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Abstract:

Background: Surgery is both a common and important component of
breast cancer (BC) treatment. In this article, we provide a pan-Canadian
picture of surgical care for the treatment of BC from 2007 - 2008 to 2009 -
2010.

Methods: Provincial / territorial hospital and day surgery data standardized
by the Canadian Institute for Health Information (CIHI) was used to
assemble a breast cancer surgery cohort. For each woman represented in
the analysis, an index surgical procedure was identified, as were
subsequent surgical procedures that took place within one year.

Results: Among the 57,840 women undergoing breast cancer surgery, the
crude mastectomy rate at one year among women with unilateral invasive
breast cancer (UIBC) was 39%. Adjusted mastectomy rates varied widely
by province (26% to 69%). The rate of re-excision within one year for
women who had breast-conserving surgery (BCS) as their index procedure
was 23% and varied widely by province both in terms of frequency and
type (mastectomy or repeat BCS). Among women who underwent
mastectomy for UIBC, 6% also underwent contralateral prophylactic
mastectomy, and 7% had immediate breast reconstruction following their
surgery. Day surgery was used in 20% of women undergoing mastectomy
and 70% of women undergoing BCS.

Interpretation: Significant interprovincial variation in surgical breast cancer
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care exists in Canada. Further research is needed to better understand
such variation, and continued monitoring should be the cornerstone of
quality initiatives.
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ABSTRACT

Background: Surgery is both a common and important component of breast cancer (BC)
treatment. In this article, we provide a pan-Canadian picture of surgical care for the
treatment of BC from 2007 - 2008 to 2009 - 2010.

Methods: Provincial / territorial hospital and day surgery data standardized by the
Canadian Institute for Health Information (CIHI) was used to assemble a breast cancer
surgery cohort. For each woman represented in the analysis, an index surgical procedure
was identified, as were subsequent surgical procedures that took place within one year.
Results: Among the 57,840 women undergoing breast cancer surgery, the crude
mastectomy rate at one year among women with unilateral invasive breast cancer (UIBC)
was 39%. Adjusted mastectomy rates varied widely by province (26% to 69%). The rate of
re-excision within one year for women who had breast-conserving surgery (BCS) as their
index procedure was 23% and varied widely by province both in terms of frequency and
type (mastectomy or repeat BCS). Among women who underwent mastectomy for UIBC,
6% also underwent contralateral prophylactic mastectomy, and 7% had immediate breast
reconstruction following their surgery. Day surgery was used in 20% of women undergoing
mastectomy and 70% of women undergoing BCS.

Interpretation: Significant interprovincial variation in surgical breast cancer care exists in
Canada. Further research is needed to better understand such variation, and continued

monitoring should be the cornerstone of quality initiatives.
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INTRODUCTION

In Canada in 2012, an estimated 22,700 women were diagnosed with invasive
breast cancer, and 5,100 women died of the disease." In the setting of population-based
screening programs, women are increasingly diagnosed with early-stage breast cancer,
which carries a favourable prognosis following treatment. In the vast majority of cases,
treatment involves surgery.?

Significant improvements in the local management of invasive breast cancer have
occurred over the past three decades. Long-term survival following breast-conserving
surgery (BCS) plus radiotherapy is at least equivalent to mastectomy for early-stage
breast cancer. *® Although local recurrence may be slightly increased, BCS has been
associated with improved quality-of-life outcomes compared with mastectomy.® Some
women have relative or absolute contraindications to breast-conservation therapy, such as
poor tumour / breast ratio, multicentric tumours, or a contraindication to radiation therapy,
and thus undergo mastectomy. In addition, some women who are candidates for BCS
choose to have a mastectomy. Women who undergo mastectomy may undergo a
contralateral prophylactic mastectomy in an effort to reduce the risk of developing
contralateral breast cancer in the future; in an average patient, this risk is estimated to be
6% at 10 years and 12% at 20 years.™®

To date, there have been few published reports of the surgical care provided to
women with breast cancer from a pan-Canadian perspective. Thus, the objective of this
study was to examine, at a population level, the contemporary surgical treatment of
invasive breast cancer in Canada. Specifically, we sought to examine trends in the use of:

BCS and mastectomy, re-excision following BCS, contralateral prophylactic mastectomy
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(CPM), reconstructive surgery after mastectomy, and different sites of breast cancer
surgical care (day surgery or inpatient care). In addition to descriptive trends, we sought to
examine practice pattern variation by province, as well as examine the impact of patient
age, income, and geographic access (as measured by travel time to the nearest radiation
treatment centre).

METHODS

Three databases identified all inpatient and day surgery procedures: Hospital
Morbidity Database, the National Ambulatory Care Reporting System (CIHI), and the
Alberta Ambulatory Care Reporting System (Alberta Health and Wellness). Surgical
treatment for breast cancer was defined as discharges with a most responsible diagnosis
of breast cancer, and a related surgical intervention indicated anywhere on the abstract
(see Appendix A for a list of codes). Inclusion and exclusion criteria are shown in Table 1.

Women'’s first-known (i.e., index) procedures that occurred between fiscal years
2007 - 2008 and 2009 - 2010, and subsequent one-year treatment episodes, were
constructed using record linkage. All patient records were linked deterministically using a
combination of encrypted health card number and birth year. Index procedures were the
first discharge meeting the inclusion / exclusion criteria with no record of surgical treatment
of breast cancer in the past year and no recorded past history of breast cancer.

Laterality of the index breast cancer (left, right or bilateral) was identified using the
diagnostic code recorded for the index hospitalization. Information on the stage of the
cancer was not available from any of the databases used in this study.

Treatment episodes were used to identify final procedure (mastectomy or BCS), re-

excision (either repeat BCS or mastectomy), breast reconstruction, and contralateral
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prophylactic mastectomy (CPM) within a year of the patient’s index procedure (see
Appendix A). The coding of final procedure (BCS vs. mastectomy) was hierarchical. For
example, a woman who underwent BCS as her index procedure, and, within 365 days,
had a mastectomy, was coded as having a mastectomy as the final procedure. Re-
excision was defined as surgery for breast cancer (mastectomy or BCS) following index
BCS that was performed on the same breast and occurred within 365 days of the index
surgery. Breast reconstruction and contralateral prophylactic mastectomy rates were
calculated among women who underwent a mastectomy as their index procedure.

Age group, neighborhood income quintile, and travel time to the closest cancer
centre were specified as co-variates. Age was categorized into approximate quartiles,
using ranges that aligned with existing literature. Neighborhood income quintile was
derived from the postal code recorded on the index discharge. Travel time from patient
residence to the closest radiation facility was derived from the postal code recorded on the
index discharge. Patient residence and cancer centres were geocoded using latitude and
longitude derived from Statistics Canada’s Postal Code Conversion File (PCCF+) Version
5G. Travel time by car to the closest available cancer centre was performed using the
“closest facility” feature of the Network Analyst extension of ESRI's ArcGIS 10 software
program. Designation of province was based on patient’s residence, not location of
surgery. Data from the territories are included in the overall analyses but are not reported
by territory due to small numbers.

A logistic regression model was estimated for the mastectomy rate using all eligible
cases for women in Canada. Residents of Quebec (N=14,930) were excluded because

Quebec does not submit postal code information, as were women from the territories
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(N=113) due to small numbers. Among the remaining provinces, women for whom age,
neighborhood income quintile and / or travel time could not be calculated (N=972) were
excluded. Predicted mastectomy was calculated for each patient using the regression
coefficients, then averaged across each province’s eligible patients to yield a provincial
predicted mastectomy rate. Adjusted mastectomy rates were calculated for each province
using Adjusted Mastectomy Rate = (Crude Mastectomy Rate / Predicted Mastectomy
Rate) x Canada Crude Rate.

All data were collected, held, and analyzed by CIHI staff using SAS 9.2.
RESULTS

Overall, 57,840 women received their index surgery for breast cancer between
2007 - 2008 and 2009 - 2010. The vast majority of these women (56,892, 98%) were
treated for unilateral invasive disease. Given the small number of bilateral cases, results
are reported only for women with unilateral invasive breast cancer (UIBC).
Breast-Conserving Surgery and Mastectomy

Among all patients with UIBC, 18,375 (32%) underwent mastectomy as the initial
surgical procedure. Among the 38,517 patients who initially had BCS, 4,078 (11%)
subsequently underwent a mastectomy within a year of their initial procedure, resulting in
an overall increase in the use of mastectomy from 32% (index) to 39% (final). Significant
variation in index (3%(9)=1519, p<0.0001) and final (x%(9)=1698, p<0.0001) mastectomy
rates was observed between provinces (Table 2). For example, the final mastectomy rate
among women with UIBC ranged from 26% in Quebec to 69% in Newfoundland and

Labrador.
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Mastectomy rates according to age, income, and travel time to radiation therapy
facility are shown in Table 3. A U-shaped distribution was observed, with the highest rates
seen among the youngest and oldest women. A modest decrease in use of mastectomy
was observed, among women within higher income quintiles, while increasing distance
from a radiation facility was associated with higher mastectomy rates.

Given the association of age, neighbourhood income and travel time with
mastectomy rates, adjusted mastectomy rates controlling for these three variables were
calculated for each province (Table 4). Exclusions from the logistic regression had almost
no influence on crude rates for the provinces included in the analysis (Ontario and Nova
Scotia increased by 1%). Relative to crude rates, adjustment slightly reduced the range of
observed mastectomy rates (36%-69%), 35%-61%, respectively); however, interprovincial
variation was still significant following adjustment [;?(8)=738, p<0.0001].

Re-excision Following Initial BCS

Surgical re-excision within one year of index BCS was performed in 8,854 (23%)
women (Table 5). Overall, 4,078 (46%) re-excisions were mastectomies, while 54% were
repeat BCS. In addition to significant variation in the overall re-excision rate among
provinces [3%(9)=399, p<0.0001], the type of re-excision procedure (mastectomy or BCS)
varied significantly between provinces [3%(9)=65, p<0.0001]. For example, the re-excision
rate in Newfoundland was 56%, with 204 (75%) such re-excisions being mastectomies,
whereas in Quebec, the re-excision rate was 17%, with only 813 (40%) re-excisions being

mastectomies.
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Contralateral Prophylactic Mastectomy (CPM), Reconstructive Surgery after
Mastectomy, and Location of Surgical Care (Day Surgery or Inpatient Care)

Among women who underwent a mastectomy as their initial procedure for UIBC
between 2007 - 2008 and 2009 - 2010, 1,066 (6%) underwent CPM within one year.
Overall, 1,571 (9%) women with UIBC undergoing mastectomy had reconstruction within a
year. Among those women who underwent reconstruction, 1,196 (76%) had immediate
reconstruction (7% of all women undergoing index mastectomy). Due to the uncommon
nature of CPM and reconstruction, no interprovincial analyses are presented. Among
women undergoing mastectomy for UIBC, only 20% were performed as a day surgery
procedure. Conversely, most women undergoing BCS (70%) had their procedure
performed as day surgery. The use of day surgery for women undergoing both index BCS
and mastectomy varied significantly by province [y?(9)=617, p<0.0001; *(9)=1504,
p<0.0001; respectively].

INTERPRETATION

This study, a joint effort by the Canadian Institute for Health Information (CIHI) and
the Canadian Partnership Against Cancer (CPAC), is the largest and most comprehensive
examination of breast cancer surgery in Canada to date, and builds on a non-peer
reviewed breast cancer surgery report.”" In addition to describing breast cancer surgery
from a pan-Canadian perspective, this study demonstrated variation in clinical practice
related to surgical breast cancer care, and is an important first step in understanding how
care can be improved.

Significant geographic variation in mastectomy rates has been previously reported

both within and outside Canada.'*'® The choice between mastectomy and BCS is
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complex, but it is clearly influenced by the stage of a woman’s disease at presentation.
Unfortunately, clinicopathologic variables such as tumour size were not available for
analysis, and thus this study cannot clarify the proportion of eligible patients who received
BCS. However, it is unlikely that stage distribution alone accounts for the mastectomy rate,
as recently published analyses demonstrate generally comparable stage distribution
across provinces.™

The choice of breast cancer surgical procedure may be influenced by a woman’s
access to therapeutic interventions, such as radiotherapy in the setting of BCS. Findings

from this study support this hypothesis, >

where women with lengthier travel times to a
radiation facility were significantly more likely to undergo mastectomy. The finding of
relatively high rates of mastectomy among younger women is consistent with the results of
United States population-based studies, where a recent trend has been observed toward
increased mastectomy use among relatively young women living in socio-economically
advantaged neighbourhoods."” Proposed explanations for this include younger women’s
higher cumulative local recurrence, larger mean tumour size (a relative indication for
mastectomy) where screen-detected cancers are far less frequent, and higher prevalence
of BRCA 1 and 2 mutations."”® Aside from biological factors, age may influence
perceptions of risk, the value placed upon body image, and attitudes toward radiation
therapy and breast reconstruction.'®?°

The re-excision rates reported in this study fall within the range reported in
contemporary studies from Canada, the United States, and the United Kingdom;*'*?* most

re-excisions are performed for a positive margin at initial BCS.? Itis possible that some

women may choose mastectomy because of this substantial risk of subsequent surgical
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procedures following BCS.?* Unfortunately, there exists no pan-Canadian standard for
acceptable margins following BCS; provincial differences in the approach to margins may
account for some of the variation in re-excision rate, as has been reported in the United
States.?®

The limited use of CPM in Canada found in this study (6% of all women undergoing
mastectomy for UIBC) is approximately half the rate observed in the United States,®
where there has also been well-documented increased use of CPM over the past 10
years.?>?® While the risk of developing contralateral breast cancer is nearly eliminated
with CPM, it remains unclear whether CPM improves breast cancer-specific survival.?>’
Although small subgroups of women at greater risk of contralateral breast cancer, such as
women with BRCA mutations, may be best served by CPM, evidence suggests that both
patients and surgeons overestimate the risk of developing contralateral breast cancer and
thus the potential benefit of CPM.**** The modest increase in CPM use within Canada
(from 5% in 2007 - 2008 to 7% in 2009 - 2010) should be monitored.

Similarly, this study confirmed previous work>?

suggesting the use of reconstructive
surgery among women with breast cancer in Canada appears to be markedly lower than in
other high-income countries. For example, it is estimated that 24% of U.S. women who
underwent mastectomy for breast cancer from 1999 to 2003 elected to have ipsilateral
breast reconstruction at the same time (immediate reconstruction).*® Whether these
international differences are due to womens’ preferences or to issues related to access®’
cannot be determined by these analyses. The delayed reconstruction rates identified in

this study were limited to one year, which most likely markedly underestimates the true

use of delayed reconstruction.
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Less invasive surgery (e.g., BCS, adoption of sentinel node biopsy), improved
surgical care, and cost-containment efforts have led to shorter hospital stays for breast
cancer surgery.***! From a historical perspective, a woman hospitalized in 1981 for breast
cancer surgery in Canada was discharged after 15 days whereas by 2000, the average
length of stay had dropped to 4.5 days.*? Current findings reveal a further shortening of
hospitalization.

The use of day surgery for breast cancer surgery varied across Canada. Findings of
relatively high use of day surgery in Ontario reported here are comparable with findings
from a study of the use of day surgery in Ontario, where more than half (52%) of women
undergoing surgery for invasive breast cancer in 2003 - 2004 had day surgery.?

Major strengths of this study include its ability to examine Canadian breast cancer
surgery in a population-based fashion over a contemporary time period. However, the
study does have some limitations. A lack of several important clinically-derived variables,
such as stage, limits their inclusion in explanatory analyses. Similarly, association of
practice pattern variation with eventual cancer-related outcomes, such as recurrence and
survival, was not possible. From a methodologic perspective, it is possible that some of
the specific procedure codes related to BCS (see Appendix A) may in fact have
represented diagnostic excisional biopsies, and not therapeutic-intent BCS. This issue has
been identified previously*® and has the potential to result in an underestimation of true
‘index” mastectomy rates and / or overestimation of true re-excision rates. Thus, provincial
variation in the use of excisional biopsy rather than a less invasive core biopsy to make a
breast cancer diagnosis may partially account for differences in “initial” mastectomy rates,

as well as subsequent re-excision rates. However, it is important to consider that over the
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time period of this study (2006 - 2009), open excisional biopsy was not generally
recommended as an initial diagnostic procedure for breast cancer, as core needle biopsy
procedures are less invasive, are associated with fewer complications, reduce the need for
re-excisions, and are less costly.***° Indeed, the use of core needle biopsy instead of
open excisional biopsy is widely regarded as an indicator of quality breast cancer care.*°
CONCLUSION

Breast cancer surgery in Canada can be described in a population based fashion.
Significant interprovincial variation in surgical breast cancer care exists in Canada.
Further research is needed to better understand such variations and their impact on
outcome, as well as to inform potential quality initiatives. Continued pan-Canadian
monitoring is important to evaluate the impact of such initiatives, and provide a national
lens to this common disease and treatment.
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Appendix A: Surgical and Diagnostic Codes

Table A1: Breast Cancer as Diagnosis Type (Most Responsible) and Procedure

Diagnostic codes

ICD-10-CA

©CoO~NOUTA,WNPE

Invasive Breast Cancer

C50.00, C50.01, C50.09, C50.10, C50.11, C50.19, C50.20,
C50.21, C50.29, C50.30, C50.31, C50.39, C50.40, C50.41,
C50.49, C50.50, C50.51, C50.59, C50.60, C50.61, C50.69,
C50.80, C50.81, C50.89, C50.90, C50.91, C50.99

Procedure codes

ICD-10-CA

Mastectomy

1.YM.89-1.YM.92

Breast-Conserving
Surgery

1.YM.87, 1.YM.88

Table A2: Prophylactic Mastectomy

ICD-10-CA Note

Z40.00 Flag Z85.3 (coding is optional)

Table A3: Reconstruction

ICD-10-CA Note

Immediate (if Index)

[1.YM.88,
1.YM.90, 1.YM.92]

Delayed (if Not Index)

7421 Flag Z85.3 (coding is optional)
or

[1.YM.88,
1.YM.90, 1.YM.92]

For Peer Review Only
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Table 1: Inclusion and Exclusion Criteria

Page 16 of 26

Inclusion Criteria

Gender = female
Age =218 years
Discharged from acute care or day surgery facility

Breast cancer surgical intervention coded anywhere in the abstract and location
attribute in right, left, bilateral

Breast cancer diagnosis code coded as most responsible diagnosis (MRDXx)

Exclusion Criteria

Potential duplicate records removed from analysis
Invalid Health Card Number

Health Card Province Code = CA

Invalid postal code

Procedures coded as abandoned

Newborns, stillbirths and cadaveric donors

Invalid episode date

For Peer Review Only
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Table 2: Mastectomy and BCS Among Women With Unilateral Invasive Breast Cancer,
Index Versus Final Procedure

Index Procedure

B.C. Alta. Sask. Man. Ont. Que. N.B. N.S. P.E.l. N.L. Canada
BCS 4,877 | 2,490 790 1,396 | 14,738 | 11,792 | 837 | 928 | 133 | 481 38,517
Mastectomy 2,596 | 2,482 896 607 6,719 | 3,138 521 843 | 107 | 406 18,375
Total 7,473 | 4,972 | 1,686 | 2,003 | 21,457 | 14,930 | 1,358 |1,771| 240 887 56,892
Index
Mastectomy 35 50 53 30 31 21 38 48 45 46 32
Rate (%)
95% ClI 336- | 485- | 50.7-|28.2-| 30.6- | 20.3- | 35.7-|452-|38.2-{424-| 319-
35.8 51.3 555 32.3 31.9 21.6 40.9 | 49.9 | 50.8 | 49.0 32.6
Final Procedure
B.C. Alta. Sask. Man. Ont. Que. N.B. N.S. P.EIl. N.L. Canada
BCS 4,040 | 2,204 592 1,282 | 13,413 | 10,979 | 719 | 794 | 100 | 277 34,439
Mastectomy 3,433 | 2,767 | 1,094 | 721 8,045 | 3,951 639 | 977 | 141 609 22,453
Total 7,473 | 4971 | 1,686 | 2,003 | 21,458 | 14,930 | 1,358 |1,771| 241 886 56,892
Final 46 56 65 36 37 26 47 55 59 69 39
Mastectomy
Rate (%)
95% ClI 448- | 54.2- | 626- | 33.8-| 36.8- | 25.7- | 44.3-|528-/52.2-|656-| 39.0-
47.0 57.0 67.1 38.0 38.1 27.1 497 | 574 | 64.7 | 71.7 39.8

Note: Small differences between the totals for the index and final procedures for selected

provinces are due to women moving to another province during the treatment period.
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Table 3: Association of Demographic Factors Associated with Mastectomy Rates

N (%) | Mastectomy |Adjusted 95% CI
Rate Odds
Ratio
Travel Time 0-39 2,4161 40% Reference Reference
(minutes) (59%)
40-89 7,884 46% 1.3 1.2-1.4
(19%)
90-179 5,131 52% 1.6 1.5-1.7
(13%)
180+ 3,699 57% 1.9 1.8-2.0
(9%)
Age Group 18-49 8,708 48% Reference Reference
(years) (21%)
50-59 10,165 40% 0.7 0.66-0.74
(25%)
60-69 10,346 40% 0.7 0.65-0.73
(25%)
70+ 11,656 48% 1.0 0.92-1.03
(29%)
Neighbourhood| 1 (Least 6,273 49% 1.3 1.2-1.4
Income Affluent) (15%)
Quintile
2 7,620 47% 1.2 1.1-1.3
(19%)
3 8,216 45% 1.1 1.1-1.2
(20%)
4 8,912 43% 1.1 1.0-1.2
(22%)
5 (Most 9854 39% Reference Reference
Affluent) (24%)
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Table 4: Crude and Adjusted Final Mastectomy Rates Among Women With Unilateral
Invasive Breast Cancer, by Province, 2007-2008 to 2009-2010

B.C. | Alta. | Sask. | Man. | Ont. N.B. N.S. | P.E.l. | N.L. |Canada*
BCS 3,857 | 2,161 | 574 | 1,247 [ 13,180 | 712 768 98 262 22,859
Mastectomy 3,279 | 2,724 | 1,076 | 712 | 7,920 | 626 965 140 574 18,016
Total 7,136 | 4,885 | 1,650 | 1,959 [ 21,100 | 1,338 | 1,733 | 238 836 40,875
Crude Mastectomy
Rate (%) 46 56 65 36 38 47 56 59 69 44
Adjusted Mastectomy |, | 55 | g9 | 35 | 39 | 41 | 52 | 56 | 6f
Rate (%)

Notes: *Canada excluding Quebec, Yukon, Northwest Territories, and Nunavut (see

Methods).

Crude rates in this table differ from those presented in Table 2 due to exclusions from the

logistic regression.

Table 5: Rates of Re-Excision Among Women Who Underwent BCS for Invasive Breast

Cancer as Their Index Procedure, by Province, 2007-2008 to 2009-2010

B.C. | Alta. |Sask.| Man. | Ont. Que. [ N.B. | N.S. | P.E.l. | N.L. [Canada
Re-excisions
BCS 995 229 176 46 1,756 | 1,237 | 137 109 19 67 4,776
Mastectomy 837 286 114 198 | 1,325 813 118 134 33 204 4,078
Total 1,832 | 515 290 244 | 3,081 | 2,050 | 255 243 52 271 8,854
Index BCS 4877 | 2,490 | 790 | 1,396 {14,738 11,792 | 837 928 133 481 38,517
Re-excision
Rate (%) 38 21 37 17 21 17 30 26 39 56 23
18
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Table 6: Location for Surgery (index procedure) among Women With Unilateral Breast

Cancer, by Procedure and Province, 2007-2008 to 2009-2010

B.C. | Alta. |[Sask.*| Man. | Ont. | Que. | N.B. | N.S. |P.E.l.*| N.L. | Canada
Index BCS
Day Surgery 3,108 | 1,104 | 462 | 1,026 |11,973| 7,715 | 544 | 626 55 | 414 | 27,053
Inpatient 1,769 | 1,386 | 328 | 370 | 2,765 | 4,077 | 293 | 302 78 67 | 11,464
Total 4,877 | 2,490 | 790 | 1,396 |14,738| 11,792 | 837 | 928 | 133 | 481 | 38,517
Index Mastectomy
Day Surgery 169 35 <5 134 | 2,203 | 784 135 | 114 | <5* 32 3,609
Inpatient 2,427 | 2,447 | 893 | 473 | 4,516 | 2,354 | 386 | 729 | 107 | 374 | 14,766
Total 2,596 | 2,482 | 896 | 607 |6,719| 3,138 | 521 | 843 | 107 | 406 | 18,375
Note: *Data suppressed due to small cell size.
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