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Abstract

Purpose Detection of ductal carcinoma in situ (DCIS) has increased with the mammography dissemination. Given the
potential role of DCIS as a precursor of invasive breast cancer (IBC), we aimed to assess whether women’s characteristics
have a different effect on the DCIS compared to IBC detection rate.

Methods This study included 3,609,569 screening mammograms performed from 2002 to 2015 in our organized breast can-
cer screening program, which actively invites women 50—69 years of age. The association between women’s characteristics
and the DCIS detection rate, the IBC detection rate and the odds ratio of DCIS among screen-detected cancers was assessed
by logistic regression and generalized estimating equations with independent correlation matrix and sandwich estimator.
Results A total of 4173 DCIS and 15,136 IBC were screen-detected. Increasing women’s age, current hormone replacement
therapy use and higher body mass index were less associated with the DCIS than with IBC detection rates (p value for the
odds of DCIS among screen-detected cancers of, respectively, < 0.0001, 0.0244 and < 0.0001). In contrast, having a previous
breast aspiration or biopsy and increasing breast density were more strongly associated with DCIS than with IBC detection
rates (p value of, respectively, 0.0050 and <0.0001).

Conclusion The results suggest that some women’s characteristics could be playing a role in the initiation and other in the
progression from in situ to invasive breast cancer. These characteristics can also affect the screening sensitivity, and this
effect may differ depending on whether screen-detected cases were DCIS or IBC.
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Ductal carcinoma in situ (DCIS) is a neoplastic prolifera-

tion of epithelial cells confined to the ductal system without
) . ) o . tumor invasion through the basement membrane [1]. DCIS
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breast cancers went from less than 5% to about 20% after
the dissemination of screening mammography [5]. Among
the drawbacks of screening mammography is the plausible
detection and treatment of some DCIS that would have never
progress toward invasiveness [6, 7]. Why and how often
DCIS progress to invasive disease remains to be clarified [5].

Given the potential role of DCIS as a precursor, it is
expected that DCIS and IBC would share common risk fac-
tors [8—11]. Factors more strongly associated with DCIS
compared to IBC can represent factors affecting disease
initiation or factors associated with DCIS which do not pro-
gress to IBC [8, 11]. Factors affecting progression would
only be associated with IBC risk [8, 11]. Understanding up
to what point DCIS and IBC share the same risk factors
could help better distinguish DCIS that will progress toward
IBC from those that will not. This will also help to avoid
overtreatment by tailoring treatment according to risk of
progression [11].

To our knowledge, only one study [12] reported the dif-
ference in DCIS detection rates and IBC detection rates
according to several characteristics among only screened
women. This study, based on 39,542 women aged 30 years
or older, concluded that risk factors for DCIS are similar
to those for IBC. However, this study included few screen-
detected DCIS (n=102) diagnosed in 1995 or earlier and
did not take into account potentially important confounding
variables such as HRT or breast density.

The aim of our study is to examine, in our population-
based screening program, a wide array of women’s charac-
teristics in relation to DCIS and IBC detection rates. We also
aimed to assess whether some characteristics have a different
effect on the DCIS detection rate compared to IBC detection
rate. Finally, we want to verify whether these associations
are maintained with the change in technology from film to
digital mammograms.

Methods
Study population

The Quebec Breast Cancer Screening Program (Programme
Québécois de Dépistage du Cancer du Sein, PQDCS) is
an organized population-based mammography screen-
ing program launched in 1998 that actively invites women
50-69 years of age to receive biennially 2-views screening
mammography in accredited facilities. The study is based on
screening mammograms performed in the PQDCS from Jan-
uary 1, 2002, to September 30, 2015. Among the 3,888,262
screening mammograms performed during the study period,
278,693 (7.2%) were excluded (Fig. 1). A total of 3,609,569
screening mammograms, performed in 1,105,824 women in
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102 facilities and interpreted by 469 radiologists, were used
for the analysis.

Characteristics of women

Information on women’s characteristics was obtained from
a self-administered questionnaire completed at each screen-
ing examination and captured in the PQDCS information
system. Size and weight of women were self-reported, and
the body mass index (BMI) was then calculated (weight in
kilogram divided by the height in meters squared). Breast
density in 4 categories (<25%, 25-49%, 50-75%, > 75%)
was assessed by the radiologist who read the screening
mammogram.

Technology used

Since 2007, digital mammography (computed radiogra-
phy (CR) and direct radiography (DR)) gradually replaced
screen-film mammography. In 2014, 58% of PQDCS mam-
mograms were performed in CR, 41% in DR and 0.7% in
film. The information on mammography technology was
obtained from the Laboratoire de Santé Publique du Québec,
including the date of change in the mammography unit from
film to CR or DR systems.

Ascertainment of breast cancer

A screen-detected breast cancer is a DCIS or invasive carci-
noma diagnosed within 6 months following a positive mam-
mogram. A screening mammogram was classified as posi-
tive (abnormal) if the patient was referred for assessment;
otherwise, it was considered negative (normal). Diagnoses
of breast cancer were identified by validated algorithms that
linked PQDCS data with other provincial databases [13, 14].
A breast cancer case is defined as DCIS if the pathology
report from the PQDCS information system is completed for
an ‘in situ ductal carcinoma (intraductal noninvasive)’ or if
the International Classification of Diseases (ICD) recorded
in a provincial database (MedEcho) is DCIS (ICD-9: code
233.0,ICD-10: code DO05.1, D05.7, D05.9). A breast can-
cer case is defined as IBC if the pathology report from the
PQDCS information system is completed for an ‘invasive
carcinoma’ or if the ICD in MedEcho is IBC (ICD-9: 174,
ICD-10: C50). For bilateral breast cancers, only the one with
the most aggressive histopathological features was consid-
ered. Otherwise, it was chosen randomly.

The DCIS detection rate was the number of screen-
detected DCIS over the total number of screening mammo-
grams. The IBC detection rate was the number of invasive
screen-detected breast cancers over the total number of
screening mammograms. The percentage of DCIS among
screen-detected breast cancer was calculated as the number
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of screen-detected DCIS over the total number of screen-
detected breast cancer whose type is known.

Statistical analysis

The analyses were conducted in a threefold manner. First we
measured the association between women characteristics and
the risk of screen-detected DCIS. Second, we assessed the
association between women characteristics and the risk of
screen-detected IBC. Third, we compared the odds of DCIS
detection against the odds of IBC detection according to
women characteristics.

All analyses were conducted using the screening mam-
mograms as the unit of analysis. We used logistic regression
and generalized estimating equations (GEE) with independ-
ent correlation matrix and sandwich estimator to account for
correlation between mammograms. We considered radiolo-
gist-level and center-level correlations and estimated empiri-
cal variance matrix with the three-step method developed by
Miglioretti and Heagerty [15]. Adjusted detection rate ratios
were estimated using exponential of the model parameters.
Wald 95% confidence intervals and p values were derived from
the empirical variance estimator. We also estimated DCIS and

IBC detection rates according to women'’s characteristics from
the adjusted GEE model using marginal standardization [16].
Thus, adjusted rates represent the average of the model pre-
dicted probabilities assuming all units would possess the char-
acteristic of interest, but keeping other covariates as observed.

Models were adjusted for all women’s characteristics,
year of screening mammogram (2002-2006, 2007-2011,
2012-2015) and technology used (film, CR, DR). A comple-
mentary analysis was carried out in order to assess whether
restricting our analysis to digital mammograms changed
results.

The GENMOD procedure of the SAS software (version
9.4, Copyright © 2016 by SAS Institute Inc., Cary, NC,
USA) was used. Statistical significance was tested at 5% for
all tests (2-sided).

Results
Characteristics of the women studied

Among the 3,609,569 screening mammograms in the study,
362,817 were positive (recall rate=10.0%) and 19,384 breast
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cancers were screen-detected (4173 DCIS, 15,136 IBC and
75 with unknown type). Among the screen-detected breast
cancer, 21.5% were DCIS. The detection rate was 1.2/1000
screens for DCIS and 4.2/1000 screens for IBC.

The distributions of the screening mammograms accord-
ing to characteristics of the women and mammograms by
breast cancer status are presented in Table 1. About half of
screening mammograms were made on film (51%), while
35% were made on CR and 13% on DR. About 11% and 24%
of screening mammograms were performed in, respectively,
women who had a previous breast aspiration or biopsy and
women who currently use HRT. The proportion of mammo-
grams performed in women with an elevated BMI (>30 kg/
m?) is higher in women with IBC screen-detected (27%)
compared to women with DCIS screen-detected (21%) or
all screening mammograms (23%). Finally, the proportion
of women with breast density >50% is higher in women
with DCIS screen-detected (49%) compared to women with
IBC screen-detected (40%) and all screening mammograms

36%).

Univariate analysis of DCIS and IBC detection
according to women'’s characteristics

The DCIS detection rates and the percentages of DCIS
among screen-detected breast cancer according to women’s
characteristics are presented in Fig. 2. The highest DCIS
detection rate was observed in mammograms from women
without previous breast aspiration or biopsy, with a DCIS
detection rate of 1.8/1000 screens. The lowest DCIS detec-
tion rate, 0.6/1000 screens, was observed in mammograms
from women with a breast density <25%. Otherwise, the
proportion of DCIS among screen-detected breast cancer
was lower in mammograms done on older women. It went
from 26% in mammograms done on women aged 50-54
to 19% in mammograms done on women aged 60—64 and
65-69 years. The highest proportions of DCIS among
screen-detected breast cancers were observed in mam-
mograms done on pre-menopausal women (27%), women
with BMI <20 kg/m? (31%) and women with breast den-
sity >75% (28%).

Multivariate analysis of DCIS and IBC detection
according to women'’s characteristics

Relationship of characteristics of women and mammograms
with DCIS and IBC detection rate is presented in Table 2.
Compared to mammograms from women without breast
clinical examination in the last year, mammograms from
women with clinical breast examination in the last year
had a similar DCIS detection rate (adjusted cancer detec-
tion rate (CDR) ratio=1.04, 95% CI 0.96—1.12), but had a
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lower IBC detection rate (adjusted CDR ratio=0.96, 95%
CI1 0.93-0.99).

Increasing women’s age, current HRT use and higher
BMI are associated with higher IBC detection rates than
DCIS detection rates (Table 2). For example, women with
a BMI > 35 kg/m? showed DCIS and IBC detection rates
of, respectively, 1.2 times (adjusted CDRratio=1.21, 95%
CI 1.07-1.36) and 1.7 times (adjusted CDR ratio=1.73,
95% CI 1.63-1.84) higher than that of mammograms from
women with a BMI between 20.0 and 24.9 kg/m?. This trans-
lated into an adjusted odds of DCIS on IBC among screen-
detected cancers lower for mammograms from women
with a BMI > 35 kg/m? compared with mammograms from
women with a BMI between 20.0 and 24.9 kg/m? [adjusted
odds ratio (OR) 0.70, 95% CI 0.60-0.81].

In contrast, having a previous breast aspiration or biopsy
and increasing breast density were more strongly associated
with DCIS detection rates than with IBC detection rates.
Mammograms from women with a previous aspiration or
biopsy had a 49% higher DCIS detection rate (adjusted
CDR=1.49, 95% CI 1.38-1.61) and a 29% higher IBC
detection rate (adjusted CDR=1.29, 95% CI 1.22-1.35)
compared to mammograms from women without this
antecedent. This translated into an OR of DCIS among
screen-detected of 1.15 (95% CI 1.04-1.27). Also, mam-
mograms from women with breast density >75% had a 2.8
times higher DCIS detection rate (adjusted CDR =2.79,
95% CI 2.43-3.20) and a 1.8 times higher IBC detection
rate (adjusted CDR=1.83, 95% CI 1.67-2.01) compared
to mammograms from women with breast density <25%.
Then, the odds of DCIS on IBC among screen-detected can-
cers are higher in mammograms from women with breast
density > 75% compared to mammograms from women
with breast density <25% (adjusted OR=1.53, 95% CI
1.32-1.77).

Similar patterns of association for detection of DCIS and
IBC were observed according to screening history, women
family history of breast cancer, age of the first birth and
menopausal status (Table 2).

We observed no association between technologies used
for mammogram and either DCIS or IBC detection rates
(Table 2).

Multivariate analysis of DCIS and IBC detection
according to women'’s characteristics for digital
mammograms only

Associations between DCIS and IBC detection rates accord-
ing to women’s characteristics for digital mammograms are
presented in Table 3. Compared to the whole cohort (main
analysis), the same pattern of associations was observed
between DCIS or IBC detection rates for age, screening
history, breast clinical examination, family history, age
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Table 1 Characteristics of
women and mammograms

for the screen-detected breast
cancer (DCIS and invasive) and
all screening mammograms

Characteristics Screen-detected All screening mammograms
DCIS IBC
N=4173 N=15,136 N=3,609,569
n (%) n (%) n (%)
Age (years)
50-54 1206 (28.9) 3363 (22.2) 1,098,736 (30.4)
55-59 1067 (25.6) 3751 (24.8) 1,002,479 (27.8)
60-64 1000 (24.0) 4190 (27.7) 856,316 (23.7)
65-69 900 (21.6) 3832(25.3) 652,038 (18.1)
Year of the mammogram
2002-2006 1171 (28.1) 4100 (27.1) 1,030,872 (28.6)
2007-2011 1428 (34.2) 5572 (36.8) 1,388,124 (38.5)
2012-2015 1574 (37.7) 5464 (36.1) 1,190,573 (33.0)
Technology used
Film 2027 (48.6) 7448 (49.2) 1,856,828 (51.4)
CR 1474 (35.3) 5470 (36.1) 1,279,269 (35.4)
DR 672 (16.1) 2218 (14.7) 473,472 (13.1)
Screening history
Ini. without prior mam 394 (9.4) 1225 (8.1) 235,429 (6.5)
Ini. with prior mam 693 (16.6) 2103 (13.9) 534,126 (14.8)
Subsequent 3086 (74.0) 11,808 (78.0) 2,840,014 (78.7)
Breast clinical examination
No 1637 (39.2) 6410 (42.3) 1,475,822 (40.9)
Yes 2536 (60.8) 8726 (57.7) 2,133,747 (59.1)
Previous breast aspiration or biopsy
No 3453 (82.8) 12,851 (84.9) 3,205,771 (88.8)
Yes 720 (17.2) 2285 (15.1) 403,798 (11.2)
Family history of breast cancer
No 3201 (76.7) 11,632 (76.8) 2,975,835 (82.4)
Yes 972 (23.3) 3504 (23.2) 633,734 (17.6)
Age at first birth (years)
Nulliparous 864 (20.7) 3076 (20.3) 643,081 (17.8)
<24 1593 (38.2) 6138 (40.6) 1,578,455 (43.7)
25-29 1164 (27.9) 3992 (26.4) 973,532 (27.0)
> 30 552 (13.2) 1930 (12.8) 414,501 (11.5)
Menopausal status
Pre 696 (16.7) 1855 (12.3) 517,329 (14.3)
Post 3477 (83.3) 13,281 (87.7) 3,092,240 (85.7)
HRT use
Never 2202 (52.8) 7500 (49.6) 1,923,952 (53.3)
Previously 842 (20.2) 3428 (22.6) 807,297 (22.4)
Currently 1129 (27.0) 4208 (27.8) 878,320 (24.3)
BMI (kg/m?)
<20.0 224 (5.4) 505 (3.3) 182,972 (5.1)
20.0-24.9 1683 (40.3) 5054 (33.4) 1,353,958 (37.5)
25.0-29.9 1403 (33.6) 5479 (36.2) 1,226,485 (34.0)
30.0-34.9 580 (13.9) 2687 (17.8) 552,765 (15.3)
>35.0 283 (6.8) 1411 (9.3) 293,389 (8.1)
Breast density
<25% 553 (13.2) 2799 (18.5) 935,245 (25.9)
25-49% 1556 (37.3) 6267 (41.4) 1,379,989 (38.2)
50-75% 1599 (38.3) 4902 (32.4) 1,007,177 (27.9)
>75% 465 (11.1) 1168 (7.7) 287,158 (8.0)

DCIS Ductal carcinoma in situ, /BC invasive breast cancer, /ni. initial, mam. mammogram, HRT hormone
replacement therapy, BMI body mass index
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Fig.2 DCIS detection rate and proportion of DCIS among screen-detected breast cancer according to characteristics of women. DCIS ductal
carcinoma in situ, HRT hormone replacement therapy, BMI body mass index, /ni. initial, mam. mammogram

at first birth, BMI and breast density when only digital
mammograms were considered. The odds of DCIS among
screen detected cancers were no longer statistically signifi-
cant according to previous breast aspiration of biopsy (p
value =0.3562) and HRT use (p value =0.2253) with the
digital mammograms only (these p values were, respectively,
0.0050 and 0.0244 in the whole cohort).

Discussion

Among the screening mammograms of the PQDCS between
2002 and 2015, the DCIS detection rate was 1.2/1000
screens, which is comparable with other breast cancer
screening programs [17-20]. In our breast cancer screening
program, clinical breast examination in the last year was
not associated with the DCIS detection rate, but was associ-
ated with a decrease in the IBC detection rate. The age of
the women at screening, the use of HRT and the BMI were
less associated with the DCIS detection rate than with IBC
detection rate. On the opposite, previous breast aspiration
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or biopsy and breast density were more strongly associated
with the DCIS detection rate rather than the IBC detection
rate.

Kerlikowske et al. [12] found, in their cross-sectional
study of screened women, that the magnitude of the asso-
ciations were similar between their studied risk factors and
DCIS or IBC screen-detected, except for increasing age
and the presence of a palpable mass. These factors were
more strongly associated with IBC rather than DCIS screen-
detected. In our analysis, we also observed the same results
for age, but we also found other characteristics for which
the strength of the associations varies with DCIS or IBC
detection rate.

Other studies have examined the association between risk
factors and DCIS or IBC diagnoses [9, 10, 21-29]. Results
of these studies are divergent. Some studies concluded
that, in general, risk factors for DCIS are similar to those
for IBC [10, 12, 21, 24-27, 29, 30]. However, some stud-
ies have observed differences in associations for DCIS and
IBC, particularly for HRT use, BMI and breast density [10,
12, 21-24, 26-28, 31, 32]. For example, Ko et al. [21] and
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Table 2 Multivariate association of women characteristics with DCIS and IBC detection rate, and with the odds ratio of DCIS among screen-
detected breast cancers

Characteristics DCIS (N=4173) IBC (N=15,136) DCIS versus IBC*
Adjusted® Adjusted® CDR p value Adjusted® Adjusted® CDR p value Adjusted® OR (95% CI) p value
CDR (%o0) ratio® (95% CI) CDR (%o0) ratio® (95% CI)
Age (years)
50-54 0.86 1.00 <0.0001 2.59 1.00 <0.0001 1.00 <0.0001
55-59 1.15 1.33 (1.21-1.45) 3.95 1.53 (1.45-1.61) 0.88 (0.80-0.98)
60-64 1.35 1.56 (1.43-1.70) 5.37 2.08 (1.97-2.20) 0.77 (0.69-0.86)
65-69 1.66 1.92 (1.73-2.14) 6.62 2.57 (2.42-2.73) 0.77 (0.68-0.87)
Screening history
Ini. without prior mam 2.13 1.00 <0.0001 7.98 1.00 <0.0001 1.00 0.8252
Ini. with prior mam 1.43 0.67 (0.59-0.76) 5.13 0.64 (0.59-0.69) 1.02 (0.90-1.15)
Subsequent 1.05 0.49 (0.44-0.56) 3.88 0.48 (0.45-0.52) 0.98 (0.86-1.12)
Breast clinical examination
No 1.13 1.00 0.2997 4.30 1.00 0.0108  1.00 0.0430
Yes 1.17 1.04 (0.96-1.12) 4.12 0.96 (0.93-0.99) 1.09 (1.00-1.18)
Previous breast aspiration or biopsy
No 1.09 1.00 <0.0001 4.05 1.00 <0.0001 1.00 0.0050
Yes 1.62 1.49 (1.38-1.61) 5.20 1.29 (1.22-1.35) 1.15 (1.04-1.27)
Family history of breast cancer
No 1.08 1.00 <0.0001 3.93 1.00 <0.0001 1.00 0.6232
Yes 1.51 1.40 (1.32-1.48) 5.40 1.38 (1.33-1.43) 1.01 (0.96-1.07)
Age at first birth (years)
Nulliparous 1.28 1.00 <0.0001  4.82 1.00 <0.0001 1.00 0.3266
<24 1.04 0.81 (0.74-0.88) 3.78 0.78 (0.75-0.82) 1.03 (0.95-1.12)
25-29 1.19 0.93 (0.87-0.99) 4.20 0.87 (0.83-0.91) 1.06 (0.98-1.15)
>30 1.31 1.02 (0.92-1.13) 4.86 1.01 (0.96-1.06) 0.99 (0.90-1.10)
Menopausal status
Pre 1.35 1.00 <0.0001 4.39 1.00 0.1230  1.00 0.0866
Post 1.12 0.83 (0.78-0.89) 4.17 0.95 (0.89-1.01) 0.91 (0.82-1.01)
HRT use
Never 1.14 1.00 <0.0001 4.01 1.00 <0.0001 1.00 0.0244
Previously 1.03 0.90 (0.83-0.98) 3.82 0.95 (0.91-1.00) 0.95 (0.86-1.05)
Currently 1.30 1.14 (1.06-1.22) 5.00 1.25 (1.19-1.31) 0.89 (0.82-0.97)
BMI (kg/m?)
<20.0 0.97 0.88 (0.76-1.01) <0.0001 2.41 0.69 (0.63-0.76) <0.0001 1.26 (1.04-1.52) <0.0001
20.0-24.9 1.11 1.00 3.49 1.00 1.00
25.0-29.9 1.18 1.06 (1.00-1.13) 4.49 1.29 (1.24-1.34) 0.83 (0.77-0.89)
30.0-34.9 1.26 1.13 (1.03-1.24) 5.41 1.56 (1.47-1.64) 0.72 (0.66-0.79)
>35.0 1.34 1.21 (1.07-1.36) 6.01 1.73 (1.63-1.84) 0.70 (0.60-0.81)
Breast density
<25% 0.59 1.00 <0.0001 2.68 1.00 <0.0001 1.00 <0.0001
25-49% 1.13 1.92 (1.70-2.17) 4.50 1.68 (1.60-1.77) 1.15 (1.02-1.31)
50-75% 1.59 2.70 (2.42-3.01) 5.26 1.97 (1.85-2.10) 1.39 (1.24-1.56)
>75% 1.64 2.79 (2.43-3.20) 4.89 1.83 (1.67-2.01) 1.53 (1.32-1.77)
Technology used
Film 1.14 1.00 0.2794 421 1.00 02928 1.00 0.4853
CR 1.11 0.97 (0.85-1.11) 4.11 0.97 (0.91-1.05) 1.00 (0.88-1.12)
DR 1.31 1.14 (0.89-1.47) 435 1.03 (0.94-1.14) 1.10 (0.89-1.36)

DCIS ductal carcinoma in situ, /BC invasive breast cancer, CDR cancer detection rate, CI confidence interval, OR odds ratio, Ini. initial, mam.
mammogram, HRT hormone replacement therapy, BMI body mass index, CR computed radiography, DR direct radiography

20dds of DCIS relative to IBC for a given characteristics
"Models adjust for all the characteristics included in the table and year of screening mammogram (2002-2006, 2007-2011, 2012-2015)

“Logistic regression was used. However, in this situation, the odds ratio can be interpreted as approximations of the breast cancer detection rate
ratios
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Reeves et al. [10] have found similar associations between
the use of HRT and DCIS or invasive ductal cancer, whereas
Trentham-Dietz et al. [26] observed that HRT use was more
strongly associated with IBC compared to in situ.

Such inconsistencies in findings may be explained, at
least in part, by variation in the population studied and the
women characteristics considered. Some studies are based
on a selected sample of women and the women’s screening
history or whether or not the breast cancer was likely to have
been screen-detected are not take into account [10, 23, 29].
When interpreting the findings of etiological breast cancer
studies, the mix of screen-detected and women/clinician-
detected cases in the study population will influence the
results [10, 33]. Furthermore, each study does not consider
the same confounding factors, such as breast density [8—10,
12, 25-27, 29]. Breast density is an important variable since
it was recognized as a risk factor for breast cancer [34, 35], a
factor that also influences the screening sensitivity of mam-
mography [35-37] and is correlated with the BMI [35] and
the use of HRT [35, 37, 38]. Only three studies [21-23]
have considered together breast density, HRT use and BMI
in their analysis.

In our data, we observed that being older, HRT use and
higher BMI were more strongly associated with IBC detec-
tion rate than DCIS detection rate. These results are consist-
ent with the hypothesis that these characteristics may have
an effect on cancer progression from the in situ phase to
the infiltrating phase [8, 9, 11]. Some authors have already
discussed this possibility, especially concerning HRT use
[39—41]. Gapstur et al. [28] show that there was no associa-
tion between ever HRT use and the incidence of DCIS, while
exposure to HRT was associated with an increased risk of
IBC with a favorable histology. The study by Marshall et al.
[31] also observed that the discontinuation of HRT reduced
the incidence of IBC, but not the incidence of DCIS.

Like others studies [22, 26, 27], our data also suggest
that having a previous breast aspiration or biopsy and higher
breast density were more strongly associated with DCIS
detection rate than IBC detection rate. These characteris-
tics may play a greater role in cancer initiation rather than
progression of cancer and could play a role on screening
sensitivity, or both. For example, the decrease in screening
sensitivity according to breast density may be less important
for DCIS compared to IBC. A large proportion of DCIS is
screen-detected due to the presence of microcalcifications
[42, 43], and they could remain more visible on mammo-
grams even in the presence of higher breast density [22].
Moreover, the biological properties of the breast tissue
components associated with breast density may increase the
probability of the transition of normal epithelium to malig-
nant cells [44]. Hence, breast density can create an envi-
ronment that promotes the initiation of breast cancer. Thus,
the DCIS pool would be higher in women with previous
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breast aspiration or biopsy and in women with higher breast
density. Given these larger reservoir of DCIS, the risk of
overdiagnosis in these women can be higher. Further studies
will be needed to determine the individually effect of these
characteristics on the initiation of the disease and the screen-
ing mammography sensitivity.

This study had some limitations. DCIS or IBC is deter-
mined according to provincial databases and not by a revi-
sion of the pathology reports; thus, some cases may have
been misclassified. Moreover, we studied all invasive breast
cancer and we cannot restrict our analysis on invasive ductal
carcinoma. However, the invasive ductal carcinoma is the
commonest type of invasive breast cancer [28, 45]. We
could not adjust for some behavioral women’s character-
istics such as alcohol consumption or smoking habit. Also,
we do not have detailed information about such as specific
regimens of HRT used as well as duration of the exposi-
tion to HRT. Moreover, this study included film and digital
screening mammograms. We have checked the robustness of
our results in a complementary analysis restricted to digital
mammograms. Although the analysis had lower statistical
power (they were based on about half of the DCIS and IBC),
we found the same associations. These results reassure us
that the findings of this study are still valid even in the era
of digital mammography.

Our study also had several strengths. We used a large
population-based cohort of women participating in an
organized screening program, avoiding potential selection
bias due to differential participation. Compared to previous
studies, we have, to our knowledge, the largest number of
screen-detected DCIS. We also have a wide array of women
characteristics, including HRT use, BMI and breast density,
reducing concerns about residual confounding.

In conclusion, our study shows that women’s age, HRT
use and BMI appear to be more strongly associated with IBC
than DCIS. These results suggest that these characteristics
seem to play a role in the progression of breast cancer from
in situ to invasive stage. On the other hand, having a pre-
vious breast aspiration or biopsy and breast density seems
to be more strongly associated with DCIS rather than IBC
detection by mammography. These findings suggest that
these characteristics could be playing a role in the initia-
tion of the breast cancer. However, we must not forget that
cases studied are all screen-detected cancers by mammog-
raphy. All these characteristics can also have an effect on
the screening sensitivity. This effect on sensitivity may be
different depending on whether the screen-detected cases
were DCIS or IBS. Although these findings do not provide
direct evidence regarding the mechanisms underlying the
development of DCIS and IBC, they deepen our understand-
ing of the characteristics that affect DCIS and IBC detection.
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Table 3 Multivariate association of women characteristics with DCIS and IBC detection rate and with the odds ratio of DCIS among screen-
detected breast cancers, for digital screening mammograms only

Characteristics DCIS (N=2145) IBC (N=7678) DCIS versus IBC*
Adjusted®  Adjusted” CDR ~ pvalue  Adjusted®  Adjusted” CDR  pvalue  Adjusted® OR (95% CI)  p value
CDR (%0)  ratio® (95% CI) CDR (%0)  ratio® (95% CI)

Age (years)
50-54 0.88 1.00 <0.0001 2.64 1.00 <0.0001 1.00 0.0196
55-59 1.16 1.31 (1.13-1.52) 3.96 1.50 (1.39-1.63) 0.89 (0.76-1.05)
60-64 1.49 1.68 (1.46-1.95) 5.55 2.11 (1.94-2.28) 0.82 (0.69-0.98)
65-69 1.78 2.02 (1.73-2.36) 6.98 2.66 (2.45-2.88) 0.78 (0.66-0.92)

Screening history
Ini. without prior mam 2.30 1.00 <0.0001 8.60 1.00 <0.0001 1.00 0.9838
Ini. with prior mam 1.56 0.68 (0.54-0.85) 5.62 0.65 (0.58-0.73) 1.02 (0.83-1.25)
Subsequent 1.13 0.49 (0.40-0.60) 4.10 0.47 (0.43-0.52) 1.00 (0.81-1.25)

Breast clinical examination
No 1.13 1.00 0.0050 4.53 1.00 0.0163 1.00 0.0002
Yes 1.29 1.14 (1.04-1.25) 4.28 0.94 (0.90-0.99) 1.22 (1.10-1.35)

Previous breast aspiration or biopsy
No 1.17 1.00 <0.0001 4.23 1.00 <0.0001 1.00 0.3562
Yes 1.64 1.41 (1.25-1.58) 5.50 1.30 (1.23-1.38) 1.07 (0.93-1.22)

Family history of breast cancer
No 1.15 1.00 <0.0001 4.09 1.00 <0.0001 1.00 0.1849
Yes 1.53 1.33 (1.23-1.43) 5.67 1.39 (1.32-1.47) 0.95 (0.88-1.02)

Age at first birth (years)
Nulliparous 1.35 1.00 0.0008 5.06 1.00 <0.0001 1.00 0.4081
<24 1.11 0.82 (0.74-0.91) 3.98 0.79 (0.74-0.84) 1.05 (0.93-1.18)
25-29 1.26 0.93 (0.85-1.02) 4.36 0.86 (0.81-0.91) 1.09 (0.98-1.21)
> 30 1.31 0.97 (0.84-1.12) 4.83 0.95 (0.88-1.03) 1.00 (0.86-1.15)

Menopausal status
Pre 1.47 1.00 <0.0001 4.56 1.00 0.3318 1.00 0.0554
Post 1.18 0.81 (0.72-0.90) 4.36 0.96 (0.88-1.05) 0.87 (0.75-1.00)

HRT use
Never 1.20 1.00 0.0022 4.21 1.00 <0.0001 1.00 0.2253
Previously 1.12 0.93 (0.84-1.04) 4.08 0.97 (0.91-1.04) 0.96 (0.85-1.10)
Currently 1.40 1.16 (1.05-1.29) 5.32 1.27 (1.20-1.34) 0.89 (0.79-1.02)

BMI (kg/m?)
<20.0 1.03 0.89 (0.73-1.09) 0.0011 2.68 0.75 (0.66-0.84) <0.0001 1.19(0.93-1.52) <0.0001
20.0-24.9 1.15 1.00 3.59 1.00 1.00
25.0-29.9 1.25 1.09 (1.00-1.18) 4.64 1.29 (1.24-1.36) 0.84 (0.77-0.91)
30.0-34.9 1.35 1.17 (1.05-1.31) 5.71 1.61 (1.49-1.75) 0.72 (0.64-0.82)
>35.0 1.50 1.30 (1.08-1.57) 6.49 1.81 (1.66-1.99) 0.72 (0.58-0.89)

Breast density
<25% 0.61 1.00 <0.0001 2.73 1.00 <0.0001 1.00 0.0002
25-49% 1.14 1.86 (1.57-2.21) 4.62 1.70 (1.58-1.82) 1.12 (0.94-1.33)
50-75% 1.72 2.80 (2.38-3.30) 5.57 2.05 (1.88-2.22) 1.41 (1.19-1.66)
>75% 1.79 291 (2.33-3.64) 5.36 1.97 (1.78-2.18) 1.50 (1.21-1.85)

Technology used
CR 1.17 1.00 0.1251 4.31 1.00 0.1255 1.00 0.2270
DR 1.38 1.18 (0.95-1.46) 4.58 1.06 (0.98-1.15) 1.11 (0.94-1.31)

DCIS ductal carcinoma in situ, /BC invasive breast cancer, CDR cancer detection rate, CI confidence interval, OR odds ratio, Ini. initial, mam.
mammogram, HRT hormone replacement therapy, BMI body mass index, CR computed radiography, DR direct radiography

20dds of DCIS relative to IBC for a given characteristics

"Models adjust for all the characteristics included in the table and year of screening mammogram (2002-2006, 2007-2011, 2012-2015)

“Logistic regression was used. However, in this situation, the odds ratio can be interpreted as approximations of the breast cancer detection rate

ratios
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