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Breast conserving surgery (BCS) and radiotherapy (RT) is
now the standard of care for the treatment of early-stage
invasive breast cancer. With BCS, the issue of ipsilateral
breast tumour recurrence (IBTR) is an important one. The
risk of IBTR is dependent on patient-, treatment- and
tumour-related variables. Patient-related factors that pre-
dispose to IBTR include young age, although the cut-off age
remains controversial,1–4 and pre-menopausal status.2

Treatment-related factors (such as a positive resection mar-
gin) predispose to a higher risk of IBTR,4–6 whilst the use of
chemotherapy and hormonal therapy may lower the risk of
IBTR.5,7 In terms of surgical therapy, there is still a debate
among breast surgeons about what constitutes an adequate
surgical margin. Furthermore, there are variations in the

radiation regimens used by different breast units and the
optimal dose of adjuvant RT remains uncertain. The
tumour-related risk factors associated with IBTR include
increasing tumour size,1,8,9 high histological grade,1 positive
lymph node status,7,8 multicentric disease,10 vascular inva-
sion11 and adverse biological factors such as tumoural p53
mutations.10

In the Cambridge Breast Unit (CBU), BCS with a target
radial margin of 5-mm for invasive breast cancer, in combi-
nation with hypofractionated 40-Gy whole breast RT regi-
men, has been used since 1999. The aim of the current audit
was to assess the effectiveness of our treatment regimen in
terms of local recurrence rate and other outcome measures
in 563 patients who underwent BCS and RT for invasive
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ABSTRACT

INTRODUCTION The risk of ipsilateral breast tumour recurrence (IBTR) following breast conservation surgery (BCS) for invasive
breast cancer (IBC) and radiotherapy is dependent on patient-, tumour- and treatment-related variables. In the Cambridge
Breast Unit, breast conserving surgery has been performed with a target radial margin of 5 mm for IBC, in combination with
40-Gy hypofractionated (15 fractions) breast radiotherapy, since 1999.
PATIENTS AND METHODS An audit was performed of cases treated between 1999 and 2004. A total of 563 patients underwent
BCS for invasive breast cancer with 90.4% receiving radiotherapy (RT) and 60.4% of patients receiving boost RT (3 fractions
of 3-Gy).
RESULTS After a median follow-up of 58 months, five of the 563 (0.9%) patients developed IBTR. The 5-year actuarial IBTR
rate was 1.1%. In terms of distant disease recurrence (DDR), 29 of the 563 (5.2%) had DDR during follow-up, giving a 5-year
actuarial DDR rate of 5.4%. The 5-year breast cancer specific survival was 95%, with the poorer NPI groups having worse
breast cancer specific survival (Log-rank, P < 0.0001). More importantly, patients with IBTR had a shorter breast cancer-spe-
cific survival than those who were IBTR-free (Log-rank, P < 0.0001).
CONCLUSIONS Our treatment regimen, combining BCS with a 5-mm target margin and hypofractionated 40-Gy RT, results in
an extremely low rate of IBTR, and compares favourably with the target IBTR rate of < 5% defined by the Association of
Breast Surgeons (ABS) at BASO guidelines.
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breast cancer. More specifically, we aimed to assess our
compliance in terms of local recurrence rate with gold stan-
dard being the target rate of 5% as proposed by the British
Association of Surgical Oncology (BASO).12

Patients and Methods

Between January 1999 and December 2004, 563 women
with unilateral invasive breast carcinoma (T1–3, N0–1, M0
based on the International Union Against Cancer (UICC)
classification) were treated with BCS and RT in the
Cambridge Breast Unit, Addenbrooke’s Hospital. Patients
who required mastectomy following initial BCS were not
included in this audit. Medical records were reviewed to
extract information on clinicopathological variables,
including local therapy (surgery, surgical margin, re-exci-
sion and radiotherapy regimen), systemic therapy
(chemotherapy and hormonal therapy), disease recurrence
(local and distant disease recurrences), survival and cause
of death for each patient.

Surgical therapy
Prior to surgery, all patients were assessed by a multidiscipli-
nary team (MDT) comprising of two consultant breast sur-
geons, two clinical oncologists, two medical oncologists and
dedicated breast pathologists. In general, patients with exten-
sive disease, multifocal disease or patients in whom RT was
contra-indicated were considered ineligible for BCS.
Surgery was performed by two consultant breast sur-

geons. The surgery consisted of wide local excision with a
5-mm target radial margin, which could be wire-guided,
ultrasound-marked or without any localisation if clinically
palpable. During the early years of the audit period, cavity
shavings were taken at the time of primary operation to
ensure adequate clearance. This technique had been previ-
ously described.13 If the final surgical radial margin was less
than 5 mm, re-excision was performed at the discretion of
the MDT. Reasons for accepting a margin of less 5 mm
included no further breast tissue to take or acceptance by
the MDT due to other clinicopathological reasons. Re-exci-
sion of the primary tumour site was performed in 10.9% of
patients (61 women). At the time of BCS, patients also
underwent Level I and II axillary lymph node dissection
(ALND), with or without sentinel lymph node biopsy as fol-
lows: sentinel lymph node biopsy (19%), level I (3%), level
II (74%) and level III (3%) clearance.

Pathological evaluation
All patients underwent specialist breast pathology review
including pathological tumour size, tumour grade, lymph
node status, lymphovascular invasion as well as margin
assessment. Definition of radial margin distance was based
on the distance of invasive carcinoma or ductal carcinoma

in situ (DCIS) from the edge of the resection sample. If cav-
ity shavings were taken, the radial margin was determined
by the sum of disease-free thickness of the shaving togeth-
er with the disease-free margin from the tumour within the
primary resection sample. ER levels were determined by
immunohistochemical analyses. During the period of this
study, HER2 receptor status was not routinely tested.

Adjuvant systemic therapy
Adjuvant chemotherapy with an anthracycline-based regi-
men was recommended for patients with an NPI > 4.4 (i.e.
who had histological evidence of axillary lymph node involve-
ment or grade 3) and who were felt to be appropriate candi-
dates for chemotherapy by theMDT. Chemotherapy was com-
menced 4 weeks following surgery and prior to breast RT.
Tamoxifen was recommended for all patients with oestrogen
receptor (ER) positive tumours. In patients who also received
systemic chemotherapy, tamoxifen was started 4 weeks fol-
lowing completion of chemotherapy.

Radiation therapy
All women received adjuvant external-beam RT to the ipsi-
lateral breast. RT was delivered using tangential fields and
6–15 MV photon energy and a standard hypofractionated
dose of 40-Gy in 15 fractions, delivered over 3 weeks.
During initial part of the audit period, 17 patients received
50-Gy in 25 fractions, delivered over 5 weeks, as part of the
START trial.14 A boost to the primary tumour bed, consisting
of a boost dose of 9-Gy in three fractions, was routinely
given except in low-risk patients (T1 tumours, grade 1–2,
node negative, ER positive and no lymphovascular inva-
sion). A supraclavicular (SCF) RT field was added for
patients with four or more positive axillary nodes. Axillary
fields were not normally used unless there was evidence of
macroscopic residual disease following axillary clearance.

Follow-up
Follow-up data were obtained up to October 2007. Women
were followed up with breast examination, 6-monthly dur-
ing years 1–2 and annually from years 3–5, together with
annual bilateral mammograms. After 5 years, the women
were referred to the National Health Service breast screen-
ing programme for 3-yearly mammography.

Data and statistical analyses
The NPI was calculated for each case using the formula:
NPI = 0.2 × tumour size (cm) + nodal stage (1–3) + grade
(1–3). The NPI calculation and its prognostic groups have
previously been described.15

Follow-up time was calculated from the date of surgery
to the date of last follow-up or death. IBTR was defined as
re-appearance of histologically-proven invasive breast car-
cinoma at the site of previous surgery in the treated breast
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and was counted only if it occurred alone or before distant
disease recurrence. Distant disease recurrence (DDR) was
defined as appearance of carcinoma outside the treated
breast including ipsilateral axillary lymph node recurrence
and metastasis to distant organs. DDR was counted only
when it occurred alone, or more than 3 months before
IBTR. The development of a contralateral breast carcinoma
was not considered as DDR.
Actuarial curves of IBTR and DDR were calculated using

the Kaplan–Meier method. Recurrence-free survival time
was calculated from the date of surgery to the date of diag-
nosis of recurrence or the last follow-up or death. Women
were censored from the calculation of IBTR at the time of
last local recurrence-free follow up or when death
occurred. Women were censored from calculation of DDR
rate at the time of last distant disease-free follow-up or
when death occurred. Breast cancer-specific survival was
defined as the interval between primary BCS and last fol-
low-up or death. Patients who were alive or died of a cause
other than breast cancer were censored for analysis of
breast cancer-specific survival. For overall survival (i.e. all-
cause mortality), the survival time was the interval between
primary BCS and last follow-up or death but patients were
censored only if they were alive. The survival curves were
compared using the log-rank test. P ≤ 0.05 was considered
significant. SPSS v10.1 software (SPSS Inc., Chicago, IL,
USA) was used for statistical analyses.

Results

Patient characteristics
Between 1999 and 2004, 563 patients who underwent BCS,
as their final surgical procedure, followed by RT for inva-
sive breast cancer were identified. The median age at diag-
nosis was 58 years (range, 29–92 years; Table 1). Most of the
patients in this series presented with a symptomatic tumour
(62.7%) whilst 34.3% of patients had a screen-detected
tumour. The overall median follow-up was 58 months (4.8
years). The median follow-up for women who were not lost
to follow-up was 60 months (range, 13–99 months). Twenty-
seven women (4.8%) were lost to follow-up. The overall fol-
low-up is relatively short as this is accounted by the follow-
up protocol of 5 years following the diagnosis of breast can-
cer at the unit, before discharging the women back to the
national screening programme for further screening mam-
mography.

Tumour and treatment characteristics
The pathological features of the tumour, including
Nottingham prognostic index (NPI), are summarised in
Table 1. The target surgical radial margin of > 5 mm was
achieved in 81.9% of patients. To achieve this, 10.9% of
patients underwent re-excision operation(s) to achieve ade-

quate margins. All patients received fractionated 40-Gy
breast radiotherapy following surgery. Three hundred and
forty (60.4%) patients received tumour bed boost radiother-
apy. Twenty-four women (4.3%) received breast and ipsilat-
eral supraclavicular irradiation. For adjuvant therapy,
20.2% of patients underwent chemotherapy whilst 78.5% of
patients received hormonal therapy. The treatment charac-
teristics are summarised in Table 2.

Characteristics (n = 563)

Age
Median (years) 58
Range (years) 29–92

Presentation
Screen-detected 193 (34.3%)
Symptomatic 353 (62.7%)
Unknown 17 (3.0%)

Tumor size, pathologic
Median (mm) 14
Range (mm) 8–54

Histological type
Invasive ductal 405 (71.9%)
Invasive lobular 49 (8.7%)
Tubular 47 (8.3%)
Mixed 42 (7.5%)
Mucinous 9 (1.6%)
Medullary 2 (0.4%)
Other 9 (1.6%)

Histopathological grade
I 129 (22.9%)
II 254 (45.1%)
III 172 (30.6%)

Lymph node status
Negative 381 (67.7%)
Positive 176 (31.3%)
Unknown 6 (1.1%)

Oestrogen receptor status
Positive 481 (85.4%)
Negative 77 (13.7%)
Unknown 5 (0.9%)

Nottingham Prognostic Index (NPI) groups
Group 1 (< 2.4) 94 (16.7%)
Group 2 (2.42–3.4) 175 (31.1%)
Group 3 (3.42–4.4) 147 (26.1%)
Group 4 (4.42–5.4) 87 (15.5%)
Group 5 (5.42–6.4) 28 (5.0%)
Group 6 (> 6.4) 15 (2.7%)

Table 1 Patient and tumour characteristics
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Treatment outcomes: IBTR and DDR rates
After a median follow-up of 58 months, five of the 563
(0.9%) patients developed IBTR. The 5-year actuarial IBTR
rate was 1.1%. Among the five patients with IBTR, the medi-
an time to IBTR was 26 months. One out of 192 (0.52%)
patients with an initial screen-detected tumour developed
IBTR following BCS, whilst four out of 353 (1.13%) patients
with an initial symptomatic tumour developed IBTR. The 5-
year actuarial IBTR rate is 0.7% for the screen-detected
group and 1.4% for the symptomatic patients. The clinico-
pathological features for each IBTR case are given in Table
3. All patients with IBTR were treated by salvage mastecto-
my. When dichotomising the cohort into good and adverse
NPI groups (i.e. NPI groups 1–3 vs NPI groups 4–6), the
adverse NPI group had significantly higher IBTR rate (log
rank test, P < 0.0001; Fig. 1A). Comparing the IBTR-free sur-
vival curves of the group who achieved the target margin
(radial margin ≥ 5 mm) and the group who did not

(< 5 mm), women with achieved surgical margin of < 5 mm
were not predisposed to IBTR (log-rank test, P = 0.29; data
not shown). There were only 17.3% of patients who had less
than target margin as most patients had undergone re-exci-
sion for inadequate margin.
Twenty-nine of the 563 (5.2%) patients had DDR (axil-

lary and systemic), giving a 5-year actuarial DDR rate of
5.4%. Treatment outcomes are summarised in Table 2.

Treatment outcomes: breast cancer-specific and overall
survival
During follow-up, 25 out of 563 women died from breast
cancer. The 5-year breast cancer specific survival was 95%.
Of note, patients with IBTR had a shorter breast cancer-spe-
cific survival than those without IBTR (median survival, 50
vs 57 months, log-rank P < 0.0001; Fig. 1C). Overall 5-year
survival (all-cause) was 90.3%.

Figure 1 (A) Kaplan–Meier analysis for local recurrence-free sur-
vival in patient cohort dichotomized into Nottingham Prognostic
Index (NPI) groups using two categories: good category, NPI groups
1–3 and adverse category, NPI groups 3–6. The good NPI category
had significantly lower ipsilateral breast tumour recurrence com-
pared to the adverse NPI category as assessed using log-rank test
(P = 0.0003). (B) Kaplan–Meier curves for breast cancer specific
survival for individual NPI groups. The poor prognostic NPI groups
were significantly associated with poorer breast cancer specific sur-
vival (log rank test, P < 0.0001). (C) Kaplan–Meier curves for
breast cancer-specific survival comparing patients who had ipsilat-
eral breast tumour recurrence (IBTR) with those who were IBTR-
free. Patients who experienced IBTR had a shorter median breast
cancer-specific survival time than those who were IBTR-free (50
months vs 57 months; log rank test, P < 0.0001).

A B

C
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When separating the cohort into the six NPI groups,15 the
breast-cancer specific survival curves delineated into a pat-
tern whereby progressively worse NPI groups had lower 5-
year breast cancer-specific survival rates (log-rank test, P <
0.0001; Table 2 and Fig. 1B).

Discussion

The current audit established the local recurrence rate of
the Cambridge Breast Unit for women with invasive breast
cancer (T1–3, N0–1, M0) treated with BCS and RT. Our find-
ings suggest that our treatment regimen, combining a sur-
gical radial margin of 5-mm with hypofractionated 40-Gy
breast RT, is associated with a low IBTR rate. This com-
pared favourably with the target local recurrence rate of 5%
at 5 years of follow-up as proposed by BASO.12 To achieve
the surgical margin, we have an acceptable re-excision rate
of 10.9%.
It is commonly accepted that early IBTR after BCS is due

to residual tumour cells in the breast tissue. Although sur-
gical margin is a marker of residual disease following pri-
mary excision, the optimal margin has not been identified.
Multiple studies have reviewed the impact of differing sur-
gical margins on local recurrence rates. Studies that used
target margins ranging from 1– 5 mm reported comparable
IBTR rates, varying from 0–10%.16 Our 5-year IBTR rate
(1.1%), using a surgical margin of 5 mm, compares
favourably with studies that used a similar target margin.
Horiguchi et al.17 reported a 5-year actuarial IBTR rate of
3.4% using a 5-mm margin, whilst Schmidt-Ullrich et al.18

using the same target margin reported no IBTR in a patient
cohort after a median follow-up of 60 months.
In the current audit, there was no difference in IBTR

rates between patients who achieved the target margin (i.e.
5 mm) and those who did not. We could account for this by
several reasons. First, the relatively small group with inad-
equate margins may have obscured margin status as a risk
factor for IBTR. Furthermore, there were often good clinical
grounds behind the decision not to re-excise in those
patients who had less than target margin. One common rea-
son is that there was no residual breast tissue at the margin
of tumour cavity to re-excise, especially in tumours at the
breast periphery. In such cases, the lack of an adequate
margin may not affect the IBTR rate. Lastly, the surgical
margin in this study is relatively generous. Hence, in
patients with less than the target margin, the achieved mar-
gin appears to be adequate to prevent IBTR, particularly,
when studies have shown that target margin of 1 mm may
be adequate for local control.5,19 Alternatively, there was no
IBTR in our patient cohort with close or involved margins
suggesting that our RT regimen did eliminate any residual
tumour cells.
Our RT regimen, using hypofractionated 40-Gy (15 frac-

tions over 3 weeks), has been in use since 1999. The UK
Standardisation of Breast Radiotherapy Trial (START) has
shown, in a randomised trial of over 2000 patients after a
median follow-up of 6 years, the rate of IBTR at 5 years was
2.0% (95% CI 1.1–2.8%) in the 40-Gy group and 3.3% (95%
CI 2.2–4.4%) in the 50-Gy group.20 Furthermore, there were

Variables (n = 563)

Treatment characteristics

Re-excision (no. of operations)

0 502 (89.2%)

1 60 (10.7%)

2 1 (0.2%)

Margin achieved

< 1 mm 8 (1.4%)

1–2 mm 22 (3.9%)

3–4 mm 67 (11.9%)

≥ 5 mm 461 (81.9%)

Unknown 5 (0.9%)

Radiation boost

Yes 340 (60.4%)

No 223 (39.6%)

Chemotherapy

Yes 114 (20.2%)

No 442 (78.5%)

Unknown 7 (1.2%)

Hormonal therapy

Yes 442 (78.5%)

No 85 (15.1%)

Unknown 36 (6.4%)

Clinical outcomes

Follow-up: median (range) 4.8 (0.08–8.3) yrs

5-year actuarial IBTR rate 1.1%

5-year crude IBTR rate 0.9% (5 of 563)

5-year actuarial DDR rate 5.4%

5-year crude DDR rate 5.2% (29 of 563)

5-year breast cancer specific survival 95.0%

5-year breast cancer specific survival by NPI groups

Group 1 (excellent prognostic group) 100%

Group 2 (good) 99.2%

Group 3 (moderate I) 96.1%

Group 4 (moderate II) 86.6%

Group 5 (poor) 88.6%

Group 6 (very poor) 75.2%

Overall 5-year survival 90.3%

IBTR, ipsilateral breast tumour recurrence; DDR, distant disease recur-

rence; NPI, Nottingham Prognostic Index.

Table 2 Treatment characteristics and clinical outcomes
of patients who had breast conservation surgery
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lower rates of adverse cosmetic effects after 40-Gy RT and
this trial confirmed the efficacy of the hypofractionated RT
regimen.14,20 Of note, our 5-year IBTR rate was 1.1% which
compares favourably with the 40-Gy arm of the START trial
and we speculate this may be in part due to our strict adher-
ence to the surgical margin.
Interestingly, all the IBTR cases in this series had an ade-
quate margin (i.e. > 5 mm). In these patients, despite appar-
ent removal of all tumour cells and use of breast RT, local
recurrence occurred, implying that the aggressive biology
of tumour cells was probably accountable. This corrobo-
rates with findings of our review of cases of local recur-
rence in our audit series, whereby there is a trend that
patients with local recurrence have higher NPI scores. NPI
can be viewed as a surrogate marker for biological aggres-
siveness of the cancer.21 Taking these together, one could
speculate that, in a patient cohort in whom the local thera-
py is adequate (i.e. adequate margin and radiotherapy), the
biology of the tumour probably becomes the dominant fac-
tor in predicting IBTR. Surrogate markers of tumour
aggressiveness can be obtained from conventional patho-
logical analyses of the specimen. For instance, tumour
grade, size and lymphovascular invasion have been shown
to be predictive of IBTR,22 DDR23,24 and overall patient sur-
vival.25 Consistent with this, genomic studies of breast can-
cer specimens have identified gene expression signatures
that predict biological aggressiveness and hence, local
recurrence.26 Furthermore, in our cohort, NPI did clearly
stratify the patients into groups with differing breast can-
cer-specific survivals confirming NPI as a reproducible and
reliable prognosticator in breast cancer patients.15

Conclusions

This current audit suggests that our treatment regimen,
combining BCS with a 5-mm target margin and hypofrac-

tionated 40-Gy RT, results in an extremely low rate of IBTR,
and compares favourably with the target IBTR rate of < 5%
defined by the Association of Breast Surgeons (ABS) at
BASO guidelines.
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