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Study parameters

Hormone receptor and human epidermal growth factor
Report on breast invasive hormone receptor and human epidermal growth factor receptor 2
(HER2) statuses are used to convey information on the prognosis of the tumour and treatment
decision. Several ways of reporting were observed in the pathology reports for each of the
receptors identified. These were standardised in the pre-processing phase. For the hormone
receptor status graded using Allred scoring and grading system (e.g 1 2/3, P 1/5), the total score
was obtained by summing up the scores for the proportion of cells strained (5 scores) and the
score for the intensity of staining (3 scores). The total scores range from 0 to 8; values greater
than two were considered positive otherwise, negative [1]. We also classify some scores that were
reported in percentages or range of percentages. Other reports were specific in mentioning if
the hormone receptor was positive or negative in their phrases. We also standardised the HER2
parameter by recoding the reported values to negative, positive and equivocal [2]. The molecular
subtype variables were derived following the study done by Jamshidi et al. [3]. In the presence
of missing information, we extracted a proportion of the cases based on the completeness of the
molecular sub-typing.

KI67
KI67 proliferative index is a valuable breast cancer marker that correlates. We also identified
significant variability in the way ki67 was reported, such as “ki67 proliferation index 20%.”,
“ki675% staining of tumour cells”, “ki-67 proliferation index nuclear staining in approximately
40%” and “ki67 60%”. The variability in mentioning the term “KI67” was standardised in the
pre-processing phase, while the variability in the actual values was extracted in the extraction
process. The Ki67 scores range from 1 to 100, the categorisation of its values follows the study
by [4-6], where two classes < 14 and > 14 were formed from the values. Some of the reports
containing the values of this parameter as low or poor were considered to be <14, while others
with reported as high or strong, were considered to be > 14.

Age
Patient age is a significant risk factor for breast cancer and has been shown to correlate with
important parameters in cancer measured at diagnosis and influence survival. A possible
variant in reporting patient age in the pathology reports includes “56 YEAR OLD”, “AGE 317,
“20YRS”,“AGE/SEX/ DOB 71 / F / 19470105”, and “21Y” were recognised in the text. We
used pattern matching in the extraction process to extract the values of the reported patient
age in the database. Patient age was further categorised following studies including [7].

Race
Racial disparities have been associated with molecular sub-typing. However, the patient race
was the least reported parameter observed in the database. The National Cancer Registry of
South Africa uses the hot-deck imputation method to predict patient race group [7]. This has

been in use for more than a decade. To predict a patient race for each pathology report, the



patient names in the pathology report are match to a reference database that contains known
racial groups surnames. For some of the cases with unknown surnames in the reference database,
we used the Miss-forest imputation method to predict the racial groups of these patients.

H:istology grade
Grading of tumour provides essential information of the patient outcome. Nottingham system
and Bloom-Richardson are used for breast cancer grading classification. For the grades describes
with numbers in the pathology report, we summed the scores for the gland formation, nuclear
grades and mitotic count of obtaining a total grade score ranges from 3 to 9. Grade scores of
3-5, 5-7, and 8-9 are categorised into grade I grade II and grade III, respectively [8]. For those
reports with tumour grading values, such as highly differentiated, moderately differentiated and
poorly differentiated, their values were recoded to Grade I, 1T and IIT [8].

Hzistology type
Most pathology reports included the tumour histology type; we considered extracting this
parameter from the SNOMED code. We followed the procedure of xxx to map the codes
to the ICD-03. This approach is likely to be more comprehensive than the direct extraction
from the report. For instance, the morphology code corresponding to M — 85003 according
to [9] is referred to as infiltrating or invasive ductal carcinoma. There are 164 categories of
morphology codes; we regrouped this parameter as invasive ductal carcinoma and non-invasive
ductal carcinoma. since most cases studied are in the former category

Laterality
Breast cancer laterality is a compulsory reported parameter used by pathologists to convey
information on the side of the breast cancer that occurs. This study identified a few variants of
names used to refer to this parameter, including “LEFT BREAST” and “LEFT, B”. These
variants were standardised to LEFT BREAST and RIGHT BREAST; however, we have four
cases with both left and right breast cancer, which were not considered in this study.

Year
For a report with a year of diagnosis. We identified and matched the different reporting patterns
of this parameter, including ”2019/05/26” and “01-02-2014”.Although this parameter was also
manually coded as a string value. We compared our extracted year with the manually coded
year; we leverage their diagnosis year from the year manually coded for reports with no reported

year.



Error analysis of extracted patient age

Manual Machine
Extracted Age |Pathology report Extracted Age

EPISODE NUMBER SA03422496 CLINICAL HISTORY|47YEATS FEMALE. LEFTBREAST MASS HARD SUSPECTED
NONBENIGN. FOLLOW UP BREAST CLINIC MPH 28/10/19. MACROSCOPY THE SPECIMEN CONSISTS OF
MULTIPLE FRAGMENTS OF TISSUE THE LARGEST MEASURES 2MM IN GREATEST DIMENSION. MICROSCOPY
47 SECTIONS SHOW MULTIPLE FRAGMENTS OF FIBROADIPOSE TISSUE WITH MULTIPLE INVASIVE NESTS AND NA
GLANDS OF ATYPICAL EPITHELIAL CELLS. T IMMUNOHISTOCHEMISTRY OESTROGEN POSITIVE
PROGESTERONE NEGATIVE HERNEU POSITIVE KI67 40% PATHOLOGICAL DIAGNOSIS LEFTBREAST BIOPSY
INVASIVE DUCT CARCINOMA REPORTED BY DR XXX

FINAL PATIENT NAME XXX .LAB NAME CENTRAL LABORATORY LAB REF NO. 940465074 WARD
GREYS/ED01789765 AGE/SEX/[DOB 21 /JF / 19960518 SPEC NO. 19DH011500 NHLS HOSP RS196268 COLLECTION
DATE 08/02/19 NHLS LAB MAMM RECEIVE DATE 13/02/19 0019 REPORT DATE 18/02/19 1711 REPORT FOR
DOCTOR OTHER DOCTORS GUARANTOR INFORMATION STATE HISTOLOGY DURBAN C SUBMIT DR STATE
HISTOLOGY DURBAN C NAME ATT LAB MANAGER CONTACT NO. H HISTOLOGY DEPT ALBERT LUTHULI EMAIL
CATO MANOR 4091 MEDAID CLIENT DELAYED SAMPLE. COLLECT DATE 080219 RECEIVED 130219 ADDENDUM
ADDENDUM 1 ENTERED 18/02/191423 HORMONE RECEPTOR STATUS OESTROGEN STAINING POSITIVE
INTENSITY 2 DISTRIBUTION 3 66% 100% OF CELLS SCORE 5 4 6 HIGH SCORE PROGESTERONE STAIN RESULT
POSITIVE HERNEU ONCOGENE EXPRESSION SCORE 0 NEGATIVE KI67 PROLIFERATION INDEX INTERMEDIATE
20% OF NUCLEI STAIN POSITIVELY ADDENDUM SIGNED XXX 18/02/19 1529 CONTINUED ON
NEXT PAGE FINAL PAGE 1 PATIENT NAME XXX LAB NAME CENTRAL LABORATORY LAB REF NO.
22 940465074 DR. REF NO. GREYS/ED01789765 AGE/SEX F /19960518 SPEC NO. 19DH011500 ID NUM. 21
RS196268 COLLECTION DATE 08/02/19 CONTACT NUM/S H C RECEIVE DATE 13/02/19 0019 EMAIL . REPORT
DATE 18/02/19 1711 DELAYED SAMPLE. COLLECT DATE 080219 RECEIVED 130219 NATURE OF SPECIMEN
BIOPSY OF LEFTBREAST . CLINICAL HISTORY|22 YEAROLDJPATIENT WITH LOBULATED MASS OF LEFTBREAST .
CORE BIOPSY SUBMITTED FOR HISTOLOGICAL EXAMINATION. MACROSCOPY SPECIMEN SUBMITTED WAS
COMPRISED OF 2 CORES OF TISSUE LONGER OF WHICH MEASURED 1.2 CM IN LENGTH. TOTAL SAMPLE
PROCESSED AND SERIAL SECTIONS CUT. MICROSCOPIC EXAMINATION PATHOLOGY OBSERVED IS DETAILED
IN CONCLUSION BELOW. BIOPSY OF LEFTBREAST MASS 2 CORES 1. INFILTRATING DUC CARCINOMA. 2.
MICROSCOPIC GRADE 2 NOTTINGHAM SYSTEM. 3. NO INSITU COMPONENT OR SECONDARY GROWTH
PATTERN PRESENT. 4. VASCULAR INVASION NOT OBSERVED. 5. HORMONE RECEPTOR RESULTS TO FOLLOW.
ICD CODES SIGNED FINAL DR XXX 14/02/19 FOR CONSULTATIONS USE DIRECT LINE 031
3086510 EMAIL AUTOSYSTEMLIVPMAILKZNEMAIL.PDF1843413 END OF REPORT

EPISODE NUMBER SA03422|49 Y 47 YEAOLD |[FEMALE. LEFTBREAST MASS HARD SUSPECTED NONBENIGN.
FOLLOW UP BREAST CLINIC MPH 28/10/19. MACROSCOPY THE SPECIMEN CONSISTS OF MULTIPLE
FRAGMENTS OF TISSUE THE LARGEST MEASURES 2MM IN GREATEST DIMENSION. MICROSCOPY SECTIONS
47 SHOW MULTIPLE FRAGMENTS OF FIBROADIPOSE TISSUE WITH MULTIPLE INVASIVE NESTS AND GLANDS OF 49
ATYPICAL EPITHELIAL CELLS. T IMMUNOHISTOCHEMISTRY OESTROGEN POSITIVE PROGESTERONE NEGATIVE
HERNEU POSITIVE K67 40% PATHOLOGICAL DIAGNOSIS LEFTBREAST BIOPSY INVASIVE DUCT CARCINOMA
REPORTED BY DR XXX

Figure S1: Comparison of annotation disagreement between manual (N=300) and machine
assisted extraction for age. All the samples for age were correctly extracted by the machine
except for these three samples. The target values are highlighted, although the last sample
includes the machine extracted age.



Figure and Tables for the complete case analysis

Data with imputed cases Data with complete case
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Figure S2: Proportion of of each molecular subtype among breast cancer cases across patient
age category and racial group
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Table S2:

Univariable logistic regression result from the association between the
clinicopathology parameters and the Ki67 proliferation index with the complete case data

<14 >14
Parameter Category  (n=1918) (n=5499) OR (95%CI) p-value
<40 234 816 1
40-49 397 1330 0.96 (0.80-1.15)  0.669
Age 50-59 404 1296 0.92 (0.77-1.11)  0.372
60-69 456 1136 0.71 (0.60-0.86)  <0.001
70-104 409 845 0.59 (0.49-0.71)  <0.001
Negative 262 1868 1.00
ER Positive 1656 3631 0.31 (0.27-0.35)  <0.001
Negative 614 2592 1.00
PR Positive 1304 2007 0.53 (0.47-0.59)  <0.001
Negative 1629 3903 1
Herneu Positive 289 1596 2.30 (2.01- 2.65)  <0.001
I 256 231 1.00
Histologic grade 11 883 1852 2.32 (1.91-2.82)  <0.001
111 200 1847 10.23 (8.13-12.88)  <0.001
' Left breast 888 2531 1.00
Laterality Right breast 886 2416 0.96 (0.86-1.07)  0.425
Black 707 2298 1.00
Asian 122 186 0.47 (0.37-0.60)  <0.001
Race Colored 58 205 1.09 (0.80-1.47)  0.588
White 132 332 0.77 (0.62-0.96)  0.021
Histologic type IDC 1659 4947 1.00
Others 259 552 0.53(0.47-0.59) <0.001
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