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Abstract To examine the relationship between local
recurrence and breast cancer mortality in women with
early-stage breast cancer. We studied 1675 women with
stage 0 (DCIS), stage I or stage II breast cancer who were
treated with breast-conserving surgery at Women’s College
Hospital between 1987 and 2009. For each patient, we
obtained information on age at diagnosis, tumour size,
lymph node status, tumour grade, lymphovascular inva-
sion, oestrogen receptor status, progesterone receptor sta-
tus, HER2 status and treatments received (radiotherapy,
chemotherapy and tamoxifen). Patients were followed from
the date of diagnosis until local recurrence, death from
breast cancer or the date of last follow-up. We used the
Kaplan—-Meier method to estimate 15-year local recur-
rence-free and breast cancer-specific survival rates for each
stage at diagnosis. For each stage, the two rates were
compared. After a mean follow-up of 13.1 years, 243
women (14.5 %) experienced a local recurrence and 281
women (16.8 %) died of breast cancer. The 15-year actu-
arial rate of local recurrence was 16 % for women with
DCIS, 15 % for women with stage I cancer and 16 % for
women with stage II cancer. The 15-year breast cancer-
specific mortality rate was 3 % for women with DCIS,
10 % for women with stage I breast cancer and 30 % for
women with stage II breast cancer. After experiencing a
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local recurrence, the 15-year breast cancer mortality rate
was 16 % for women with DCIS, 32 % for women with
stage I breast cancer and 59 % for women with stage II
breast cancer. Across the spectrum of the early stages of
breast cancer, the risk of local recurrence does not correlate
with the risk of death from breast cancer. After local
recurrence, the risk of death from breast cancer depends on
the initial stage at diagnosis.

Keywords Breast cancer - DCIS - Local recurrence -
Death - Biomarkers

Introduction

Screening mammography detects a large number of early-
stage breast cancers for which the optimal treatment is not
always clear. Many breast cancers present with no evidence
of invasion within the breast (DCIS) or beyond the breast
(node-negative breast cancer). It is difficult to distinguish
patients with indolent breast cancers that are unlikely to
affect survival from those with subclinical metastases who
might benefit from systemic therapy. It is proposed that the
development of new markers that predict which patients
are at high risk for tumour recurrence will be helpful in
guiding treatment decisions (e.g. lumpectomy versus
mastectomy, radiotherapy versus no radiotherapy, tamox-
ifen versus no tamoxifen, chemotherapy versus no
chemotherapy) [1].

Some patients who die from early-stage breast cancer
experience a local (in-breast) recurrence prior to the
development of clinically detectable distant metastases,
and some patients experience a distant recurrence as the
first event. The risk of death from breast cancer increases
after a local recurrence, but not all patients who experience
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a local recurrence develop distant metastases or die [2—4].
It has been proposed that by predicting the risk of local
recurrence, we can minimize the under-treatment and over-
treatment of small screen-detected breast cancers [5, 6].
For women with DCIS or with invasive breast cancer,
preventing local recurrence (with mastectomy or with
radiation therapy) does not prevent death from breast
cancer [7-11]; in order to impact on breast cancer mor-
tality, a predictive test must help guide decisions about
adjuvant chemotherapy. To justify chemotherapy, the
reduction in mortality from breast cancer must be suffi-
ciently large to outweigh the side effects. Much research
has been conducted on risk factors for local recurrence;
however, it is not clear to what extent the risk of local
recurrence correlates with the risk of death across the early
stages of breast cancer or if biomarkers of local recurrence
will predict breast cancer mortality or will help guide
treatment.

Here, we explore the relationship between rates of local
recurrence and breast cancer mortality in groups of women
with DCIS (stage 0), stage I and stage II breast cancers. We
compare the rates of local recurrence and of breast cancer
mortality across the three stages and within each stage. We
compare the impacts of various factors on the risks of local
recurrence and of breast cancer death for all women with
early-stage breast cancer. If factors which predict local
recurrence also predict mortality, then we should be opti-
mistic that new markers of local recurrence will have the
potential to guide chemotherapy. If the factors are distinct,
then future studies should focus on mortality itself and not
on local recurrence.

Methods

We studied a cohort of 1675 women diagnosed with pri-
mary DCIS (stage 0), stage I breast cancer or stage II breast
cancer who were treated with breast-conserving surgery at
the Henrietta Banting Breast Center at Women’s College
Hospital between 1987 and 2009. For each patient, we
abstracted information on age at diagnosis, tumour size,
lymph node status, tumour grade, lymphovascular invasion
(LVI), oestrogen receptor (ER) status, progesterone
receptor (PR) status, HER2 status, all treatments received
(surgery, radiotherapy, chemotherapy, hormone therapy),
all recurrences (local, regional, distant) and dates and
causes of death. ‘DCIS’ refers to patients with ductal car-
cinoma, primary tumour in situ. ‘Stage I breast cancer’
refers to all patients with invasive primary tumours of
2.0 cm or less in size with negative lymph nodes. ‘Stage Il
breast cancer’ refers to patients with invasive primary
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tumours of 2.0 cm or less in size with positive lymph
nodes, 2.1-5.0 cm in size with negative or positive lymph
nodes or more than 5.0 cm in size with negative lymph
nodes.

We stratified the patients into three groups according to
the type of first recurrence. ‘Local recurrence’ includes all
patients who experienced a local invasive recurrence (de-
fined as in-breast or chest wall) as the first event. Patients
with a non-invasive local recurrence were not included in
this group. ‘Distant recurrence’ includes all patients who
had a distant recurrence as the first event (alone or at the
same time as a local or regional recurrence). ‘No recur-
rence’ includes all patients with no documented recurrence
as of the date of last follow-up. Patients who experienced a
regional (axillary) or loco-regional recurrence as the first
event were excluded from this study.

We used the Kaplan—-Meier method to estimate 15-year
local recurrence-free survival rates and breast cancer-
specific survival rates. Patients were followed for local
recurrence from the date of diagnosis to local recurrence,
death or date of last follow-up. Patients were followed for
breast cancer death from the date of diagnosis to death
from breast cancer, death from another cause or date of last
follow-up. To estimate breast cancer-specific survival after
local recurrence, we followed patients from the date of
local recurrence to death from breast cancer, death from
another cause or date of last follow-up.

The Cox proportional hazards model was used to esti-
mate the unadjusted (univariate) and adjusted (multivari-
ate) hazard ratios for local recurrence and for death from
breast cancer. Covariates included age at diagnosis, grade,
LVI, ER status, PR status, stage at diagnosis, radiotherapy
(no/yes), chemotherapy (no/yes) and tamoxifen (no/yes). A
time-dependent Cox proportional hazards model was used
to estimate the impact of experiencing a local recurrence
on the risk of death from breast cancer at 15 years for
patients in each stage group.

The ratio of distant metastasis to local recurrence can be
thought of as an index of metastatic potential. The ratio
was estimated by dividing the number of patients who
either died of breast cancer or experienced a distant
recurrence in the study period by the number of patients
who experienced a local recurrence as the first event in the
study period.

The (crude) probability of death from breast cancer
(Pgearn) can be expressed as a function of the probability of
local recurrence (Ppr), the probability of death given local
recurrence (Pgeam|LR), the probability of distant recurrence
(Ppr), the probability of death given distant recurrence
(Pgeath|DR), the probability of no recurrence (Pygr) and the
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Table 1 Patient characteristics,

. . . Characteristic DCIS N = 254 Stage I N = 697 Stage I[I N = 724 P value
according to stage at diagnosis

(N = 1675) Age at diagnosis, years
Mean (range) 57.4 (30-89) 55.3 (26-89) 53.8 (22-92) <0.0001
Year of diagnosis 1994.4 1994.0 1993.7
Mean (range) (1987-2000) (1987-2009) (1987-2000) 0.05
Tumour size, mm
Mean (range) N/A 11.8 (0-20) 25.7 (0-100) <0.0001
Lymph node status
Negative N/A 697 (100 %) 263 (36.3 %) <0.0001
Positive N/A 0 461 (63.8 %)
Unknown N/A 0 0
Grade
I (low) N/A 181 (30.1 %) 85 (13.7 %) <0.0001
II (intermediate) N/A 289 (48.1 %) 269 (43.4 %)
III (high) N/A 131 (21.8 %) 266 (42.9 %)
Unknown N/A 96 104
Lymphovascular invasion
Negative N/A 549 (84.0 %) 401 (60.7 %) <0.0001
Positive N/A 99 (16.0 %) 260 (39.3 %)
Unknown N/A 79 63
ER status
Negative 45 (45.5 %) 172 (27.0 %) 213 (30.6 %) 0.0009
Positive 54 (54.6 %) 465 (73.0 %) 484 (69.4 %)
Unknown 155 60 27
PR status
Negative 41 (48.8 %) 208 (34.2 %) 293 (42.9 %) 0.002
Positive 43 (51.2 %) 402 (65.8 %) 369 (57.1 %)
Unknown 170 87 31
HER?2 status
Negative N/A 266 (82.1 %) 378 (75.3 %) 0.02
Positive N/A 58 (17.9 %) 124 (24.7 %)
Unknown N/A 373 222
Radiation
No 170 (69.4 %) 156 (22.9 %) 106 (14.9 %) <0.0001
Yes 75 (30.6 %) 526 (77.1 %) 606 (85.1 %)
Unknown 9 15 12
Chemotherapy
No 250 (100 %) 606 (88.3 %) 382 (53.4 %) <0.0001
Yes 0 80 (11.7 %) 334 (46.7 %)
Unknown 4 11 8
Tamoxifen
No 226 (91.1 %) 347 (50.9 %) 344 (48.3 %) <0.0001
Yes 22 (8.9 %) 335 (49.1 %) 369 (51.8 %)
Unknown 6 15 11

Missing data not included in the test of frequency distribution

probability of death given no recurrence (Pgeqn|NR), using

g ] We estimated these values for the members of the study
the following equation:

cohort according to stage at diagnosis. These results are
Pgeath = (PLR X Pgeath|[LR) 4 (Ppr X Pgean|DR) presented and discussed in the supplement.
+ (PNR X Pdeath|NR)7
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Table 2 15-year actuarial rates

of recurrence and of breast DCIS (%) Stage I (%) Stage 11 (%) P value
cancer death, according to stage Local recurrence as first event
at diagnosis (all lumpectomy
patients and lumpectomy All 15.6 153 159 0.63
patients treated without No radiotherapy 16.9 22.9 333 0.002
radiotherapy) Death after local recurrence
All 16.0 31.9 58.9 <0.0001
No radiotherapy 18.1 27.4 59.3 0.003
Distant recurrence as first event
All 1.7 8.3 25.9 <0.0001
Death after distant recurrence
All 100 97.3 96.0 0.47
Breast cancer death
All 2.7 9.6 29.6 <0.0001
No radiotherapy 3.7 10.2 335 <0.0001
A 10 R Results
9] ~—==—===.|  We followed 1675 women with DCIS (n = 254), stage I
08 ] (n = 697) or stage Il (n = 724) breast cancer who were
g 07 1 treated with breast-conserving surgery for a mean of
3 06 13.1 years (range 1-27) (Table 1). By the end of the study
5 5l period, 243 (14.5 %) of the 1689 women had experienced a
£ o4 | local recurrence as the first event; 217 women (13.0 %) had
g experienced a distant recurrence as the first event. 281
& 03] PO women (16.8 %) died of breast cancer.
02 1 The actuarial rate of local recurrence at 15 years was
o1{ — ;’g':; fzfg‘,;, 15.6 % for women with DCIS, 15.3 % for women with
ool _ s]'age']'wl'z" - stage I breast cancer and 15.9 % for women with stage II
0 1 2 3 4 5 6 7 8 9 0 H #2 8B 1 ® breast cancer (Table 2; Fig. 1a). Among women who did
Years of follow—up not receive radiotherapy, the risk of local recurrence at
15 years was 16.9 % for women with DCIS, 22.9 % for
By women with stage I breast cancer and 33.3 % for women
09 with stage II breast cancer (Fig. 1b). After adjusting for all
08 adjuvant treatments received (radiotherapy, chemotherapy,
g tamoxifen) and other factors (age, grade, LVI, hormone-
1 — receptor status), the risk of local recurrence at 15 years was
f 08 significantly higher for patients with stage I cancer com-
; 05 pared to that for patients with DCIS (adjusted HR 2.47,
§ 04 95 % CI 1.32-4.61; p = 0.005) and for patients with stage
2 03{ p=oou II cancer compared to that for patients with DCIS (adjusted
os HR 3.05; 95 % CI 1.54-6.03; p = 0.001) (Table 3).
o | — Fa e 2.7 % fotputonts with DCTS, 98 % fo pants with stae
00 Stage I, 30/106 >

T T T T T T T T T T T T T T T T

01 2 3 4 5 6 7 8 9 10 1 12 13 4 1%
Years of follow==up
Fig. 1 a 15-year local recurrence-free survival by stage at diagnosis,

all lumpectomy patients. b 15-year local recurrence-free survival by
stage, lumpectomy patients treated without radiotherapy
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I cancer and 29.6 % for patients with stage II cancer
(Fig. 2). The gradient in mortality was similar among
patients who did and who did not receive radiotherapy
(Table 2). The adjusted hazard ratio of breast cancer death
at 15 years was 5.8 (95 % CI 2.1-16.7; p = 0.001) for
patients with stage I cancer compared to that for patients
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Table 3 Hazard ratios for local recurrence and for death from breast cancer (all subjects)

Variable Local Univariate hazard Multivariate hazard Breast Univariate hazard Multivariate
recurrence  ratio ratio cancer ratio hazard ratio
death

Age at dx

<40 21/126 1 1 46/101 1 1

41-50 81/418 1.05 (0.65-1.70) 0.83 1.18 (0.72-1.94) 0.51 86/413 0.49 (0.35-0.71) 0.0001 0.81 (0.56-1.17) 0.25

51-60 56/415 0.75 (0.46-1.24) 0.26 0.95 (0.56-1.62) 0.85 69/402 0.43 (0.29-0.61) < 0.0001  0.85 (0.56-1.27) 0.42

60+ 56/502 0.66 (0.40-1.09) 0.10 0.79 (0.45-1.37) 0.40 59/499 0.31 (0.21-0.46) < 0.0001 0.67 (0.42-1.06) 0.08
Grade

1 23/244 1 1 13/254 1 1

I 65/500 1.44 (0.89-2.31) 0.13 1.38 (0.85-2.24) 0.19 80/485 3.09 (1.72-5.55) 0.0002 2.12 (1.17-3.86) 0.01

11 62/344 2.20 (1.36-3.54) 0.001 1.80 (1.07-3.03) 0.03 123/283 7.57 (4.27-13.4) < 0.0001 3.49 (1.91-6.38) < 0.0001
ER status

Negative 65/365 1 1 98/332 1 1

Positive 111/892 0.67 (0.49-0.90) 0.009 0.88 (0.59-1.29) 0.50 150/853 0.59 (0.46-0.76) < 0.0001 1.21 (0.87-1.69) 0.25
PR status

Negative 751467 1 1 140/402 1 1

Positive 97/748 0.74 (0.55-1.00) 0.05 0.90 (0.62-1.31) 0.58 106/739 0.42 (0.33-0.54) < 0.0001 0.49 (0.36-0.67) < 0.0001
ER/PR

ER—/PR— 48/275 1 1 86/237 1 1

ER +/PR+  82/675 0.63 (0.44-0.90) 0.01 0.84 (0.56-1.25) 0.38 95/662 0.40 (0.30-0.53) < 0.0001 0.61 (0.44-0.85) 0.004

ER—/PR+ 15/73 1.00 (0.56-1.78) 0.99 1.25 (0.68-2.30) 0.47 11/77 0.40 (0.21-0.75) 0.004 0.66 (0.34-1.27) 0.66

ER +/PR— 27/192 0.78 (0.49-1.25) 0.30 1.10 (0.67-1.82) 0.71 54/165 0.87 (0.62-1.22) 0.44 1.33 (0.91-1.93) 0.14
Stage

DCIS 32/222 1 1 5/249 1 1

1 88/609 0.98 (0.65-1.47) 0.92 2.47 (1.32-4.61) 0.005 61/636 4.35 (1.75-10.8) 0.002 5.84 (2.05-16.7) 0.001

1I 94/630 1.12 (0.75-1.68) 0.57 3.05 (1.54-6.03) 0.001 194/530 15.1 (6.23-36.7) < 0.0001 14.2 (4.96-40.5) < 0.0001
LVI

No 105/818 1 1 118/805 1 1

Yes 59/300 1.63 (1.19-2.45) 0.003 1.73 (1.22-2.46) 0.002 115/244 2.78 (2.15-3.60) < 0.0001 1.94 (1.47-2.56) < 0.0001
Radio

No 86/346 1 1 49/383 1 1

Yes 126/1081 0.48(0.36-0.63) < .0001 0.40(0.29-0.55) < .0001 201/1006 1.44(1.05-1.96)0.02 0.73(0.52-1.02)0.07
Chemo

No 162/1076 1 1 137/1101 1 1

Yes 50/364 1.01 (0.74-1.39) 0.95 0.61 (0.41-0.91) 0.02 116/298 2.82 (2.20-3.61) < 0.0001 0.99 (0.72-1.36) 0.95
Tam

No 145/772 1 1 100/626 1 1

Yes 65/661 0.52 (0.39-0.70) < 0.0001 0.56 (0.40-0.79) 0.001 154/763 0.77 (0.60-1.00) 0.05 0.76 (0.56-1.03) 0.08

with DCIS and was 14.2 (95 % CI 5.0-40.5; p < 0.0001)
for patients with stage II cancer compared to that for
patients with DCIS (Table 3).

For each stage group, we compared the risks of local
recurrence and the risks of breast cancer mortality at
15 years (Fig. 3). Among the 254 women with DCIS, 35
women (13.8 %) experienced a local recurrence in the
follow-up period and six women (2.4 %) died of breast
cancer. Among the 679 women with stage I breast cancer,
101 women (14.9 %) experienced a local recurrence in the
follow-up period and 73 women (10.8 %) died of breast
cancer. Among the 727 women with stage II breast cancer,

107 women (14.7 %) experienced a local recurrence in the
follow-up period and 202 women (27.8 %) died of breast
cancer. In women with DCIS, the risk of local recurrence is
much higher than the risk of breast cancer death (Fig. 3a).
In women with stage I breast cancer, the risk of local
recurrence is similar to the risk of breast cancer death
(Fig. 3b). In women with stage II breast cancer, the risk of
breast cancer death is higher than the risk of local recur-
rence (Fig. 3c).

Among all patients in the cohort, local recurrence was
associated with an increased risk of subsequent breast
cancer mortality (adjusted HR 4.2; 95 % CI 3.1-5.7,
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Fig. 2 a 15-year breast cancer-specific survival by stage at diagnosis,
all lumpectomy patients. b 15-year breast cancer-specific survival by
stage, lumpectomy patients treated without radiotherapy

p < 0.0001). The adjusted hazard ratio for death associated
with a local recurrence was 18.6 for patients with DCIS
(95 % CI 1.9-183.5; p = 0.01), 3.8 for patients with stage
I breast cancer (95 % CI 2.0-7.2; p < 0.0001) and 3.9 for
patients with stage II breast cancer (95 % CI 2.7-5.7;
p < 0.0001). The actuarial 15-year breast cancer mortality
rate after local recurrence was 16.0 % for patients with
DCIS, 31.9 % for patients with stage I breast cancer and
58.9 % for patients with stage II breast cancer (Fig. 4).
We compared the impact of various factors on both the
risk of local recurrence at 15 years and the risk of death
from breast cancer at 15 years for all patients in the cohort
(Table 3). In a multivariable analysis, positive PR status
did not predict local recurrence (adjusted HR 0.90; 95 %
CI0.62-1.31; p = 0.58) but was a strong predictor of death
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Fig. 3 a Local recurrence-free survival and breast cancer-specific
survival at 15 years in patients with DCIS treated with lumpectomy.
b Local recurrence-free survival and breast cancer-specific survival at
15 years in patients with stage I breast cancer treated with lumpec-
tomy. ¢ Local recurrence-free survival and breast cancer-specific
survival at 15 years in patients with stage II breast cancer treated with
lumpectomy
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from breast cancer (adjusted HR 0.49; 95 % CI 0.36-0.67,
p < 0.0001). PR expression was associated with a reduced
risk of death both for women with ER-positive breast
cancers (adjusted HR 043; 95% CI 0.30-0.60;
p < 0.0001) and ER-negative breast cancers (adjusted HR
0.40; 95 % CI 0.19-0.83; p = 0.01). ER status was asso-
ciated with good survival in a crude analysis but not after
adjusting for PR status. Positive ER status was not asso-
ciated with a reduced risk of death in women with PR-
positive breast cancers (adjusted HR 0.88; 95 % CI
0.46-1.69; p = 0.71) or with PR-negative breast cancers
(adjusted HR 1.05; 95 % CI 0.70-1.59; p = 0.81). Among
patients with stage I and stage II breast cancers, high
tumour grade (vs. low tumour grade) was a moderate
predictor of local recurrence (adjusted HR 1.80; 95 % CI
1.07-3.03; p = 0.03) but was a strong predictor of death
from breast cancer (adjusted HR 3.49; 95 % CI 1.91-6.38;
p < 0.0001). Lympho-vascular invasion (stage I and stage
IT patients only) was an independent predictor both of local
recurrence (adjusted HR 1.73; 95 % CI 1.22-2.46;
p = 0.002) and of breast cancer mortality (adjusted HR
1.94; 95 % CI 1.47-2.56; p < 0.0001).

The risk of local recurrence at 15 years was significantly
reduced with radiotherapy (adjusted HR 0.40; 95 % CI
0.29-0.55; p < 0.0001), chemotherapy (adjusted HR 0.61;
95 % CI 0.41-0.91; p = 0.002) and tamoxifen (adjusted
HR 0.56; 95 % CI 0.40-0.79; p = 0.001); however, none
of the three therapies predicted breast cancer death at
15 years (Table 3).

We compared the number of patients who either died of
breast cancer or experienced a distant recurrence in the
follow-up period and the number of patients who experi-
enced a local recurrence as the first event (distant metas-
tasis to local recurrence ratio) for 1666 women with early-
stage (non-metastatic) breast cancer, according to tumour
size (Table S1). The ratio of distant metastasis to local
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Fig. 4 Breast cancer-specific survival at 15 years following local
recurrence by stage, all lumpectomy patients

recurrence was 0.2 for patients with DCIS (6 distant
recurrences/deaths and 35 local recurrences), 0.8 for
patients with tumours 2.0 cm or less in diameter (39 distant
recurrences/deaths and 47 local recurrences), 1.2 for
patients with tumours 2.1-5.0 cm in diameter (103 distant
recurrences/deaths and 86 local recurrences) and 2.2 for
patients with tumours 5.0 cm or more in diameter (157
distant recurrences/deaths and 71 local recurrences)
(Figure S1).

For each stage group, we compared the relative contri-
butions of local recurrences, distant recurrences and no
recurrence to the overall probability of death from breast
cancer (see Results section in the supplement). To deter-
mine what factors account for the difference in mortality
rates for women with DCIS, stage I cancer and stage II
cancer, we examined the probability of death from breast
cancer according to type of first recurrence (Tables S2 and
S3).

Discussion

Based on the results of a recent study, we concluded that in
the absence of invasion, DCIS has the potential to metas-
tasize and to cause death [9]. This prompted us to consider
DCIS to be an early stage of breast cancer, which differs
from stage I and II breast cancer only by a matter of degree.
Under this paradigm, we examined the relationship
between local recurrence and distant recurrence/death in
women with stage O to stage II breast cancer. The actuarial
rate of local recurrence at 15 years was similar for women
with DCIS (16 %), stage I breast cancer (15 %) and stage
II breast cancer (16 %). In contrast, the actuarial rate of
breast cancer-specific mortality at 15 years was much
lower for women with DCIS (3 %) than that for women
with stage I breast cancer (10 %) or stage II breast cancer
(30 %). The rates of local recurrence and of breast cancer
death reported here are comparable to the rates reported in
randomized trials of DCIS [2, 12] and stage I-II breast
cancers [3, 4, 7]. The patients in our study were followed
closely from diagnosis, and all recurrences have been
confirmed by a pathologist. Variation in local recurrence
rates between studies is likely due to underlying differ-
ences in the patient cohorts (e.g. differences in age, stage at
diagnosis or treatments received). The extent of discor-
dance between local recurrence rates and breast cancer
mortality rates calls into question the relevance of using the
risk of local recurrence to predict cancer-related death in
women with early-stage breast cancer or the goal of iden-
tifying new markers of local recurrence in order to guide
future treatment decisions.

After adjusting for treatments received, the risk of local
recurrence at 15 years was higher for stage I cancer
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compared to that for DCIS (HR 2.47; 95 % CI 1.32-4.61;
p = 0.005) and for stage II cancer compared to that for
DCIS (HR 3.05; 95 % CI 1.54-6.03; p = 0.001). These
modest differences observed in the local recurrence rate
cannot account for the much larger differences in breast
cancer mortality observed with stage; for example, com-
pared to DCIS, the adjusted hazard ratio for death from
breast cancer at 15 years was 14.2 for stage II breast cancer
(95 % CI 4.96-40.5; p < 0.0001).

The risk of breast cancer-specific death following local
recurrence ranged from 16 % for patients diagnosed with
DCIS to 59 % for patients diagnosed with stage II breast
cancer (Table 2). After controlling for initial treatments
received (and other factors), the risk of death following
local recurrence was 2.4 times higher for patients with
stage I cancer compared to that for DCIS (95 % CI
0.51-11.0; p = 0.27) and was 6.4 times higher for patients
with stage II cancer compared to that for DCIS (95 % CI
1.34-30.3; p = 0.02). The hazard ratios for death after
local recurrence between stage groups are comparable to
the hazard ratios for death after primary diagnosis between
stage groups (Table 3). This suggests that among patients
with early-stage breast cancer, local recurrence is a marker
for the presence of distant metastases but does not influ-
ence the probability of metastases in itself [13]. Others
have also reported that survival after local recurrence
depends on the initial stage at diagnosis [3, 4, 14-18].

Differences in the risks of local recurrence as the first
event and the risks of death given local recurrence account
for some (but not all) of the difference observed in breast
cancer mortality between DCIS, stage I and stage II breast
cancers (Supplementary Appendix). Breast cancer mortal-
ity is also influenced by the risk of experiencing a distant
recurrence or of dying from breast cancer in the absence of
an intervening local recurrence. In the current study, the
(crude) probability of death from breast cancer increased
from 2.4 % for patients with DCIS to 27.8 % for patients
with stage II breast cancer (an absolute increase of
25.4 %). The probability of death from breast cancer in the
absence of a local recurrence increased from 0.8 % for
patients with DCIS to 19.8 % for patients with stage II
cancer (absolute increase of 19 %), accounting for 75 % of
the difference in breast cancer mortality (Table S3). Pre-
vious studies have also found that the risk of developing
distant metastases or dying from breast cancer in the
absence of a local recurrence increases with stage at
diagnosis [3, 4, 15].

For patients with invasive breast cancer, tumour size
refers to the greatest dimension (usually the diameter) of
the largest area of contiguous invasion of stroma and does
not include adjacent DCIS. For every doubling of tumour
diameter, the number of cancer cells increases eight-fold.
In this study, among patients with early-stage (non-
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metastatic) breast cancer treated with lumpectomy, the
ratio of distant metastasis to local recurrence increased
from 0.2 for patients with DCIS to 0.8 for patients with
tumours of 1.0 cm or less in size, to 1.2 for patients with
tumours of 1.1-2.0 cm in size and to 2.2 for patients with
tumours of 2.1-5.0 cm in size (Figure S1). DCIS is an
outlier in this analysis; the very low ratio of metastasis to
recurrence is due to the combination of a relatively low
mortality rate and a relatively high (unadjusted) rate of
local recurrence for patients with DCIS.

We show here that the risk factors which predict local
recurrence are not necessarily the same as those which
predict death from breast cancer (Table 3). Notably, PR
status was a strong prognostic factor for mortality but not
for local recurrence. In contrast, high tumour grade and
LVI were independent predictors of both local recurrence
and mortality. Millar et al. also examined risk factors for
local recurrence, distant recurrence and breast cancer
mortality in women with early-stage breast cancer and also
found them to be discordant [19].

Positive PR status was associated with an approximately
60 % reduced risk of death from breast cancer both for
women with ER-positive and ER-negative tumours. In an
unadjusted analysis, ER status was associated with a
reduced risk of both local recurrence and breast cancer
mortality, but after adjusting for PR status, the effect of ER
status was not significant. This suggests that the effects of
ER status and PR status are distinct and that both are rel-
evant. Most studies compare the risk of recurrence or death
for different molecular subtypes of breast cancer (triple-
negative, luminal, etc.), wherein ER and PR status are
treated as equivalent [19, 20]. This categorization obfus-
cates seminal differences in the prognostic effects of ER
status and PR status.

We believe the five salient findings of this analysis to be
the following: First, across stages, there is little correlation
between the rates of local recurrence and the rates of breast
cancer death; the risk of local recurrence is relatively
constant with stage, whereas the risk of breast cancer death
increases sharply with stage. Second, the risk of death from
breast cancer following local recurrence increases with the
initial stage at diagnosis. In the absence of a local recur-
rence, the risk of death also increases with stage at diag-
nosis. Third, the ratio of distant metastasis to local
recurrence increases with tumour size. Fourth, PR status
does not predict local recurrence but is a strong predictor of
breast cancer mortality. Fifth, tumour grade and LVI are
independent prognostic factors for both local recurrence
and mortality (see Box 1).

This analysis has some limitations. The results are based
on a relatively small number of patients with DCIS, and
only six patients with DCIS died in the study period. We
did not have information on many of the tumour
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characteristics for patients with DCIS (tumour size, tumour
grade, LVI, HER2 status); therefore, some of the multi-
variable analyses are restricted to patients with stage I-II
breast cancers. We did not have information on the use of
HER?2 targeted therapies (Herceptin); however, most
patients in this study were treated before these therapies
were introduced. We did not include margin status or
multifocality in the model; the impact of these factors on
local recurrence and breast cancer mortality will be the
focus of a future study. There may have been some mis-
classification of the DCIS cases, i.e. some patients who
were diagnosed with DCIS may have had undetected foci
of stromal invasion or undetected nodal metastases, which,
if detected, would have resulted in a diagnosis of stage I or
stage II breast cancer. However, previous studies have
found that only 1-2 % of patients with DCIS have lymph
node metastases [21]. Further, it has not been shown that
the presence of micro-invasion in patients with DCIS
impacts on breast cancer mortality [21, 22]. For these
reasons, we do not expect that a small degree of misclas-
sification of DCIS would impact on our results.

There are two possible models to describe the relation-
ship between local recurrence and distant recurrence/death
in women with early-stage breast cancer (Fig. 5). In Model
A, one path leads from the primary tumour to the local (in-
breast) recurrence and a separate (parallel) path leads from
the primary tumour to the distant recurrence. In Model B,
one path leads from the primary tumour to the local
recurrence and a second path in the sequence leads from
the local recurrence to the distant recurrence. According to
Model A, the primary tumour is the source of the metas-
tases (and is ultimately the cause of death), and preventing
the local recurrence does not prevent death. This is the
conventional model for stage I and stage II breast cancers.
According to Model B, the local recurrence is the source of
the metastases and ultimately the cause of death and pre-
venting the local recurrence prevents death. This has been
the conventional model for DCIS until now. We believe
that for both DCIS and invasive breast cancer, the rela-
tionship between local recurrence and distant metastasis is
similar and is better represented by Model A. Many studies
have shown that both for women with DCIS and invasive
breast cancer, prevention of local (in-breast) recurrence
with mastectomy (or radiotherapy) does not prevent death
from breast cancer. In this and other studies, survival after
local recurrence is shown to depend to a great extent on the
prognosis of the primary tumour, which supports the
position that the local recurrence is an indicator of the
presence of metastatic disease and is not the cause [13, 15].

In order for a breast cancer to cause death, it must have the
potential for distant metastasis. It follows logically that the

local recurrence in itself does not metastasize (if it could,
preventing local recurrence would prevent death), and thus
(for both DCIS and invasive breast cancer), the posited
pathway from local recurrence to distant metastasis is illu-
sory; that is, the primary tumour has metastatic potential, but
the local recurrence does not. Although primary invasive
tumours and local invasive recurrences may appear the same
histologically, in this respect they behave differently.

We show here that the ratio of distant metastasis to local
recurrence (an index of metastatic potential) increases with
increasing tumour size. There are two possible explana-
tions for this. Conventional thinking is that cancers
increase in their propensity to metastasize as they enlarge
(i.e. tumour size predicts tumour aggressiveness). An
alternate explanation is that fast-growing cancers are
inherently metastagenic (i.e. tumour aggressiveness pre-
dicts tumour size). If tumour size is a marker of tumour
aggressiveness (like grade or ER status), then the benefits
of early diagnosis are expected to be limited, and screening
to detect smaller and smaller breast cancers will have little
impact on preventing death.

In conclusion, the results of this and previous studies
suggest that local recurrence and distant recurrence are
distinct and separable events—one path leads from the
primary tumour to local recurrence and a parallel path
leads from the primary tumour to distant recurrence. Fac-
tors which predict local recurrence are different from fac-
tors which predict death (although they may overlap). The
discovery of new biomarkers which predict local recur-
rence is not likely to be an effective strategy for reducing
mortality from breast cancer.

Box 1. Salient findings

1. Across stages, there is little correlation between the
rates of local recurrence and the rates of breast cancer
death; the risk of local recurrence is relatively constant
with stage, whereas the risk of breast cancer death
increases sharply with stage

2. The risk of death from breast cancer following local
recurrence increases with the initial stage at diagnosis.
In the absence of a local recurrence, the risk of death
also increases with stage at diagnosis

3. The ratio of distant metastasis to local recurrence
increases with tumour size

4. PR status does not predict local recurrence but is a
strong predictor of mortality

5. Tumour grade and LVI are independent predictors of
both local recurrence and mortality
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Fig. 5 Two models for the
relationship between local
recurrence and distant
recurrence/death in women with
early-stage breast cancer. In
Model A, one pathway leads
from the primary tumour to the .®
local (in-breast) recurrence and
a separate pathway leads from
the primary tumour to distant
recurrence/death (mortality after
distant recurrence approaches
100 %; therefore, the risk of
distant recurrence may be
approximated by the risk of
breast cancer death). In Model
B, one pathway leads from the
primary tumour to the local
recurrence and another pathway
leads from the local recurrence
to distant recurrence/death. If
Model A is correct, preventing
local recurrence does not
prevent death from breast
cancer. If Model B is correct,
preventing local recurrence
prevents death from breast
cancer. The clinical situation for
women with DCIS and early
invasive breast cancer is more
similar to Model A. Since the
prevention of local recurrence
does not prevent death from
breast cancer, it follows that
local recurrence in itself cannot
metastasize/cause death (if it
could, preventing it would
prevent death), and therefore,
the pathway from local
recurrence to distant metastasis/
death does not exist

Model A

If Model A:

Primary tumour
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