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ABSTRACT

Background Breast-conserving surgery (8cs) and radiation therapy (rt) are the standard of care for early breast
cancer, although some women receive ipsilateral mastectomy or adjuvant tamoxifen, both of which can be appropriate
alternatives to RT. Objectives of the present study were to determine the proportion of women who are treated
appropriately after Bcs and to identify factors associated with non-receipt of rT.

Methods This retrospective cohort study used Ontario data linked at the Institute for Clinical and Evaluative
Sciences to examine 33,718 patients who received Bcs during 2004-2010. Primary outcome was RT receipt. The
ipsilateral mastectomy rate and patient, surgeon, and setting variables were measured.

Results Of the study patients, 86.1% received either rRT or completion mastectomy; in the cohort less than 70 years
of age, 90.8% received RT or completion mastectomy. Among patients less than 70 years of age, 3 risk factors for non-
receipt of RT were identified: age less than 46 years, treatment in a non-academic institution, and earlier year of initial
Bcs. Additionally, in the overall cohort, RT non-receipt was associated with high comorbidity, more than 40 km to the
cancer centre, income quintile, and breast care specialization.

Conclusions InOntario, 90.8% of patients less than 70 years of age are appropriately treated for early breast cancer;
approximately 1 in 10 do not receive RT or completion mastectomy. Based on those findings, women less than 46
years of age might be at increased risk of recurrence and death because of incomplete treatment. It also appears
that academic centres more effectively treat breast cancer; however, breast cancer care appears to be improving

over time in Ontario.
Key Words Radiation, breast cancer, surgery

Curr Oncol. 2018 Dec;25(6):e545-e552

www.current-oncology.com

INTRODUCTION

Breast-conserving therapy consists of breast-conserving
surgery (Bcs), wherein the primary tumour is excised,
retaining a reasonable breast volume and shape, followed
by adjuvant radiotherapy (rT). Breast-conserving therapy
for early-stage breast cancer has been shown in long-term
multicentre trials (level 1 evidence) to be equivalent to mas-
tectomy in terms of survival'~%, With Bcs alone (without
RrT), therisk ofipsilateral recurrenceisincreased by a factor
of 31; therefore, for most patients, the use of rr after Bcs is
imperative if breast-conserving therapy is to be considered
a standard of care for nonmetastatic breast cancer!2.
Despite clear guidelines, use of RT after Bcs varies
widely from 66% to 99%, based on Canadian and U.S.

data'®>!4, Several studies have examined Rt uptake after
BCs; however, those studies did not take into account two
appropriate alternatives to adjuvant rt: ipsilateral (“com-
pletion”) mastectomy, or adjuvant tamoxifen for patients
more than 70 years of age to reduce the local recurrence
risk!®. Completion mastectomy might be chosen after
an initial Bcs because of a positive resection margin or
discovery of further disease. In addition, some patients
might elect mastectomy upon consultation with a radia-
tion oncologist. When a patient undergoes mastectomy,
adjuvant radiation might no longer be beneficial. A study
published in 2004 established that, for patients 70 years
of age and older, Bcs with adjuvant tamoxifen therapy
alone is acceptable treatment for early-stage breast can-
cer®. Patients who have received adjuvant rt, completion
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mastectomy, or tamoxifen therapy (older patients with
low-risk early-stage cancers) should all be considered to
have been appropriately treated.

Several studies have examined factors associated with
receipt of Rt after Bcs. Many of the associations reported
by those studies are contradictory, which could indicate
that the relevant factors are population-dependent. The
factors most commonly associated (whether positively
or negatively) with rt receipt include age, comorbidity
burden, treatment at an academic centre, and residence in
a rural location!®16-20, Many other factors have been less
consistently associated with RT receipt in some smaller
studies, including clinical stage or grade, tumour size,
nodal or estrogen receptor status, presence of in situ dis-
ease, non-receipt of concurrent chemotherapy, relationship
status, and ethnicity'316-20,

Alarge-scale Canadian study that includes consider-
ation of alternative treatment plans after Bcs, includingRr,
hormonal therapy, and completion mastectomy is needed.
Differences between the U.S. and Canadian systems limit
the generalizability of U.S. studies to the early-stage pop-
ulation, in particular because health insurance status is
often cited as a major factor in Rt receipt'®1621. To under-
stand barriers limiting access to appropriate treatment,
the objectives of the present study were to determine the
proportion of women with breast cancer who receive RT or
completion mastectomy after Bcs compared with all those
who undergo Bcs, and to identify patient, procedure, and
surgeon factors associated with failure to receive rt after
Bcs. Given that prescription drug data for women less than
65 years of age in Ontario with drug plans are not compre-
hensive for our study period, and given that many studies
have demonstrated poor compliance with hormonal ther-
apy when prescribed, we chose not to address tamoxifen
use as an alternative to rt in this study.

METHODS

Study Setting and Design
Residents of the province of Ontario (2017 population:
14.19 million)?? have access to universal health care, and
their interactions with hospital and physician services are
recorded in administrative databases. Relevant datasets
were linked using unique encoded identifiers and were an-
alyzed at the Institute for Clinical Evaluative Sciences (ICES)
Western site. All reporting follows the RECOrD (Reporting
of Studies Conducted Using Observational Routinely-
Collected Health Data) statement (supplementary Table 1).
Our retrospective cohort study included all patients
with a new diagnosis of breast cancer (Ontario Cancer
Registry) who underwent Bcs in Ontario between 1 April
2004 and 31 March 2010 in the initial cohort. The definition
of Bcs was a hospital procedure code for breast lumpecto-
my concurrent with an onip (Ontario Health Insurance
Program) physician billing code for Bcs. To accommodate
for patients given neoadjuvant chemotherapy, patients
were included in the cohort if they underwent surgery
(oH1p physician billing code and Canadian Classification
of Health Interventions procedure code within 2 days of
each other) within 12 months of diagnosis. To capture data
for physician-specific covariates, we limited our cohort

to patients with both a Canadian Classification of Health
Interventions and an oHrP code. In a stepwise manner,
these exclusion criteria were applied: male sex; age less
than 16 years or greater than 105 years; non-Ontario resi-
dence; no physician billing record for Bcs within 2 days of
the procedure date; breast cancer diagnosis more than 1
year before Bcs; Hodgkin lymphoma (the mostlikely cause
for non-breast rt to the chest); previous lumpectomy or
mastectomy (to exclude patients likely to have previously
been irradiated); history of lupus, scleroderma, or derma-
tomyositis (relative contraindications to radiation); prior
rT; and unknown laterality (for index Bcs). Figure 1 shows
the cohort build, and a complete list of the codes used can
be found in supplementary Table 2. Table 1 shows baseline
variables for the final cohort.

Data Sources

Data were obtained from 7 linked Ontario databases: the
Discharge Abstract Database and Same Day Surgery data-
base maintained by the Canadian Institute for Health In-
formation (ciu1), the National Ambulatory Care Reporting
System database, the oH1P claims database, the Registered
Persons Database, the 1ces physician database, and the
Ontario Cancer Registry. For details, see supplementary
Table 3.

Outcomes

The primary outcomes for the study were evidence of RT
consultation (using onrp billing codes for rT consultation)
and Rt receipt (using oH1P billing codes for rRT planning),
within 1 year of Bcs (to include patients requiring ad-
juvant chemotherapy before rT). Secondary outcomes
included repeat Bcs or completion mastectomy on the
ipsilateral side. “Completion mastectomy” was defined as
amastectomy performed within 1 year after aninitial Bcs
(presumed to have been done for the same indication). A
completion mastectomy is typically done when the ini-
tial Bcs was unable to achieve negative margins or when
the patient is found to be a carrier of a hereditary breast
cancer (BRCA) gene mutation. The time window of 1 year

Initial Cohort
n=33,718
Exclusions:
* Missing sex or date of birth NR
* Male 109
o Age less than 16 NR
* Not an Ontario resident 0
* No matching OHIP record 2,559
» Previous breast cancer diagnosis 3,175
¢ Hodgkin lymphoma 29
o Prior lumpectomy or mastectomy 3,686
* Lupus, scleroderma, or 99
dermatomyositis
¢ Previous radiotherapy 1,980
¢ Unknown laterality 49
Final Cohort
n =22,032

FIGURE 1 Cohort creation. Suppressed values (NR) are added to the
next reportable field. OHIP = Ontario Health Insurance Plan.
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allowed for completion of adjuvant chemotherapy before
further surgery.

TABLE I Baseline characteristics of the study cohort

Characteristic Value
Patients (n) 22,032
Age (years)
Mean 59.6+13.1
Median 59.0
IQR 50.0-69.0
Rural residence [n (%)] 2684 (12.2)
Income quintile [n (%)]
Missing 70(0.3)
Quintile 1 3,700 (16.8)
Quintile 2 4,199 (19.1)
Quintile 3 4,351 (19.7)
Quintile 4 4,767 (21.6)
Quintile 5 4,945 (22.4)
Resource utilization band [n (%)]
Low 10,217 (46.4)
Moderate 7,695 (34.9)
High 4,120 (18.7)
Nearest cancer centre (km)
Mean 31.1+£57.9
Median 17.4
IQR 5.0-27.6
Time from diagnosis to lumpectomy (days)
Mean 28.6+£31.3
Median 25.0
IQR 11.0-38.0
Laterality [n (%)]
Bilateral 302 (1.4)
Left 10,958 (49.7)
Right 10,772 (48.9)
Teaching hospital [n (%)] 5,042 (22.9)
Prior RT consultation [n (%)] 69 (0.3)
Fiscal year [n (%)]
2004 3,400 (15.4)
2005 3,693 (16.8)
2006 3,818 (17.3)
2007 3,687 (16.7)
2008 3,642 (16.5)
2009 3,792 (17.2)
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Patient, Surgeon, and Treatment Variables

Patient variablesincluded age, rural residence (“rurality”),
socioeconomic status (estimated using neighbourhood in-
come quintile), expected resource utilization (an estimate
of comorbidity), distance from home to the nearest cancer
centre, time from cancer diagnosis to surgery, and surgery
laterality (right vs. left Bcs). Stage was a desired variable to
confirm that most patients in this cohort had early-stage
disease, for which Bcs followed by radiation is most typ-
ically offered as the standard of care; however, staging
information was available for only 51% of the patients and
for only a portion of the study period. Of the patients for
whom stage was available, 91% had early-stage disease
(stage 0, 1, or 11), suggesting that the overall cohort repre-
sented our desired patient population. Our cohort reflected
the clinical reality that a small number of patients seen at
surgical consultation with clinically early disease end up
having more nodal involvement than expected or distant
metastases on imaging, resulting in upstaging.

We determined patient comorbidity using the Johns
Hopkins Adjusted Clinical Groups system score (version 10:
used with permission)?3. This method of case-mix group-
ing captures all morbidities for which a patient receives
care during a defined period—in this case, 2 years before
the procedure date. The Adjusted Clinical Groups can be
collapsed into 6 resource utilization bands (RuBs) on the
basis of expected use of health care resources. In the pres-
ent study, we used the Discharge Abstract Database, the
Same Day Surgery database, the National Ambulatory Care
Reporting System, and oHIp databases to calculate RuBs,
which were summarized as a 3-point ordinal variable: 1 =
low (RUB 0-3), 2 = moderate (RUB 4) and 3 = high (ruB 5).

Surgeon variables included age, sex, and breast
specialization. Breast specialization was calculated as a
continuous variable, determined by dividing the num-
ber of breast-related consultations by the total number
of consultations conducted by the surgeon during the
fiscal year in question, reflecting the proportion of all
patient referrals to a given surgeon that were specifically
breast-focused in nature. Treatment variables included
setting of the surgery (teaching vs. community hospital),
and fiscal year of the surgery.

Statistical Analysis

Log binomial regression was used to find associations
between predictor variables and rRT planning, with results
reported as relative risk (Rr) with 95% confidence interval
(c1). Potential predictor variables included patient age,
income quintile, patient comorbidity (ruB), rurality, dis-
tance to cancer centre, surgeon age, breast specialization,
hospital setting, and fiscal year. Generalized estimating
equations were used to account for the clustering of
patients within physicians and hospitals. The linearity
of continuous predictors was assessed using restricted
cubic splines?%. Continuous variables that demonstrated
anonlinear association with the dependent variable were
categorized before modelling. A subgroup analysis using
the same methodology was also conducted to investigate
predictors of RT planning in patients less than 70 years of
age, because older patients could have other reasons for
notreceiving RT, such as competing comorbidities or use of
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tamoxifen not captured in the current study. All analyses
were conducted using the SAS software application (ver-
sion 9.3, PROC GENMOD: SAS Institute, Cary, NC, U.S.A.).

Ethics Approval
The study was approved by the Sunnybrook Health Scienc-
es Centre Research Ethics Board.

RESULTS

The initial cohort size was 33,718 patients. After the ex-
clusion criteria were applied, the total number of patients
included was 22,032.

The proportions of patients attending a RT consulta-
tion, receiving RT, and receiving RT or completion mas-
tectomy are shown in Table 11, overall and by age (<70 or
>70 years). Of the 22,032 patients included in the cohort,
18,976 patients (86.1%) received either rT or completion
mastectomy. Of the 16,734 patients less than 70 years of age,
15,201 (90.8%) received RT or completion mastectomy, and
of the 5294 patients 70 years of age and older, 3772 (71.3%)
received either RT or completion mastectomy. Table 11 also
shows data for the cohort by age decade, demonstrating
that the lowest rate of treatment in patients less than 70
years of age occurred in the youngest group (<30 years).

Table 111 shows results of the analysis for risk factors
associated with rt for the cohort overall and for patients less
than 70 years of age (Table 1v shows quintile information).
The rRs obtained represent the risk of not receiving Rrr,
which we considered to be incomplete treatment. Patients
were considered to have been incompletely treated if they
received surgery but not adjuvant rt. (Note that the term
“incomplete treatment” is not meant to be areflection of the
clinical appropriateness or adequacy of the treatment plan.)

Patient age was significantly associated with RT re-
ceipt in both groups. The patients less than 70 years of
age who were least likely to receive incomplete treatment
were those between 46 and 56 years of age (quintile 2 Rr:

TABLE Il Radiotherapy outcomes

0.82; p = 0.0002; quintile 3 rr: 0.81; p = 0.0001). Patients
less than 46 years of age (quintile 1) and 63-70 years of age
(quintile 5) received rRT at approximately the same rate (RR:
0.96; p=0.395).

Compared with patients treated in community hos-
pitals, those treated in academic hospitals were less likely
to be incompletely treated in both the overall cohort (rR:
0.86; p = 0.013) and in the group less than 70 years of age
(rR:0.82; p=0.008). Both groups showed a decreased risk of
incomplete treatment over time (overall cohortrr: 0.84; p=
0.001; patients less than 70 years of age rr: 0.83; p=0.009).

Further associations were found in the overall cohort,
but not for patients less than 70 years of age (Table 111).
Incomplete treatment was more likely for patients with a
high comorbidity burden than for those with few or no co-
morbidities (RRr: 1.22; p<0.0001). It was also more likely for
patients who lived more than 40 km from the cancer centre
than for those living closer than 40 km (rr: 1.11; p = 0.037).
Patient income quintile was significantly associated with
RT receipt such that incomplete treatment was less likely
for those in the highest income quintile than for those in
the lowest income quintile (Rr: 0.90; p = 0.013). Patients
were also atincreased risk of notreceiving rrif the surgeon
who performed the Bcs was in the lowest quintile of breast
specialization.

DISCUSSION

Patients who undergo Bcs usually require adjuvant rT. We
considered two methods of evaluating patient involve-
ment with rt after Bcs for breast cancer: whether patients
received a consultation with a radiation oncologist, and
whether patients received rT, as evidenced by rT planning.

To more accurately identify the proportion of women
with breast cancer having Bcs without adjuvant rt, we
were interested in capturing those who had received RT or
completion mastectomy after Bcs. Overall, 17,358 patients
in the cohort (78.79%) received RT, and an additional 1618

Age group Pts Outcome [n (%)]
® Consultation Planning Planning or mastectomy
Overall 22,032 19,334 (87.75) 17,358 (78.79) 18,976 (86.13)
<70 Years 16,736 15,215 (90.91) 13,950 (83.35) 15,203 (90.84)
>70 Years 5,296 4,119 (77.78) 3,408 (64.35) 3,773 (71.24)
<30 Years 105 96 (91.43) 80 (76.19) 93 (88.57)
30-39 Years 989 891 (90.09) 793 (80.18) 893 (90.29)
40-49 Years 4,265 3,843 (90.11) 3,545 (83.12) 3,912 (91.72)
50-59 Years 5,981 5,495 (91.87) 5,087 (85.05) 5,495 (91.87)
60-69 Years 5,396 4,890 (90.62) 4,445 (82.38) 4,810 (89.14)
70-79 Years 3,575 3,080 (86.15) 2,680 (74.97) 2,955 (82.66)
80-89 Years 1,511 993 (65.72) 712 (47.12) 800 (52.95)
>90 Years 210 46 (21.9) 16 (7.62) 17-21 (8-10)

Pts = patients.
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patients (7.34%) underwent completion mastectomy. Giv-
en guidelines to support the use of adjuvant tamoxifen
instead of radiation for estrogen receptor—positive cancers
in women more than 70 years of age, we also looked at the

TABLE 1l Results from log binomial regression predicting failure to receive radiotherapy planning within 1 year of lumpectomy

APPROPRIATE TREATMENT RECEIPT AFTER BCS, Guidolin et al.

subset of patients in our cohort who were less than 70 years
of age (for whom radiation would be considered standard
of care). Of the 16,734 patients less than 70 years of age,
15,201 had rt planning or mastectomy; 90.8% of patients

Parameter and comparator

All patients (n=22,032)

Patients <70 years of age (n=16,734)

Estimate 95% CI p Estimate 95% CI p
Value Value
Lower Upper Lower Upper

Patient age quintile?

2vs. 1 0.873 0.796 0.959 0.0043 0.820 0.739 0.910 0.0002

3vs. 1 0.899 0.813 0.993 0.0354 0.809 0.727 0.901 0.0001

4vs. 1 1.047 0.949 1.154 0.3592 0.886 0.794 0.987 0.0285

5vs. 1 2.124 1.941 2.325 <0.0001 0.957 0.864 1.060 0.3952
Income quintile?

2vs. 1 0.942 0.863 1.027 0.1763 1.024 0.909 1.153 0.6987

3vs. 1 0.965 0.884 1.053 0.4272 0.956 0.845 1.082 0.4776

4vs. 1 0.931 0.860 1.007 0.0756 0.914 0.814 1.025 0.1251

5vs. 1 0.901 0.830 0.978 0.0129 0.911 0.811 1.023 0.1155
Resource utilization band

2vs. 1 1.044 0.985 1.107 0.1471 0.992 0.919 1.071 0.8386

3vs. 1 1.222 1.146 1.303 <0.0001 1.062 0.961 1.174 0.2377
Rural

Yes vs. no 1.045 0.940 1.163 0.4128 1.083 0.947 1.238 0.2463
Distance

<40 km vs. >40 km 1.110 1.007 1.224 0.0365 1.116 0.991 1.256 0.0694
Surgeon age quintile?

2vs. 1 0.987 0.896 1.088 0.7982 0.929 0.825 1.045 0.2199

3vs. 1 1.036 0.927 1.158 0.5331 0.960 0.835 1.105 0.5696

4vs. 1 1.021 0.923 1.130 0.6875 0.969 0.857 1.095 0.6095

5vs. 1 1.093 0.983 1.215 0.1012 1.045 0.906 1.205 0.5460
Breast devotion quintile?

2vs. 1 0.934 0.844 1.034 0.1858 0.955 0.835 1.092 0.4997

3vs. 1 0.879 0.783 0.986 0.0273 0.878 0.756 1.019 0.0858

4vs. 1 0.858 0.756 0.973 0.017 0.973 0.838 1.129 0.7151

5vs. 1 0.846 0.728 0.984 0.0295 0.933 0.761 1.144 0.5052
Teaching hospital (yes vs. no) 0.861 0.766 0.968 0.0125 0.817 0.702 0.949 0.0084
Fiscal year

2005 vs. 2004 1.030 0.948 1.120 0.4817 0.982 0.869 1.110 0.7749

2006 vs. 2004 0.951 0.872 1.037 0.2595 0.942 0.835 1.064 0.3365

2007 vs. 2004 0.906 0.824 0.997 0.044 0.956 0.845 1.082 0.4779

2008 vs. 2004 0.859 0.783 0.942 0.0012 0.874 0.769 0.993 0.0392

2009 vs. 2004 0.839 0.756 0.931 0.0009 0.827 0.718 0.954 0.0090

@ SeeTable IV for quintile specifications.
The number of breast-related billing codes (consults, procedures, etc.) as a proportion of the total number of billing codes used by an individual

surgeon.
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TABLE IV Quintile specifications

Variable Quintile
1 2 3 4 5
Age (years) <48 48-54 55-62 63-71 <72
Surgeon age (years) <40 40-45 46-50 51-56 <57
Breast specialization? (%) <6.57 6.57-13.01 13.02-23.54 23.55-42.24 <42.25
Age <70 years (years) <46 46-51 52-56 57-62 <63
Age =70 years (years) <72 72-74 75-77 78-81 <81

a

surgeon.

with early-stage breast cancer can therefore be considered
to have been treated appropriately.

Although that percentage is high, when the high preva-
lence of breast cancer is considered, our results suggest that
almost 10% of patients are not receiving standard-of-care
therapy, which puts them at significantly increased risk of
recurrence!l. The issue is one of health care resource use,
inthatan expenseis attached to treatment of the resulting
recurrences, not to mention the consequences for the pa-
tient of an increased risk of distant metastasis and death
associated with a recurrence.

Three factors were found to be significantly associated
with RT receipt in the cohort of patients less than 70 years
of age: age, surgical treatment in an academic hospital,
and year of surgery. The youngest patients in that group,
those less than 46 years of age, were at greatest risk of not
receiving RT. Some of those women go on to receive mastec-
tomy; however, even within the cohort of patientsless than
70 years of age, approximately 10% of women less than 46
years of age are receiving Bcs alone. Unfortunately, without
RT or mastectomy, those women are not only at increased
risk of ipsilateral recurrence, but they also experience just
one third the overall survival experienced by those who
receive appropriate treatment?S. Previous studies have
hypothesized that women do not receive RT because of
their childcare commitments'®. That hypothesis clearly
identifies a barrier that could be addressed with interven-
tions such as funded childcare programs run out of cancer
centres for such patients.

Surgical treatmentin an academic centre was found to
be associated with receipt of appropriate treatment, a find-
ingthataccords with results reported in prior studies?6. We
were unable to determine whether patients treated in the
community were never referred to aradiation oncologist or
whether the referral was somehowlost. It might be the case
that academic hospitals are more successful in treating
these patients because the hospitals are more likely to use
amultidisciplinary team approach thatincludes radiation
oncologists, physicists, and technologists in addition to the
medical and surgical teams to coordinate care.

The proportion of patients appropriately treated
increased over the course of the study, indicating that
overall breast cancer care deliveryisimprovingin Ontario
over time.

A number of additional factors that were significantly
associated with whether patients in the overall cohort

The number of breast-related billing codes (consults, procedures, etc.) as a proportion of the total number of billing codes used by an individual

received RT were nonsignificant in the group less than 70
years of age, indicating that the older population (some of
whom might have been treated with adjuvant tamoxifen)
drives those associations. Those factors included age, co-
morbidity burden, income, and distance from the cancer
centre, all of which have been identified as significant in
other studies'®!5-20, Greater breast case volume for the
surgeon also predicted rr receipt. That observation sug-
gests that older patients might require more counselling
and advocacy from their physician to ensure that they are
selecting a treatment option that is appropriate for their
currentstate of health. Recent data suggest that, of patients
who do not receive RT, up to 7% do not receive it because
they are deemed medically unfit by their radiation oncol-
ogist?”. We suggest that greater success could be achieved
if patients selected for breast-conserving therapy are
seen by a radiation oncologist preoperatively rather than
postoperatively to ensure that the patient is appropriately
informed, prepared, and medically fit to undergo rt before
the breast-conserving therapy begins.

Undergoing surgery by a surgeon who treats a higher
volume of breast disease was found to be significantly as-
sociated with increased likelihood of receiving a radiation
oncology consultation, which might also be explained by
improved communication with radiation oncologists or
increased awareness of the necessity of Rt for appropriate
disease management.

Limitations
A potential limitation of the present study is the adminis-
trative nature of its databases, particularly the onrp billing
code database. Billing practices vary between physicians,
and there are many reasons that RT consultations or
planning might not be billed. Incorrect billing codes and
forgotten billing are examples. The rate of missed billings
has been estimated to be at least 5%?28.
Anotherlimitation is the inability to discern whether
apatientactuallyreceived the complete course of rT. The
most direct measure that exists in the relevant databases
is the on1p codes for treatment planning in conjunction
with multiple radiation visits; however, even that con-
junction of data assumes that every patient who received
planningnot only started treatment, but also successfully
completed it. That method likely overestimates the pro-
portion of patients who successfully receive a complete
course of adjuvant RT.
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Our studyincluded a subgroup analysis of patients less
than 70 years of age, given that patients older than 70 could
be appropriately treated with adjuvant tamoxifen alone.
Because we did not have reliable estimates of tamoxifen
use for all patients in the cohort, and because breast can-
cer patients are reported to have low rates of compliance
with hormonal therapy, we did not include estimates of
tamoxifen use in the study. If anything, an analysis of
tamoxifen use would overestimate the number of women
appropriately treated. Thus, our conclusions represent a
conservative illustration of the proportion of breast cancer
patients who do notreceive standard-of-care treatment for
their disease.

Tablenrdescribestheriskfactors predictingnon-receipt
of rT; however, the regression analysis includes patients
who ultimately went on to have amastectomy. It would have
been interesting to parse the latter patients out; however,
their retention is a limitation of our databases.

Wewere unable to address theinfluence that pregnancy
(arelative contraindication to rRT) might have had on rates
of rt receipt (which could be particularly important in
younger women), because pregnancy is not coded in the
databases we used. However, pregnant patients typically
present with atleast T2 disease and therefore typically re-
ceive neoadjuvant or adjuvant chemotherapy. By the time
chemotherapy is completed, the pregnancy would also
have been completed and would therefore not preclude rRT
within 12 months of surgery. We do not feel that this group
represents a major limitation in our study.

CONCLUSIONS

Thisis the firstlarge-scale study to estimate adjuvant ther-
apyreceipt (RT or completion mastectomy) in patients after
Bcs. The results demonstrate that a significant proportion
of Ontario women do not receive appropriate treatment for
their early-stage breast cancer, with about 10% of women, or
1in 10 patients, not receiving RT or mastectomy. Compared
with older patients, those less than 46 years of age were
found particularly to experience incomplete treatment,
which could put them at increased risk of recurrence and
death. Although avoiding radiation is appropriate in select
patients (such as those more than 70 years of age, who
can receive tamoxifen instead; or those with significant
comorbidities), we found that patients were more likely to
be treated appropriately if they were treated in academic
hospitals rather than in community hospitals, and that
overall rates of RT receipt seemed to improve with time.
Interventions aimed atimproving education and access to
rT for all patients, particularly younger women, could dra-
matically improve breast cancer care delivery in Ontario.
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