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Abstract
Introduction: Modern techniques of immediate breast reconstruction after mastectomies for breast cancer gives excellent cosmetic results and improve quality of life.
However, it is perceived that immediate breast reconstruction may prolong recovery and can result in complications delaying adjuvant therapy. We aim to determine
if there is such delay in the United Kingdom beyond the 31 days recommended by the National Institute for Health and Care Excellence.
Materials and methods: All patients who underwent mastectomy for breast cancer from January 2009 to August 2014 and received adjuvant treatment were
categorised into three groups – mastectomy, implant / expander and flap. The primary end point was the time interval from the definitive surgical procedure to the
start of adjuvant therapy.
Results: Of the 192 patients (64 per group) analysed, mastectomy patients were significantly older, smokers and with higher nodal status (p < 0.05). The groups were
comparable with respect to other clinicopathological factors (p > 0.05).
Six patients from implant group, one patient from flap group and none from mastectomy group started their adjuvant therapy within 31 days. The mean interval
from surgery to start of adjuvant therapy was 63.2 days (33–202) in mastectomy group, 52.82 days (26–136) in implant group and 50.61 days (29–89 days) after flap
procedures (p = 0.004).
Conclusion: Our study shows a delay in initiating adjuvant therapy in keeping with published literature. The reasons could be multifactorial including delay in service
provision. This delay is statistically significant in the mastectomy-alone patients, perhaps because they were older, and smokers compared to the other groups. We
believe treatment pathways and multidisciplinary clinics will circumvent these concerns.

Introduction
Breast cancer is one of the most common cancers in women
worldwide, with 55,122 new cases of invasive breast cancer being
diagnosed in the United Kingdom in 2015 [1]. The overall outcome in
early stage breast cancer has improved considerably over the last two
decades with a current overall 5-year survival of 87% in the United
Kingdom. The reason for this improved outcome is multifactorial with
advances in surgical techniques, adjuvant therapies, breast screening
and public awareness as major contributing factors. With increase in life
expectancy, the quality of life gains more importance. One vital aspect
in improving the quality of life after mastectomy for breast cancer is
reconstructing the breast.
Immediate breast reconstruction (IBR) after mastectomy for breast
cancer has been shown to have a positive influence over the delayed
reconstruction on body image and sexuality, improving psychosocial
well-being, reducing anxiety levels, resulting in excellent patient
satisfaction and improving self-esteem and quality of life [2-6]. It may
also avoid further admissions for planned surgical procedures [7].
A number of studies have shown that reconstruction is oncologically
safe after mastectomy even in advanced disease [8-10]. Current UK
oncoplastic breast reconstruction guidelines [11] recommend that
oncoplastic breast surgery is discussed in 100% of patients requiring
a mastectomy. Skin sparing mastectomy (SSM) has been shown to be
oncologically safe with low local recurrence rates [12] and combined
with immediate breast reconstruction provides superior aesthetic
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outcome with less disruption to the patient’s lifestyle [13]. The United
Kingdom national mastectomy and breast reconstruction audit 2011
[14] has shown that 3389 (21%) patients underwent immediate breast
reconstruction out of the 16485 patients who had mastectomies during
their study period of 15 months.
Modern techniques of IBR like Deep Inferior Epigastric Perforator
(DIEP) flaps and Acellular Dermal Matrix (ADM) based implant
reconstruction give excellent cosmetic results. There is a perception that
these complex procedures may have prolonged recovery and can result
in significant complications, which may unduly delay the initiation
of adjuvant therapy or lead to its omission altogether. This is because
adjuvant therapy after breast cancer surgery has shown to produce a
significant survival advantage and reduction in local recurrence in
selected patients [15,16].
In a meta-analysis, 6 months of anthracycline-based polychemotherapy reduced the annual breast cancer death rate by about
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38% for women younger than 50 years of age and by about 20% for
those of age 50–69 years irrespective of the use of tamoxifen and
of oestrogen receptor (ER) status, nodal status, or other tumour
characteristics [15]. In another large meta-analysis done by the Early
Breast Cancer Trialists’ Collaborative Group [16], for 1314 women
with axillary dissection and one to three positive nodes, radiotherapy
reduced locoregional recurrence (p < 0.00001), overall recurrence (RR
0.68, 95% CI 0.57–0·82, p = 0.00006), and breast cancer mortality (RR
0.80, 95% CI 0.67–0.95, p = 0.01).

a difference in the mean interval from surgery to the start of adjuvant
therapy between three different groups.

The optimum duration to start of adjuvant therapy after breast
cancer surgery is not clearly defined. The National Institute for Health
and Care Excellence, UK (NICE) has recommended that adjuvant
therapy should be started by 31 days of completion of definitive
surgery [17]. American Society of Clinical Oncology (ASCO)/
National Comprehensive Cancer Network (NCCN) quality measures
recommends adjuvant chemotherapy within 120 days of diagnosis
for women aged less than 70 years with stage II or stage III hormone
receptor-negative breast cancer [18]. The 120-day threshold was
selected as a “reasonable estimate of the time required to deliver the
preceding components of therapy that would not jeopardize outcome”
[18].

From the results of Hamahata et al. [20] a standard deviation of 13
days for the delay to adjuvant chemotherapy between the two groups
(IBR and non-IBR) is assumed. Thus, to compare two group means a
minimum important difference of half a standard deviation is 6.5 days,
and the minimum sample size required for a two-sample, two-sided
t-test at the 5% significance level to give a power of 80% is 64 patients
in each group.

Available evidence looking at the delay between IBR and adjuvant
therapy has given mixed results and used data before the widespread use
of the above modern methods of reconstruction. Most studies evaluated
patients on an intention to treat basis (who received chemotherapy)
rather than those for whom chemotherapy was indicated. This
can miss patients who did not receive adjuvant therapy because of
complications of breast reconstruction. Further, most studies only
compared mastectomy with IBR without dividing the IBR group into
implant based and free flap groups which are associated with different
complications and recovery times.
Overall there is no clear consensus on the optimum time to give
adjuvant chemotherapy or radiotherapy after surgery and mixed
evidence on the effect of early initiation of adjuvant therapy after breast
cancer surgery.
The aim of the study is to determine if modern methods of postmastectomy immediate breast reconstruction delay the start of adjuvant
chemotherapy or radiotherapy in the United Kingdom based on NICE
recommendations and if there is a difference between mastectomy,
implant procedures and flap-based procedures in the time to start
adjuvant therapy.

Materials and methods
A retrospective audit was conducted in four hospitals of the Essex
cancer network for the period from January 2009 to August 2014. All
patients who underwent mastectomy for breast cancer and received
adjuvant chemotherapy or radiotherapy were grouped into mastectomy
without reconstruction (M group); mastectomy with implant-based
reconstruction including ADM (I group) and mastectomy with flapbased reconstruction with pedicle and/or free flaps (F group). Patients
who received neoadjuvant chemotherapy and those whose adjuvant
therapy was delayed for social reasons or patient preference were
excluded.
The primary end point for the study was the time interval from
the final definitive surgical procedure for breast cancer to the first day
of adjuvant therapy. From this we plan to assess for any difference
between the three groups in patients who started adjuvant therapy
before 31 days and after 31 days of breast surgery. We also assessed for
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Surgical site complications recorded included infection, seroma,
haematoma, skin flap necrosis and implant specific complications.
Return to surgery and systemic complications were separately recorded.
Complications were classified as minor if they were grade 1, 2 or 3a on
the Clavien-Dindo system [19] and as major if the complications were
grade 3b to 5.

Consecutive female patients, undergoing a total mastectomy and
recommended to have adjuvant chemotherapy or radiotherapy were
identified from the multidisciplinary database for a period from March
2014 to August 2014 during which the 64 patients required in the M
group were identified. In order to obtain the sample size of 64 patients
in I and F group, the database was sequentially reviewed over the
previous years.
For data description, categorical variables are presented as counts
and analysed using Fisher’s Exact test, and continuous variables are
shown as mean, median, standard deviation, inter-quartile range,
and range. For the statistical inference, the means of the interval from
surgery to adjuvant chemotherapy for the three groups are compared
using analysis of variance using a permutation F-test. Analyses have
been performed using the computer program R [21]. Model fitted
means have been obtained using function effect from R package effects
[22,23]. The permutation test for one-way analysis of variance has been
done using function aovp from R package lmPerm [24]. Bootstrap
estimates and confidence limits have been obtained using functions
boot and boot.ci from R package boot [25,26]. The main purpose of the
statistical analysis is to estimate the “group effects”, that is the difference
between the procedure means.

Results
One hundred and ninety-two (192) patients were included in the
study (64 in each of the three groups). There are statistically significant
differences between the three groups with respect to age, smoking and
previous breast surgery (p < 0.05 for these variables). The groups were
comparable with respect to BMI, ASA grade, previous radiotherapy and
contralateral surgery as shown in Table 1.
There are statistically significant differences between the three
groups with respect to nodal status (p = 0.0007). The groups were
comparable with respect to type of breast cancer, tumour size, grade,
ER, Her 2 status and LVI as shown in Table 2.
Six patients in the I group and one patient in the F group but no
patient in the M group started adjuvant therapy within 31 days. Since
only 7 patients out of 192 started their adjuvant therapy within 31 days,
no clinically significant conclusions can be drawn from its analysis. The
mean interval to the start of adjuvant therapy after surgery was 63.2
(33–202) days for the M group, 52.82 (26–136) days for the I group
and 50.61 (29–89) days for the F group (Figure 1). Starting of adjuvant
radiotherapy (when given without chemotherapy) was longer after
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Table 1. Patient characteristics
Characteristics

Factors

M (n = 64)

I (n = 64)

F (n = 64)

Fischer Exact Test using
10000 simulations

Age

Mean (Range)

59.34
(33-86)

50.2
(27-74)

50.61 (32-83)

ANOVA - significant

BMI

Mean (Range)

27.1
(17-33.8)

25.9
(18-37)

26.1
(19-34)

Permutation test p 0.476

Yes

16

4

2

No

45

52

49

Unrecorded

3

8

13

Smoking

Yes

4

4

15

No

60

59

43

Unrecorded

0

1

6

Previous Surgery

Yes

3

3

4

No

61

60

54

Unrecorded

0

1

6

1

28

31

25

2

31

27

32

3

5

1

1

Previous Radiotherapy

ASA Grade

Unrecorded

0

5

6

Yes

13

12

8

No

51

52

56

Contralateral Surgery

p 0.0004

p 0.0002

p 0.070

p 0.059

p 0.485

Table 2. Tumour Characteristics
Characteristics
Types

Tumour stage

Nodal stage

Grade

ER status

Her 2 status

LVI

Factors

M (n = 64)

I (n = 64)

F (n = 64)

Ductal

45

53

56

Lobular

14

6

7

Others

5

5

1

T0

0

0

2

T1

9

10

11

T2

40

45

36

T3

9

10

11
14

T4

0

1

Unrecorded

6

3

0

N0

11

29

22
35

N1

32

28

N2

12

2

6

N3

1

0

0

Unrecorded

8

5

1

1

2

3

1

2

30

17

27

3

26

42

34

Unrecorded

6

2

2

Positive

48

51

54

Negative

13

12

9

Unrecorded

3

1

1

Positive

20

19

13

Negative

41

42

49

Unrecorded

3

3

2

Yes

33

27

17

No

24

26

32

Unrecorded

7

11

15

Fischer Exact Test using 10000 simulations
p 0.080

p 0.054

p 0.0007

p 0.054

p 0.671

p 0.598

p 0.053

surgery in all three groups compared to the duration to the starting
of adjuvant chemotherapy. P-value for association between time to
adjuvant therapy category and procedure is 0.019 indicating that the
variation among the means for the three procedures are statistically
significant.

Complications and its impact on delivery of adjuvant therapy

Figure 2 shows the differences between the procedure means. The
nominal 95% confidence interval has been adjusted by the Dunn-Sidak
method [27] to allow for the multiplicity of comparisons which requires
a 98.3% confidence level.

Patients in the I group had the highest complication rate of 28.1%
compared to those in the F group (18.8%) and M group (12.5%) which
were statistically significant (p = 0.005). The association between
complications and the different groups are depicted in Table 3. Infective
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The confidence limits for (M – F) and (M – I) do not enclose zero
and so these differences between the means would usually be regarded
as statistically significant.
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outlook is more pronounced in IBR compared with delayed
reconstruction [28]. While IBR has been suggested to be oncologically
safe, there remains a concern that its complication rates may be higher
than mastectomy without reconstruction [29-31] and this may unduly
delay the initiation of systemic chemotherapy or lead to its omission
altogether [7,32,33]. This study looked at the effects of modern methods
of breast reconstruction like DIEP flap and ADM based implant
reconstruction on delivery of adjuvant chemotherapy and radiotherapy.

Figure 1. Interval from surgery to start of adjuvant therapy in the M, I and F groups

In this study, the patients in the M group were found to reflect the
patient characteristics in the series by Zhong et al. [34] in which patients
having mastectomy alone were older (median age 51 vs. 45 years, p <
0.0001) and more likely to be smokers (14% vs. 5%, p = 0.007). This
may represent a selection bias where younger fitter patients request and
accept immediate reconstruction more readily.
The patients undergoing IBR were significantly more node negative
and there were also more T3 and higher-grade tumours in the flap
group but were not statistically significant. In the review by Chang RJ et
al. [35], there were more women with stage I and II tumours in the IBR
group compared to the group who received mastectomy alone (72.0%
versus 57.5%, p = 0.034) and also had fewer positive nodes and more
grade I and II tumours (42.4% versus 63.6%, p = 0.006).

Figure 2. Differences between mean of days to adjuvant therapy for procedure and
bootstrap 98.3% confidence limits
Table 3. Complications by procedure
F

I

Count

%

Count

M
%

Count

Total
%

Count

%
12.5

Major

11

17.2

11

17.2

2

3.1

24

Minor

1

1.6

7

10.9

6

9.4

14

7.3

None

52

81.2

46

71.9

56

87.5

154

80.2

Overall

64

100.0

64

100.0

64

100.0

192

100.0

Fisher’s Exact test P-value for association between Complications and Procedure is 0.005
using 10000 simulations.

Only 7 patients out of 192 (6 in the implant group and one patient
in the flap group) met the NICE target of 31 days to the start of
adjuvant therapy after final surgery. This is mainly a reflection of the
service delays. Most published series show a time to start of adjuvant
therapy of more than 31 days. In the 2012 NHS Breast Screening
Program (NHSBSP)/Association of Breast Surgery (ABS) national
audit of adjuvant therapy for screen-detected breast cancers diagnosed
in 2009/10, in the whole of UK, the median time from final surgery to
radiotherapy was 60 days (inter-quartile range 48-74 days) [36]. Fewer
than 50% of women received radiotherapy within eight weeks of their
final surgery [37].
In our results, patients who had mastectomy without reconstruction
had a greater delay to start adjuvant therapy compared to reconstructed
patients. This is also highlighted in the series by Allweis [38] with 52.7
(range 1 to 215) days for mastectomy alone versus 40.6 (range 14 to 131)
for patients with reconstruction. This observation may be explained
by the finding that mastectomy patients were older, more likely to be
smokers and less fit prolonging the recovery from surgery.

Discussion

In this study, we found an overall complication rate of 12.5% for
mastectomy patients, 28.1% for implant patients and 18.8% for flap
patients. This reflects the trend shown in other series like Mortenson
et al. [39] where complications in patients who underwent immediate
breast reconstruction compared with those who did not was 17/76
[22.3%] vs 6/72 [8.3%]; p = 0.02. In the review by Zhong et al. [34]
patients undergoing mastectomy alone had a 3.7% major complication
compared to 15.5% in the IBR group (p < 0.0001). In the series by
Shikhman et al. [40], there was a 15.3% complication rate in 98 non-IBR
patients compared to a 24.2% complication in 66 IBR patients. Those
with complications had a statistically significant delay to initiation of
chemotherapy (42.5 days vs 60.6 days, p = 0.013). According to our
results, the higher complication rate in our reconstruction group did
not lead to an overall delay in starting adjuvant therapy. This may be
because many of the complications after reconstruction like bleeding
and skin or flap necrosis are dealt with by early further definitive
surgical procedures without delaying recovery significantly.

It is well established that breast reconstruction after mastectomy
improves the quality of life and in fact the improved psychological

Apart from the patient, tumour and surgical factors discussed above,
service delivery capacity will also affect the time to delivery of adjuvant

complications were the commonest reason which resulted in a delay
to the start of adjuvant therapy. The probability p = 0.036 as shown in
Table 3 indicates that the variation among the means for complications
is statistically significant.

Service delays
Patients from the M, I and the F groups were discussed in the
multidisciplinary team briefing and decisions made to commence
adjuvant therapy in 16.69, 18.13 and 12.7 days respectively and attended
an oncology appointment after additional 16.13, 9.08 and 10.1 days but
received adjuvant treatment after another 29.18, 25.61 and 27.81 days.
This shows the initiation of treatment was significantly delayed in all
groups from the time of decision-making irrespective of complications
or oncology appointment.
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therapy. These include the time required for pathologic assessment
of the tumour, referral wait time to see an oncologist and capacity to
deliver chemotherapy or radiotherapy. This study was conducted in a
single region of the United Kingdom which is likely to provide similar
capacity to deliver adjuvant therapy thereby limiting this effect on our
results. Alderman AK [41] found that in addition to age, other clinical
and socio-demographic characteristics place patients at increased risk
for delayed chemotherapy. Taylor et al. [42] found that the reasons for
late chemotherapy initiation in the non-reconstructed group included
the need for pathology review and social reasons like patient holidays.
Treatment pathway management can minimise the total time from
final surgery to the start of adjuvant therapy [37]. Multi-disciplinary
teams should plan adjuvant therapy well ahead to try to ensure that
women have their treatment at the earliest appropriate time [37]. Seeing
patients in a multidisciplinary breast clinic with surgeons, oncologists
and breast care nurses as soon as possible can reduce some of the service
delays. There are considerable regional differences in service provision
for radiotherapy in the UK. From the 2009/10 breast screening data, the
median number of days varied from 53 days in North West, to 69 days
in South East Coast [36]. Our study was conducted as a multicentre
audit which increases its applicability to other NHS trusts in the UK.

Limitations
Our data has been collected as a retrospective study and has
limitations compared to a prospective trial. There might be unaccounted
factors that could be associated with patient characteristics, treatment
choice and timing of delivery of adjuvant therapy resulting in bias. All
free flap reconstructions were performed at one centre which has one
of the highest volumes of free flap breast reconstruction in Europe and
the results may not translate to small volume centers.

Conclusion
In conclusion, this study shows that the majority of patients
undergoing mastectomy regardless of IBR will have a delay to the start of
adjuvant therapy beyond 31 days. Patients who underwent mastectomy
alone had a statistically significant delay to the start of adjuvant therapy
compared to the implant and free flap groups, but this group of patients
were older and more likely to be smokers. The clinical significance of
this delay is not clear. The incidence of postoperative complications was
significantly higher after IBR than mastectomy alone. Patients who had
post-operative complications had a delayed start of adjuvant therapy
compared to patients who made an uncomplicated recovery.
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