral breast. Surgical techniques such as

venous augmentation and free tissue transfer have also
enabled us to harvest a larger flap. With the evolution
of the reconstruction techniques and the introduction
of muscle-sparing techniques, the incidence of abdomi-
nal hernia has been reduced significantly from 3% to
1% over the last 5 years in our centre. Similarly, Kim
et al. have demonstrated that IBR with the TRAM
flap is a viable option for patients with a low BMI
(<18.5 kg/m?) in a study of 564 patients with accept-
able complications rates in an Asian centre (30, 31).

The median age of women who underwent post-
mastectomy reconstruction was 46 years old, which
was younger than the median age of 55-59 years old
at diagnosis of breast cancer in Singapore (32). This
younger age is consistent with reported series, with
some suggesting that age is perhaps the most signifi-
cant variable associated with post-mastectomy recon-
struction (7,19,33-36). Younger patients may be more
concerned with their body image and sexuality and
hence opt for post-mastectomy reconstruction, and
they usually have fewer concurrent medical problems,
rendering them better surgical candidates. Lim et al.
identified age and anticipated psychosocial morbidity
as the most important patient factors in determining
whether a referral to the plastic surgeon was made
(37). Hequet et al. surveyed 81 women who declined
reconstruction in their study population and 23%
cited older age as the main deciding factor (38). Be
that as it may, age per se is not a contraindication to
surgery. Our oldest patient was
70 years old. She was clinically fit and had a success-
ful breast implant reconstruction. It is acknowledged
that the optimal management of a breast cancer
patient should not be determined solely upon age
(39,40). This is an important consideration as our
population starts to age.

This study was designed to explore the surgical and
oncological of post-mastectomy breast
reconstruction and identify trends over a decade of
rapid advancement of breast cancer treatment. Being
retrospective in nature, we were unable to determine
the influence of factors such as personal choice,
socioeconomic status, and physician bias—common
factors that have been reported to determine the
uptake of post-mastectomy reconstruction in other
studies (6,7,9,19,36). These are important considera-
tions. Several Asian studies have demonstrated that
fear of additional surgery and complications, and a
higher concern about survival over physical appear-
ance have influenced the decision to not proceed with

reconstructive

outcomes
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reconstruction (10,11,41). The attitudes of Asian sur-
geons may also influence the decision to proceed with
reconstruction. A nation-wide survey in Japan con-
ducted by Takahashi et al. showed that 31.3% of sur-
geons did not give reconstruction-related information
at all when explaining breast cancer management
(42). Economic factors also likely contribute. In Singa-
pore, post-mastectomy reconstruction is considered a
medical procedure (not cosmetic) and surgical costs
may be reimbursed by government subsidies and
insurance claims. However, medical care in Singapore
entails a copayment by the patient, and the costs of
surgery conceivably contributes to the patients’ deci-
sion making. For this study, details of patient admis-
sions based on stratification of bed status (largely
regarded as a reflection of availability of insurance
coverage and magnitude of government subsidies)
were not accessible, nor were details of patients’ occu-
pation available. These limitations preclude a deeper
understanding of how patient and physician attitudes
and economic issues influence the decision for post-
mastectomy reconstruction. Future studies designed to
explore patient reported outcome measures and atti-
tudes toward breast reconstruction will go some way
to more completely understand the Asian psyche
toward breast reconstruction.

CONCLUSION

The rate of post-mastectomy reconstruction had
increased steadily in our population, over the past
decade. In our cohort, the patient who has post-
mastectomy reconstruction is more likely to be young,
premenopausal, married and have earlier stage disease.
IBR is preferred, and the safety of this is supported by
minimal delays to adjuvant therapy and good onco-
logical outcomes. These results form an objective basis
for extending the option of post-mastectomy breast
reconstruction to future patients.
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