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Background: Recent investigations of breast cancer survival in the United States suggest that patients who receive
mastectomy have poorer survival than those who receive breast-conserving surgery (BCS) plus radiotherapy, despite
clinically established equivalence. This study investigates breast cancer survival in the publicly funded health care system
present in Alberta, Canada.
Patients and methods: Surgically treated stage I–III breast cancer cases diagnosed in Alberta from 2002 to 2010 were
included. Demographic, treatment and mortality information were collected from the Alberta Cancer Registry. Unadjusted
overall and breast cancer-specific mortality was assessed using Kaplan–Meier and cumulative incidence curves, respect-
ively. Cox proportional hazards models were used to calculate stage-specific mortality hazard estimates associated with
surgical treatment received.
Results: A total of 14 939 cases of breast cancer (14 633 patients) were included in this study. The unadjusted 5-year
all-cause survival probabilities for patients treated with BCS plus radiotherapy, mastectomy, and BCS alone were 94%
(95% CI 93% to 95%), 83% (95% CI 82% to 84%) and 74% (95% CI 70% to 78%), respectively. Stage II and III patients
who received mastectomy had a higher all-cause (stage II HR = 1.36, 95% CI 1.13–1.48; stage III HR = 1.74, 95% CI
1.24–2.45) and breast cancer-specific (stage II HR = 1.39, 95% CI 1.09–1.76; stage III HR = 1.79, 95% CI 1.21–2.65)
mortality hazard compared with those who received BCS plus radiotherapy, adjusting for patient and clinical characteris-
tics. BCS alone was consistently associated with poor survival.
Conclusions: Stage II and III breast cancer patients diagnosed in Alberta, Canada, who received mastectomy had a
significantly higher all-cause and breast cancer-specific mortality hazard compared with those who received BCS plus
radiotherapy. We suggest greater efforts toward educating and encouraging patients to receive BCS plus radiotherapy
rather than mastectomy when it is medically feasible and appropriate.
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introduction
Randomized clinical trials have suggested survival is equivalent
for women diagnosed with early-stage breast cancer who receive
mastectomy or breast-conserving surgery (BCS) followed by
radiotherapy [1–3]. Results from clinical trials, however, do not
always translate to the population since few cancer patients
enroll in trials and those that do tend to be younger, healthier
and less racially and ethnically diverse than the typical patient
population [4]. The investigation of current breast cancer
patient survival in a population-based context is, therefore, of
interest.

Three recent studies from the United States have reported
better survival with receipt of BCS plus radiotherapy compared
with mastectomy among stage I and II breast cancer patients
[5–7]. This is concerning, for significant variation in the receipt
of BCS has been found within Canada [8]. In Quebec, 64% of
breast cancer patients received BCS from 2007 to 2010 com-
pared with 29% in Newfoundland. In Alberta, where 46% of
patients received BCS, significant variation within the province
has also been reported [9]. Here, we investigate breast cancer
patient survival by surgery received within the publicly funded
health care system present in Alberta, Canada.
The purpose of this study was to assess: (i) the all-cause and

breast cancer-specific survival rates of nonmetastatic breast
cancer patients surgically treated with mastectomy, BCS alone
and BCS plus radiotherapy and (ii) identify the relationship
between several factors, including treatment, with mortality
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among surgically treated breast cancer patients diagnosed in
Alberta, Canada.

methods

study population
The Alberta Cancer Registry was used to identify all stage I, II and III breast
cancer cases (International Classification of Diseases for Oncology (ICD-O-
3) site code c50 [10]) diagnosed in adult women in Alberta from 2002 to
2010 who received breast cancer surgery. Breast cancer cases were excluded
if: (i) the cancer was not the first primary diagnosis in a given breast; (ii) hist-
ology was not consistent with a solid breast tumor, including sarcoma,
lymphoma and hematopoietic tumors and (iii) the patient had another
cancer diagnosis within 6 months before the breast cancer case, as this could
influence treatment and/or survival.

data source and variables
Demographic, clinical and treatment information were obtained from the
Alberta Cancer Registry including: date of diagnosis, age at diagnosis, estro-
gen and progesterone receptor (ER/PR status), cancer stage, tumor size,
nodal status, type of surgery, geographic region in which surgery took place,
receipt of neoadjuvant and adjuvant chemotherapy, receipt of hormone
therapy, receipt of postoperative radiotherapy, date of death, cause of death.
The American Joint Committee on Cancer (AJCC) 5th edition was used to
determine cancer stage for patients diagnosed in years 2002 and 2003, while
the 6th edition was used for years 2004–2010 [11, 12]. Geographic region of
surgery was categorized into the five administrative health zones of Alberta.
The province of Alberta consists of an area of 666 000 km2 and has a popula-
tion of 3.7 million. Approximately 85% of the population is White; the 15%
visible minority population primarily resides in one of the two major cities
[13]. Two zones are urban and suburban in population size and density
(Edmonton and Calgary) and three zones are a combination of suburban,
rural and remote regions (South, Central and North).

Patients diagnosed in 2002 and 2003 who received hormone therapy were
classified as ER/PR positive, while those who did not receive hormone
therapy were classified as ER/PR negative, since ER/PR status was not col-
lected in these years. If ER/PR status was missing in patients diagnosed from
2004 to 2010, the case was assumed to be ER/PR positive (N = 107), since
roughly 75% of breast cancers in North America are ER/PR positive [14].
Sensitivity analyses found that these assumptions did not affect the study
results. Patients with missing tumor size (N = 234) or nodal status (N = 226)
were randomly assigned a value proportionately based on the non-missing
information. The North American Association of Central Cancer Registries
has awarded the Alberta Cancer Registry the highest level of certification in
all years of the study for its high level of completeness and for the timeliness
of data collection and reporting.

statistical analysis
Three treatment categories were defined based on the surgery type and
radiotherapy treatments received: BCS alone, BCS plus adjuvant radiother-
apy and mastectomy. Descriptive statistics were calculated for the demo-
graphic, clinical and treatment characteristics of the breast cancer cases by
treatment category, stratified by cancer stage. Statistical differences were
determined by χ2 and Fisher’s exact tests.

Kaplan–Meier curves were generated to compare overall survival of
patients by treatment category, stratified by cancer stage using the first
cancer case per patient only. Cumulative incidence curves were used to
describe the cumulative mortality from breast cancer-specific deaths, treating
other causes of death as competing risk. Since patient deaths occurring
within 30 days of surgical treatment are likely due to complications, the start

time for the curves was 30 days post-surgery. Deaths before this start time
were excluded. The log-rank and Gray’s test statistics were used to assess dif-
ferences in overall survival and breast cancer-specific survival, respectively.

Cox proportional hazards regression models were fitted to calculate the
adjusted hazard ratios of overall and breast cancer-specific mortality by treat-
ment category, stratified by stage and adjusting for age at diagnosis, geo-
graphic region of surgery, year of diagnosis, ER/PR status and hormone
therapy, neoadjuvant chemotherapy, adjuvant chemotherapy, tumor size
and nodal status. These models were also fitted using 30 days post-surgery as
the start time. Correlation of outcomes for patients with two breast cancer
cases was taken into account through use of the counting process [15]. Wald
test statistics were used to assess hazard ratio differences. Regression models
were also run with the additional stratification of mastectomy patients by
radiotherapy status. The proportional hazards assumption was checked for
all models.

All statistical analyses were carried out using SAS statistical software
version 9.3 (SAS Institute Cary, NC) and R version 3.0.3 (R foundation for
Statistical Computing, Vienna, Austria).

results
There were 15 252 cases (14 933 patients) of stage I, II or III
breast cancer diagnosed in female residents of Alberta, exclud-
ing non-solid tumors and patients who had another cancer
diagnosis within 6 months before the breast cancer case of inter-
est. The following number of cases/patients were excluded for
the following reasons: 294 cases and 281 patients did not receive
surgery; 6 cases/patients had an unknown or other type of
surgery; 13 cases/patients died within 30 days of surgery. The
final cohort, therefore, included 14 939 cases of breast cancer
(14 633 patients). The median follow-up time was 4.2 years.
A total of 1853 (12%) patients died during the study period: 980
(7%) from breast cancer and 873 (6%) from other causes.
Table 1 shows the distribution of demographic, clinical and

treatment characteristics for stage I, II and III breast cancer
cases by treatment category. BCS plus adjuvant radiotherapy
was received by 50% (3652), 32% (1792) and 14% (278) of stage
I, II and III cases, respectively. Younger patients were most
likely to receive BCS plus radiotherapy, while older patients
were more likely to receive mastectomy, regardless of cancer
stage. The proportion of stage I and II cases that received BCS
alone was low in all age categories (1%–7%) except in the most
elderly patients, ≥80 years of age, in which 27% and 15%
received BCS alone, respectively. Cases that received surgery in
one of the two largest urban areas in the province (Edmonton or
Calgary) were more likely to receive BCS plus adjuvant radio-
therapy than those living in a more rural area, regardless of
cancer stage. The region with the highest proportion of mastec-
tomy in all cancer stages was Central Alberta (62%, 77% and
89% for stage I, II and III patients, respectively).
Figures 1 and 2 show Kaplan–Meier and cumulative incidence

curves for all-cause survival and breast cancer-specific mortality,
respectively, by treatment category stratified by tumor stage.
Stage II and III patients who received mastectomy had a greater
risk of all-cause and breast cancer-specific mortality than those
who received BCS plus radiotherapy. BCS alone was consistently
associated with the worst survival. The overall 5-year all-cause
survival probabilities for patients treated with BCS plus radio-
therapy, mastectomy, and BCS alone were 94% (95% CI 93% to
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Table 1. Characteristics of stage I, II and III breast cancer cases that received surgery in Alberta from 2002 to 2010

Stage I Stage II Stage III

BCS
alone,
N (%)a

BCS + adjuvant
radiotherapy,
N (%)a

Mastectomy,
N (%)a

Total, N BCS
alone,
N (%)a

BCS + adjuvant
radiotherapy,
N (%)a

Mastectomy,
N (%)a

Total, N BCS
alone,
N (%)a

BCS + adjuvant
radiotherapy,
N (%)a

Mastectomy,
N (%)a

Total, N

Overall 470 (6) 3652 (50) 3170 (43) 7292 281 (5) 1792 (32) 3613 (64) 5686 54 (3) 278 (14) 1629 (83) 1961
Age at diagnosisb

<50 60 (4) 827 (54) 648 (42) 1535 58 (4) 601 (36) 992 (60) 1651 19 (3) 93 (15) 520 (82) 632
50–59 78 (4) 1109 (58) 712 (37) 1899 64 (4) 525 (37) 847 (59) 1436 7 (1) 95 (19) 411 (80) 513
60–69 79 (4) 988 (53) 788 (42) 1855 38 (3) 395 (34) 722 (63) 1155 9 (2) 58 (15) 308 (82) 375
70–79 98 (7) 608 (42) 729 (51) 1435 37 (4) 212 (24) 628 (72) 877 4 (2) 23 (9) 230 (89) 257
≥80 155 (27) 120 (21) 293 (52) 568 84 (15) 59 (10) 424 (75) 567 15 (8) 9 (5) 160 (87) 184

Geographic region of surgeryb

South 54 (9) 239 (41) 297 (50) 590 33 (7) 114 (23) 351 (70) 498 5 (3) 20 (14) 122 (83) 147
Calgary 156 (6) 1500 (55) 1063 (39) 2719 118 (5) 793 (36) 1276 (58) 2187 26 (3) 113 (15) 612 (81) 751
Central 30 (6) 150 (32) 295 (62) 475 22 (5) 90 (19) 365 (77) 477 3 (2) 14 (9) 142 (89) 159
Edmonton 213 (6) 1665 (51) 1408 (43) 3286 94 (4) 739 (32) 1449 (63) 2282 19 (2) 115 (14) 677 (83) 811
North 17 (8) 98 (44) 107 (48) 222 14 (6) 56 (23) 172 (71) 242 1 (1) 16 (17) 76 (82) 93

Year of diagnosis
2002–2004 129 (6) 1158 (50) 1047 (45) 2334 67 (4) 566 (32) 1143 (64) 1776 8 (2) 78 (15) 442 (84) 528
2005–2007 176 (8) 1159 (49) 1010 (43) 2345 108 (6) 564 (30) 1189 (64) 1861 23 (3) 102 (14) 585 (82) 710
2008–2010 165 (6) 1335 (51) 1113 (43) 2613 106 (5) 662 (32) 1281 (63) 2049 23 (3) 98 (14) 602 (83) 723

ER/PR status
Positive 395 (7) 3061 (50) 2612 (43) 6068 208 (5) 1489 (32) 2916 (63) 4613 46 (3) 222 (15) 1250 (82) 1518
Negative 75 (6) 591 (48) 558 (46) 1224 73 (7) 303 (28) 697 (65) 1073 8 (2) 56 (13) 379 (86) 443

Tumor size
T0 0 (0) 0 (0) 0 (0) 0 1 (10) 0 (0) 9 (90) 10 1 (14) 1 (14) 5 (71) 7
T1 467 (6) 3644 (50) 3157 (43) 7268 76 (5) 635 (39) 920 (56) 1631 15 (4) 117 (34) 213 (62) 345
T2 0 (0) 0 (0) 0 (0) 0 197 (5) 1131 (29) 2542 (66) 3870 21 (3) 125 (17) 596 (80) 742
T3 0 (0) 0 (0) 0 (0) 0 7 (4) 26 (15) 142 (81) 175 5 (1) 18 (4) 467 (95) 490
T4 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 0 12 (3) 17 (5) 348 (92) 377

Nodal status

N0 470 (7) 3651 (51) 3167 (44) 7215 153 (6) 774 (32) 1492 (62) 2419 6 (10) 6 (10) 46 (79) 58
N1 0 (0) 1 (33) 3 (66) 3 128 (4) 1018 (31) 2121 (65) 3267 7 (2) 15 (4) 386 (95) 408
N2 0 (0) 0 (0) 0 (0) 1 0 (0) 0 (0) 0 (0) 0 33 (3) 185 (19) 767 (78) 985
N3 0 (0) 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0) 0 88 (17) 72 (14) 430 (84) 510
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Table 1. Continued

Stage I Stage II Stage III

BCS
alone,
N (%)a

BCS + adjuvant
radiotherapy,
N (%)a

Mastectomy,
N (%)a

Total, N BCS
alone,
N (%)a

BCS + adjuvant
radiotherapy,
N (%)a

Mastectomy,
N (%)a

Total, N BCS
alone,
N (%)a

BCS + adjuvant
radiotherapy,
N (%)a

Mastectomy,
N (%)a

Total, N

Neoadjuvant chemotherapyb

Received 1 (3) 6 (16) 31 (82) 38 7 (2) 60 (21) 222 (77) 289 8 (2) 20 (5) 389 (93) 417
Not received 469 (6) 3646 (50) 3139 (43) 7254 274 (5) 1732 (32) 3391 (63) 5397 46 (3) 258 (17) 1240 (80) 1544

Adjuvant chemotherapyb

Received 30 (2) 668 (52) 587 (46) 1285 74 (2) 1168 (37) 1902 (60) 3144 12 (1) 224 (20) 860 (78) 1096
Not received 440 (7) 2984 (50) 2583 (43) 6007 207 (8) 624 (25) 1711 (67) 2542 42 (5) 54 (6) 769 (89) 865

Hormone therapyb

Received 186 (4) 2379 (53) 1909 (43) 4474 120 (3) 1417 (34) 2594 (63) 4131 25 (2) 215 (16) 1133 (83) 1373
Not received 284 (10) 1273 (45) 1261 (45) 2818 161 (10) 375 (24) 1019 (66) 1555 29 (5) 63 (11) 496 (84) 588

aPercentages are row percentages.
bP value from χ2 test was <0.001.
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95%), 83% (95% CI 82% to 84%) and 74% (95% CI 70% to
78%), respectively. Among stage I, II and III patients, 5-year cu-
mulative incidence of breast cancer-specific death was 1.8%
(95% CI 1.2% to 2.4%), 9.9% (95% CI 8.7% to 11.1%) and 27.1%
(95% CI 24.4% to 29.8%) among those who received mastec-
tomy and 1.9% (95% CI 1.4% to 2.4%), 5.6% (95% CI 4.3% to
6.9%) and 10.2% (95% CI 6.1% to 14.3%) among those who
received BCS plus radiation, respectively.
Adjusted all-cause mortality hazard ratios by cancer stage are

shown in Table 2. Mastectomy was associated with an increased
all-cause mortality hazard (stage I HR = 1.21, 95% CI 1.00–1.48;
stage II HR: 1.36, 95% CI 1.13–1.63; stage III HR: 1.74, 95%
CI 1.24–2.45) compared with those who received BCS plus

radiotherapy. Mastectomy remained associated with increased
all-cause mortality for stage II and III patients after stratifying
patients who received mastectomy by radiotherapy status (supple-
mentary Table S1, available at Annals of Oncology online).
Patients with stage I and II cancers treated with BCS alone had
twice the all-cause mortality hazard as those treated with BCS
plus radiotherapy (stage I HR = 2.39, 95% CI 1.83–3.12; stage II
HR = 1.74, 95% CI 1.30–2.33). All-cause mortality was inversely
associated with later year of diagnosis in all disease stages.
Table 3 provides adjusted breast cancer-specific mortality

hazard ratios by cancer stage. The breast cancer-specific mortal-
ity hazard for patients with stage II and III cancers treated with
mastectomy was significantly increased compared with those
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Figure 1. Kaplan–Meier survival probability by treatment category for stage I (A), II (B) and III (C) breast cancer patients.
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treated with BCS plus radiotherapy (stage II HR = 1.39, 95% CI
1.09–1.76; stage III HR = 1.79, 95% CI 1.21–2.65). Mastectomy
remained associated with increased breast cancer-specific mor-
tality among stage II and III patients after stratifying patients
who received mastectomy by radiotherapy status (supplemen-
tary Table S2, available at Annals of Oncology online). Stage I
and II patients treated with BCS alone also had an increased
hazard of breast cancer-specific death compared with patients
who received BCS plus radiotherapy (stage I HR = 1.82, 95% CI
1.06–3.15; stage II HR = 1.46, 95% CI 0.94–1.94). Breast cancer-
specific mortality was inversely associated with later year of
diagnosis in all stages; however, this association was only signifi-
cant for those with stage II breast cancer.

discussion
In this study, stage II and III breast cancer patients treated with
BCS plus radiotherapy had a decreased hazard of all-cause and
breast cancer-specific mortality compared with those who
received a mastectomy. Three recent studies from the United
States have also reported better survival with receipt of BCS plus
radiotherapy compared with mastectomy among stage I and II
breast cancer patients [5–7]. We believe our study is the first to
investigate and find this survival advantage specifically in stage
III patients. To our knowledge, there have not been any cohort
studies demonstrating a survival advantage of mastectomy over
BCS plus radiotherapy.
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Figure 2. Cumulative breast cancer mortality by treatment category for stage I (A), II (B) and III (C) breast cancer patients.
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Radiotherapy has been deemed an important component of
treatment of many breast cancer patients who receive mastec-
tomy [16, 17]. One-third of the mastectomy patients in the
current study received adjuvant radiotherapy treatment and,
therefore, a potential explanation for the observed survival dis-
parity is the inappropriate lack of post-mastectomy radiotherapy
treatment in some patients. To assess this hypothesis, we ran
additional analyses stratifying the mastectomy patients by radio-
therapy receipt (see supplementary Tables, available at Annals
of Oncology online). Among stage II and III patients who received

mastectomy, the adjusted all-cause and breast cancer-specific sur-
vival was similar in both those that received and did not receive
radiotherapy treatment and significantly worse compared with
those who received BCS plus radiotherapy. This result is consist-
ent with that found by Agarwal et al. [7]. Inappropriate lack of
post-mastectomy radiotherapy, therefore, does not explain the
observed survival difference.
A small proportion of patients of each stage received BCS

without radiotherapy. This may be attributed in part to unclear
advantages of radiotherapy in women greater than 70 years of

Table 2. Adjusteda Cox PH models assessing all-cause mortality by treatment category for stage I, II and III breast cancer patients

Adjusteda hazard ratios (95% CI)

Stage I Stage II Stage III

Treatment category P < 0.001 P < 0.001 P = 0.001
BCS + adjuvant radiotherapy 1.00 1.00 1.00
Mastectomy 1.21 (1.00–1.48) 1.36 (1.13–1.63) 1.74 (1.24–2.45)
BCS 2.39 (1.83–3.12) 1.74 (1.30–2.33) 1.15 (0.60–2.21)

Age at diagnosis P < 0.001 P < 0.001 P = 0.003
<50 1.00 1.00 1.00
50–59 1.48 (1.00–2.19) 1.42 (1.12–1.79) 1.01 (0.78–1.31)
60–69 2.39 (1.64–3.49) 1.49 (1.16–1.92) 0.98 (0.74–1.30)

70–79 5.28 (3.65–7.63) 2.57 (1.96–3.38) 1.33 (0.97–1.84)
≥80 11.72 (7.95–17.29) 4.11 (3.10–5.45) 1.91 (1.34–2.71)

Geographic region of surgery P = 0.10 P = 0.28 P = 0.29
Calgary 1.00 1.00 1.00
South 1.06 (0.77–1.45) 1.27 (1.00–1.60) 0.96 (0.69–1.33)
Central 1.37 (1.00–1.89) 1.05 (0.82–1.35) 1.14 (0.84–1.54)
Edmonton 1.06 (0.87–1.29) 1.09 (0.93–1.29) 0.84 (0.69–1.04)
North 0.53 (0.27–1.05) 1.25 (0.92–1.71) 1.03 (0.68–1.58)

Year of diagnosis P < 0.001 P < 0.001 P = 0.010
2002–2004 1.00 1.00 1.00
2005–2007 0.64 (0.52–0.79) 0.60 (0.50–0.71) 0.90 (0.73–1.12)
2008–2010 0.36 (0.26–0.49) 0.35 (0.26–0.45) 0.61 (0.44–0.84)

ER/PR status and hormone therapy P < 0.001 P < 0.001 P < 0.001
ER/PR positive and received hormone 1.00 1.00 1.00
ER/PR positive and no hormone 1.24 (0.99–1.55) 2.00 (1.58–2.53) 1.91 (1.38–2.65)
ER/PR negative 1.50 (1.22–1.85) 2.32 (1.97–2.72) 2.24 (1.85–2.72)

Neoadjuvant chemotherapy P = 0.95 P = 0.66 P = 0.07
Not received 1.00 1.00 1.00
Received – 0.92 (0.64–1.32) 0.75 (0.55–1.02)

Adjuvant chemotherapy P = 0.02 P < 0.001 P < 0.001
Not received 1.00 1.00 1.00
Received 1.44 (1.05–1.96) 0.64 (0.51–0.79) 0.39 (0.30–0.52)

Tumor size P < 0.001 P = 0.006
T0/T1 – 1.00 1.00
T2 – 2.02 (1.67–2.44) 1.23 (0.93–1.64)
T3 – 1.83 (1.15–2.90) 1.33 (0.96–1.83)
T4 – – 1.79 (1.28–2.52)

Nodal status P < 0.001 P < 0.001
N0 – 1.00 1.00
N1 – 1.78 (1.52–2.09) 1.12 (0.67–1.86)
N2 – – 1.25 (0.75–2.10)
N3 – – 2.20 (1.31–3.70)

aAdjusted for all variables shown in the table.
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age when life expectancy, potential toxicity and comorbidities
are taken in to account [18]. Also, some women may choose to
forgo radiotherapy due to distance to these facilities, thus nega-
tively affecting their survival [19].
Confounding by indication may explain the observed survival

discrepancy, as receipt of mastectomy may be associated with
higher risk patients in practice. We were unable to account for
factors such as tumor-to-breast ratio, tumor aggressiveness, con-
traindications to BCS or radiation therapy or patient socio-
economic status, all of which may be associated with both
receipt of mastectomy and poor survival [5, 20, 21]. Surgeon

and hospital factors may also play a role. Surgeon preferences,
surgeon and hospital volume and hospital teaching status have
been found to be associated with type of surgery and may also
be associated with survival [22–24]. Further investigation into
these factors is merited, as results may have potential for policy
implications.
The use of a population-based data source is a great strength

of this study; investigation of treatments within a nonselected
patient population is valuable in assessing the effect of the treat-
ments within a typical clinical practice environment. Furthermore,
the nature of the publicly funded health care insurance minimizes

Table 3. Adjusteda Cox PH model assessing breast cancer mortality by treatment category for stage I–III breast cancer patients

Adjusteda hazard ratios (95% CI)

Stage I Stage II Stage III

Treatment category P = 0.03 P = 0.04 P < 0.001
BCS + adjuvant radiotherapy 1.00 1.00 1.00
Mastectomy 1.04 (0.74–1.47) 1.39 (1.09–1.76) 1.79 (1.21–2.65)
BCS alone 1.82 (1.06–3.15) 1.46 (0.94–2.28) 0.79 (0.32–1.94)

Age at diagnosis P < 0.001 P < 0.001 P = 0.73
<50 1.00 1.00 1.00
50–59 0.65 (0.38–1.11) 1.33 (1.02–1.75) 0.87 (0.66–1.16)
60–69 1.05 (0.63–1.76) 1.30 (0.96–1.77) 0.92 (0.68–1.24)

70–79 2.11 (1.27–3.49) 1.89 (1.32–2.69) 1.08 (0.75–1.54)
≥80 2.80 (1.49–5.24) 2.34 (1.57–3.47) 1.13 (0.74–1.73)

Geographic region of surgery P = 0.11 P = 0.72 P = 0.29
Calgary 1.00 1.00 1.00
South 1.31 (0.73–2.36) 1.23 (0.89–1.71) 0.88 (0.60–1.29)
Central 1.96 (1.14–3.35) 0.95 (0.67–1.36) 0.92 (0.64–1.32)
Edmonton 1.12 (0.78–1.63) 1.03 (0.83–1.29) 0.77 (0.61–0.97)
North 0.61 (0.19–1.96) 1.14 (0.75–1.73) 0.92 (0.57–1.50)

Year of diagnosis P = 0.16 P < 0.001 P = 0.12
2002–2004 1.00 1.00 1.00
2005–2007 0.82 (0.56–1.19) 0.66 (0.53–0.84) 0.92 (0.72–1.17)
2008–2010 0.58 (0.33–1.03) 0.40 (0.27–0.59) 0.68 (0.47–0.99)

ER/PR status and hormone therapy P < 0.001 P < 0.001 P < 0.001
ER/PR positive and received hormone 1.00 1.00 1.00
ER/PR positive and no hormone 1.32 (0.84–2.08) 1.99 (1.38–2.88) 1.93 (1.31–2.84)
ER/PR negative 2.38 (1.65–3.42) 2.93 (2.38–3.61) 2.49 (2.01–3.10)

Neoadjuvant chemotherapy P = 0.97 P = 0.049 P = 0.33
Not received 1.00 1.00 1.00
Received – 1.52 (1.00–2.30) 0.84 (0.59–1.19)

Adjuvant chemotherapy P = 0.001 P = 0.31 P < 0.001
Not received 1.00 1.00 1.00
Received 2.06 (1.32–3.22) 0.87 (0.65–1.15) 0.42 (0.30–0.58)

Tumor size P < 0.001 P = 0.001
T0/T1 – 1.00 1.00
T2 – 2.37 (1.85–3.05) 1.24 (0.89–1.73)
T3 – 1.74 (0.85–3.56) 1.42 (0.98–2.06)
T4 – – 2.06 (1.40–3.04)

Nodal status P < 0.001 P < 0.001
N0 – 1.00 1.00
N1 – 2.41 (1.93–3.01) 1.77 (0.91–3.46)
N2 – – 1.94 (0.98–3.83)
N3 – – 3.45 (1.74–6.82)

aAdjusted for all variables shown in the table.
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bias that may occur due to variation in access to care and treatment
decisions. We also were able to adjust for all breast cancer treat-
ments received and several important clinical factors. Limitations
not already mentioned include the risk of selection bias introduced
by the retrospective design, as well as the lack of information about
other prognostic factors such as comorbidities, lifestyle factors,
socioeconomic status and race/ethnicity. Other limitations of this
study include the relatively short median follow-up time of 4.2
years and possible differential misclassification of cause of death.

conclusion
To our knowledge, this is the first study to assess the relationship
between type of surgery and survival for early-stage breast
cancer patients in a publicly funded health care system and the
first to report a survival advantage specifically for stage III
patients who receive BCS plus radiotherapy rather than mastec-
tomy. Given the consistent results from several large unselected
population-based studies in both Canada and the United States
favoring BCS plus radiotherapy over mastectomy, and given that
mastectomy is a more invasive procedure with more sequelae
than BCS plus radiotherapy, we suggest greater efforts toward
educating and encouraging women to receive BCS plus radio-
therapy rather than mastectomy when medically feasible and
appropriate.
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