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Appendix 1 (as supplied by the authors): Cohort dataset creation plan 

Study Design This research ethics board approved, retrospective population based cohort study linked data from population-based data sets available from the Institute for Clinical Evaluative Sciences (ICES) to capture perioperative (i.e. before and after definitive breast cancer surgery) imaging in patients with primary operable (i.e. early stage breast cancer) in Ontario.   
Datasets Patient data was linked from three datasets housed at ICES accessed from the ICES Ottawa site: 
Ontario Cancer Registry (OCR): The OCR contains information on all incident cancer diagnoses 

in Ontario, except non-melanoma skin cancer(1); 
Discharge Abstract Database (DAD). The Canadian Institute for Health Information's DAD 
contains demographic, diagnostic, procedural, and treatment information for all acute care 

hospitalizations  in Canada(2) ; 
Ontario Health Insurance Plan (OHIP) database. The OHIP database captures health services billing claims paid by the Ontario Health Insurance Plan to providers. Each row in the OHIP database records the patient, provider, and diagnosis/procedure being claimed for remuneration(2) . 
Cohort Creation 

STEP 1: Identify primary breast cancer patients from the OCR 



The OCR was used to identify all unique adult female breast cancer patients diagnosed with stage I and II  breast cancer between January 1, 2007 and December 31, 2012. These dates were chosen because: 1) ICES has access to valid collaborative staging data, containing information on tumour characteristics such as grade and HER-2 status, from 2007 onwards; and 2) 2012 is the last year that OCR data is available at ICES. The OCR 

determines patient stage by pulling from the electronic medical records after all the patient’s tests 

have been received; as such this stage is considered the ‘best’ available stage.. Breast cancer diagnosis was based on ICD-9 code 174 – ‘malignant neoplasm of female breast’. Adult patients were considered to be those aged greater or equal to 20 years. Patients were excluded if they had a prior breast cancer diagnosis as  determined based on OCR variable ‘prim’ which is the number assigned chronologically by the OCR to a patient’s resolved case records based on the diagnosis date. Patients were also excluded if they had stage 0, III, null, or unknown stage disease; Ductal Carcinoma In Situ cases were excluded because ICES does not receive in-

situ cases from the OCR. Staging information was based on the OCR ‘best stage’ variable, which is determined algorithmically based on resolution between the clinical and pathological stage(3) in that the OCR determines patient stage by pulling from the EMRs after 

all the patient’s evaluations have been received; as such this stage is considered the ‘best’ 

available stage.. Patients with the following OCR best stage values were included in the model: I, IA, IB, II, IIA, IIB. 
STEP 2: Identify primary operable patients by linking OCR with DAD  

The OCR cohort was then linked with the DAD to identify patients who underwent breast related surgeries. All procedural codes were based on the Canadian Classification of 



Health Interventions (CCI), which is the Canadian standard for classifying health-related interventions (Canadian Institute for Health Information, 2014). 
2a: Identify patients with breast related surgeries 

 We identified all patients who received any of the following breast related procedures as their main surgical interventions (DAD variable incode1): breast conserving surgery, mastectomy, axillary lymph node dissection, or sentinel lymph node biopsy. All CCI intervention codes are shown in Appendix 2.  
2b. Identify patients who had surgery within 3 month window after diagnosis 

In order to identify primarily operable patients, the study team mandated that only patients with a first diagnosis of breast cancer who had their definitive surgery within 3 months of their tissue diagnosis date be included in the study population.  This window was selected in an effort to exclude patients who may have received pre-operative systemic therapy for initially inoperable locally advanced disease as contemporary pre-operative chemotherapy regimens are a minimum of 4-5 months in duration(4); and these patients are routinely imaged prior to initiation of induction therapy.  
For patients with more than one surgery on the same breast within the three month window we handled duplicate surgeries in this way: 1) if the diagnoses were the same for both surgeries then we included the last surgery only, considering this the definitive surgery on that breast; 2) if the diagnoses were different then we included the first surgery only, as this corresponded to the first diagnosis of breast cancer.  



Breast cancer patients were excluded if they did not have any breast or axillary surgeries, 

if their surgery date was on or before their cancer diagnosis date, or if their surgery date was 

more than three months after their diagnosis date; the cohort creation flow is shown in Figure 1 

(main article). 

STEP 3: Identify covariates  

To identify factors associated with utilization of imaging patient level data was collected for: age at diagnosis, disease stage (I, II, III), histology (characterized as ductal, lobular, or other), comorbidity calculated  using the Deyo modification of the Charlson comorbidity index(5) (characterized as 0, 1-2, 3+), surgery type (breast conserving surgery vs. non breast conserving surgery), whether additional preoperative loco-regional imaging beyond mammography was performed (either breast ultrasound or breast MRI), and neighbourhood income quintile based on Postal Code Conversion File Plus(6). Information 

regarding institution type, patient rurality at diagnosis (based on Rurality Index Ontario 2008(7)), 

and Local Health Integration Network (LHIN) of the hospital performing the surgery was also 

collected. Ontario is divided geographically into 14 LHINs which administer and coordinate 

local health systems(8). 
The OCR does not include all the clinical information required for treatment decisions so 

we used the OCR’s Collaborative Staging dataset to obtain additional disease characteristics not 

available in the OCR. This included; tumor grade (1, 2, 3), HER-2 status (positive or negative), 

triple negative disease (positive or negative), axillary lymph node involvement (yes or no) and 

presence of lymphovascular invasion (yes or no).  For determining HER-2 status if a 



Fluorescence In Situ Hybridization (FISH) test was performed this value was used, otherwise we 

used the imunohistchemistry test with all borderline/indeterminate results classified as negative. 

Imaging quantification and classification: 

To quantify all perioperative staging imaging the cohort of primary operable breast 

cancer patients was linked with Ontario Health Insurance Plan (OHIP) data to obtain all billing 

fee codes charged for these patients between January 1, 2007 and December 31, 2012. Subjects 

were followed until 3 months after their index surgery event; the maximum follow up date was 

March 31, 2013.  All OHIP fee codes were reviewed by DS and those not considered relevant to 

breast cancer staging imaging were discarded, this resulted in a final list of 126 OHIP fee codes 

which DS classified by imaging body site and modality (see Appendix 2). A flat file including all 

imaging fee codes and associated service dates for each patient was created; fee codes only 

contributed to the final imaging counts if the service date occurred during the perioperative 

period. During this period, imaging was considered pre-operative if it occurred between the 

tissue diagnosis date (usually breast biopsy) and the day of surgery and post-operative if it 

occurred within the 3 month window after the definitive breast surgical procedure. All imaging 

tests were quantified by site (skeleton, thorax, abdomen and/or pelvis, other) and modality (plain 

x-rays, ultrasonography, computerized tomography (CT), magnetic resonance imaging (MRI), 

positron emission tomography (PET) etc.). 

Imaging tests were further classified as i) initial imaging or ii) confirmatory imaging. 

Initial imaging was defined as the first imaging test performed on a body site (i.e. skeleton, 

abdomen, or thorax) in the pre-specified time period. Confirmatory imaging was defined as any 

additional imaging test performed on a body site already imaged.  We did not count any other 



imaging tests of the same anatomical body area beyond the first confirmatory scan in the total 

imaging counts. This conservative approach was decided by the team to try and exclude any 

further imaging that could potentially be unrelated to the purposes of breast cancer staging. 

To determine who ordered the imaging test we extracted the referring physician’s self-

reported main specialty associated with the OHIP imaging fee code. Physicians were classified 

as: surgery, medical oncology (including haematology and gynaecological oncology), radiation 

oncology, primary care (including internal medicine), diagnostic imaging (including nuclear 

medicine), and other.  

Statistical analysis 

The total number of primary and confirmatory imaging tests for stages I and II, combined 

and individually were calculated, considering both the number of patients imaged and the 

number of imaging tests performed. Initial and confirmatory imaging was further classified into 

pre- and post-operative imaging. All initial and confirmatory imaging tests were quantified by 

body site (skeleton, thorax, abdomen and/or pelvis, other) and imaging modality. To assess 

whether use of imaging modalities was changing over time the percentage of patients imaged 

each year was calculated by body site and over all body sites and considering initial and 

confirmatory separately. Trends were evaluated using the Cochran-Armitage test. 

To identify characteristics associated with metastatic imaging utilization we classified 

patients categorically into five imaging groups based on whether they received imaging (yes or 

no) on: i) any site (skeleton, thorax, abdomen and/or pelvis, other), ii) skeleton, iii) thorax,  iv) 

abdomen and/or pelvis, or v) other). Metastatic imaging did not include any imaging performed 

on the breast, such as US, MRI or mammogram. For skeleton imaging we did not count skeleton 



MRIs that were billed on the same day as a breast MRI, the rational being that if breast MRI and 

skeleton MRI were billed concurrently on the same day then the skeleton MRI was just part of 

the breast MRI and did not qualify as further staging imaging.  For each category, multivariate 

logistic regression was performed to identify factors associated with imaging use performed per 

body site; this analysis was based on the subset of patients for whom Collaborative Staging 

variables were available. Predictors were included as categorical variables and results were 

reported as odds ratios. All tests used p = 0.05 (two- sided) to evaluate statistical significant. 

Analyses were performed using SAS software, version 9.3 (SAS Institute). 
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