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Abstract

Purpose Screening mammography aims to improve breast
cancer (BC) prognosis by increasing the incidence of early-
stage tumours in order to decrease the incidence of late-stage
cancer, but no reports have investigated these potential
effects in an Australian population. Therefore we aimed to
identify temporal trends in stage-specific BC in New South
Wales (NSW), Australia, between 1972 and 2012.

Methods An observational study of women who received a
diagnosis of BC from 1972-2012 as recorded in the NSW
Cancer Registry, a population-based registry with almost
complete coverage and high rates of histological verifica-
tion. We analysed trends in stage-specific incidence before
screening and compared them to periods after screening
began. Our primary group of interest was women in the
target age range of 50-69 years, though trends in women
outside the target age were also assessed.

Results Screening was not associated with lower incidence
of late-stage BC at diagnosis. Incidence for all stages
remained higher than prescreening levels. In women aged
50-69 years, the incidence of carcinoma in situ (CIS),
localised and regional BC has more than doubled compared
to the prescreening era, with incidence rate ratios ranging
from 2.0 for regional (95% CI 1.95-2.13) to 121.8 for CIS
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(95% CI 82.58-179.72). Before the introduction of screen-
ing, there was a downward trend in distant metastatic BC
incidence, and after the introduction of screening there was
an increase (IRR 1.8; 95% CI 1.62-2.00). In women too
young to screen the incidence of late-stage BC at diagnosis
also increased, whereas localised disease was stable.
Conclusions The incidence of all stages of BC has
increased over the past 40 years, with the greatest rise seen
during the established screening period for women aged
50-69 years. Our findings suggest that some of the
expected benefits of screening may not have been realised
and are consistent with overdiagnosis.

Keywords Breast neoplasms - Mass screening -
Mammography - Epidemiology - Medical overuse

Abbreviations

BC Breast cancer

CIS Carcinoma in situ

HRT Hormone replacement therapy
IR Incidence rates

IRR Incidence rate ratios

IRD Incidence rate differences
MBS Medicare benefits schedule
NSwW New South Wales

NSWCR New South Wales Cancer Registry
SNB Sentinel node biopsy
Introduction

For a cancer screening programme to be effective, it must
detect disease at an early stage so that treatment might alter the
natural history and reduce the risk of metastases [1]. In turn,
this should decrease cancer mortality [2]. Therefore effective
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screening should result in an increased incidence of early-
stage cancer and decreased incidence of late-stage cancer.

Staging information is essential in determining cancer
prognosis [3, 4], treatment options and the effectiveness of
screening programmes. Thus an analysis of stage-specific
incidence is important when considering the benefits and
harms of early detection. Trends in the stage distribution of
BC before, during and after the introduction of the Aus-
tralian national screening programme, BreastScreen, have
not been evaluated. While several international studies
have considered the stage distribution of BC incidence
[5-12], few included CIS [5, 6, 8, 11], or assessed long-
term effects of established screening [5, 7, 10].

Over the past three decades, the lifetime risk of an
Australian woman being diagnosed with invasive BC has
increased, from 1 in 12 to 1 in 8 [13]. The state of NSW in
Australia provides a unique opportunity to examine the
association of screening and incidence of advanced cancer
as it is the only jurisdiction with historical records of BC
stage at diagnosis. Since 1988, BreastScreen has offered
free biennial screening to NSW women over age 40 using
two-view mammography with double-reading. From
1991-2012, women aged 50-69 years were targeted via
letters of invitation. Biennial participation rates for NSW
women in the target age group have ranged from 51 to
56%. Participation for eligible women outside 50—69 years
has been more variable, with higher rates in the early years
of the programme at around 22%, dropping sharply in 2005
to around 7%. While the overall clinical burden of BC has
increased, we do not know if this has translated into a
decrease in more advanced cancers. Our aim was to
examine the trends in stage-specific incidence of BC in
women within and outside the target age group for
BreastScreen, before and after the introduction of
screening.

Methods

Study design and setting

Descriptive study set in NSW where around one-third of
Australia’s female population reside.

Data sources and population

Incidence

We obtained de-identified individual data for all cases of
female BC from the NSW Cancer Registry (NSWCR)
diagnosed from 1972-2012. The NSWCR contains records

of all new diagnoses of cancer in residents of NSW. The
Registry has been collecting cancer data since 1972 with
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mandatory pathology reporting from 1986 and almost
100% coverage. BC is histologically verified for over 99%
of CIS cases and approximately 95% of invasive lesions.
The NSWCR is the only cancer registry in Australia that
contains information on degree of spread from 1972
onwards. CIS of the breast has been notifiable since 1992
and completeness of CIS data before this time was esti-
mated to be around 90% [14]. Female population estimates
were obtained from the Australian Bureau of Statistics
[15]. Our research protocol was approved by the NSW
Population & Health Services Research Ethics Committee.

BC stage is assigned from the highest degree of spread
within 4 months of the diagnosis. The NSW summary
stage indicator is equivalent to the US Surveillance and
Epidemiology End Results historic stage A (SEER
SS2000) [16]. It classifies degree of BC spread as: CIS (a
neoplasm that remains in the position of origin and has not
invaded the basement membrane); localised (node-negative
cancer confined to the breast); regional (spread to adjacent
tissues or regional lymph nodes); distant metastases (spread
beyond the breast, adjacent tissues and regional lymph
nodes); and unknown (invasive BC with an unknown stage
at diagnosis).

Inclusion and exclusion criteria

We identified 133,658 women with BC, diagnosed from
1972-2012: 12,218 CIS; 59,149 localised; 41,109 regional;
7309 distant metastases; and 13,873 unknown. We exclu-
ded cases that were not histologically verified (n = 6949),
the majority of whom had an unknown stage (n = 3660),
leaving 126,709 eligible women.

Screening mammography attendance

Screening mammography has been established in NSW for
over 25 years. Data on annual numbers of mammographic
examination for women aged 40 years and older were
obtained from BreastScreen NSW for 1988-2012 (Fig. 1a).
These data did not include private screening, and an
additional 6.9% of NSW women aged 50-69 years have a
bilateral mammogram annually through the Medicare
Benefits Schedule (MBS), many of whom are likely to be
asymptomatic and the mammography performed for
screening purposes [17]. To capture publically funded
screening outside of the programme, we obtained data on
the number of bilateral mammograms in NSW reimbursed
by the MBS from the Department of Human Services since
1984 (MBS item number 2734 for 1984-1991 and 59300
for 30 November 1991 onwards). The rate of MBS
screening peaked around 1991, declined until 1996 and has
been relatively stable since (Fig. 1b). The proportion of
MBS-funded bilateral mammograms in women aged
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50-69 years performed for screening purposes has been
estimated to be around 53% [17], but is likely to be higher.

Statistical analysis

We divided the study into five time periods, which repre-
sent important periods concerning screening

Years

= @ 40-49  emmpm—50-69 70+

mammography in NSW. 1972-1983 was the period where
there was no government-funded mammography and
women were unexposed to mass screening. 1984—1987 saw
the implementation of government-funded diagnostic
mammography through the MBS and opportunistic
screening. From 1988-1995, population-based screening
was gradually introduced via BreastScreen NSW.
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1996-2005 was the period where BreastScreen had full
geographical coverage and reached a steady state.
2006-2012 saw the gradual replacement of film with dig-
ital mammography [18]. In each period, and for individual
years over the entire study period from 1972-2012, we
calculated the stage-specific incidence rates, standardised
to the Australian 2001 population [19]. We used Poisson
regression to analyse trends in incidence by period for
relevant age groups. We compared incidence rates (IR),
incidence rate ratios (IRR) and incidence rate differences
(IRD) across the different periods for each age group.

We conducted two sensitivity analyses around unknown
stage and method of diagnosis. Firstly, we recategorised
unknown stage as localised, regional or distant metastatic
BC. Secondly, we included women who did not have his-
tologic verification and diagnosis was by any method,
including cytology, imaging, post-mortem, death certificate
as well as histology.

We used SAS software for statistical analyses [20]. We
assumed that the number of cases for a specific period
would follow a Poisson distribution from which 95% Cls
were estimated [21]. For scatter plots, we used penalised
B-splines to fit a smooth curve through trend points using
the PBSPLINE statement in the SGPLOT procedure.

Results

A total of 126,709 women diagnosed with BC between
1972 and 2012 were eligible for the study. Figure 2 shows
trends in the age-standardised incidence of stage-specific
BC over time for women of all-ages, and Fig. 3 for women

Fig. 2 Age-standardised 70

younger than 40 (Fig. 3a), women aged 40-49 (Fig. 3b),
women aged 50-69 (Fig. 3c), and those aged 70 and older
(Fig. 3d).

There was a gradual increasing temporal trend in the age-
standardised rates of CIS, localised and regional BC inci-
dence for all-ages that accelerated from the late 1980s,
coinciding with the introduction of screening mammogra-
phy; rates for these stages have remained elevated since
(Fig. 2). In contrast, the incidence of distant metastatic BC
was relatively stable before screening, with rates for the most
recent period of 2006-2012 higher compared to the pre-
screening period. The incidence of unknown BC fluctuated
and was at its lowest level during 2006-2012. In women
younger than age 40, there was a proportional increase in
regional breast cancer, though the absolute change was small
(Fig. 3a); the incidence of all other stages remained stable.

Early-stage breast cancer trends

The increased incidence of CIS and localised BC rates in
NSW was greatest in women aged 50-69 years (Table 1;
Fig. 3c). The average annual incidence of CIS among
women aged 50-69 increased from 0.5 per 100,000 before
screening to 58.8 per 100,000 during 2006-2012, corre-
sponding to an IRD of 58.3 per 100,000 (95% CI
56.3-60.4) and IRR of 121.8 (95% CI 82.58-179.72)
(Table 1). The incidence of localised BC more than dou-
bled, from 63.3 before screening to 162.6 per 100,000
women during 2006-2012, with an IRD of 99.3 per
100,000 (95% CI 95.3-103.2) and an IRR of 2.6 (95% CI
2.47-2.67). In contrast, rates of CIS and localised BC in
women younger and older than the screened group were
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either stable or had much smaller increases in IRRs com-
pared to those aged 50-69 (Table 1; Fig. 3a, b, d).

Late-stage breast cancer trends

Changes in rates of late-stage BCs were similar for women
aged 50-69 and those outside of the screening target age
group (Table 1; Fig. 3). Regional BC in women aged
50-69 doubled from 53 per 100,000 before screening to
107 per 100,000 during 2006-2012, with an IRD of 54.4

Year of Diagnosis

per 100,000 (95% CI 51.1-57.7) and an IRR of 2.0 (95%
CI 1.95-2.13). Over the same period, distant metastases
increased from 9 to 17 per 100,000 with an IRD of 7.5 per
100,000 (95% CI 6.2-8.9) and an IRR of 1.8 (95% CI

1.6-2.0).

Sensitivity analysis

Incorporating cases that were not histologically verified
made little difference to estimates for women younger than
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50 years and did not affect early-stage BC. For regional
BC, it decreased the IRR for women aged 70 and older
from 2.1 to 1.7. For distant metastases, it decreased esti-
mates for older women, though IRs remained equal to or
higher than prescreening levels. For 2006-2012, the IRR in
women aged 50-69 changed from 1.8 for histologically
verified cancer to 1.3 for any method of diagnosis. The
largest change in the IRR for distant metastases was in
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those older than 70 years with the IRR decreasing from 1.8
to 1.0.

When we recategorised all invasive cancers of unknown
stage as localised and regional BC, it had a minimal effect
on our estimates and the incidence trends persisted. Due to
the relatively small number of cases of distant metastases,
the IRs and IRRs were influenced by the addition of
unknown stage, with the IRRs decreasing after 1996 for all
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Table 1 Stage-specific incidence of breast cancer and incident rate ratios (IRR) by age group and screening period for NSW women (per
100,000 women)

1972-1983 1984-1987 1988-1995 1996-2005 2006-2012
Prescreening Government-funded diagnostic Screening roll-out Established screening  Digital roll-out
mammography
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
In Situ
All ages 0.3 (0.3-0.4) 1.0 (0.8-1.2) 59 (5.6-6.3) 16.4  (15.9-16.8) 19.2 (18.7-19.8)
IRR 1.00 (Reference) 2.93 (2.17-3.95) 17.93 (14.32-22.44) 49.36 (39.63-61.49) 57.96  (46.52-72.20)
20-39 0.1  (0.0-0.2) 0.6 (0.3-0.8) 1.4 (1.1-1.6) 23 (2.0-2.6) 3.1 (2.6-3.5)
IRR 1.00 4.32 (1.99-9.41) 10.57 (5.48-20.37) 17.85 (9.42-33.84) 2372 (12.50-44.98)
40-49 1.1 (0.8-1.5) 2.6 (1.7-3.5) 10.8  (9.6-11.9) 244 (23.0-25.8) 272 (25.5-28.9)
IRR 1.00 2.34 (1.45-3.75) 9.72  (6.92-13.65) 22.00 (15.86-30.53) 24.56 (17.68-34.12)
50-69 0.50 (0.3-0.7) 1.4 (0.9-2.0) 16.1  (14.9-17.3) 474  (45.7-49.1) 58.8 (56.8-60.8)
IRR 1.00 297 (1.73-5.11) 33.37 (22.48-49.52) 98.10 (66.49-144.74) 121.80 (82.58-179.72)
70+ 04  (0.1-0.7) 1.6 (0.8-2.4) 9.0 (7.6-10.2) 31,5 (29.6-33.4) 31.0 (28.8-33.2)
IRR 1.00 3.95 (1.74-8.98) 21.70 (11.08-42.49) 7592 (39.22-146.95) 74.90 (38.66-145.12)
Localised
All ages 30.4 (29.7-31.1) 37.7 (36.5-38.9) 479  (47.0-48.8) 58.6 (57.8-59.4) 57.6 (56.7-58.5)
1 (Reference) 1.24 (1.19-1.29) 1.57  (1.53-1.62) 1.93  (1.88-1.98) 1.89 (1.84-1.95)
20-39 87 (8.1-94) 10.3 (9.2-11.4) 9.9 (9.2-10.7) 103 (9.6-10.9) 9.5 (8.8-10.2)
IRR 1.00 1.18 (1.03-1.34) 1.13  (1.02-1.26) 1.18  (1.07-1.30) 1.08 (0.98-1.21)
40-49 48.8 (46.4-51.1) 58.8 (54.6-63.1) 68.9  (66.0-71.8) 724 (69.9-74.8) 69.8 (67.0-72.5)
IRR 1.00 1.21 (1.11-1.32) 141  (1.32-1.51) 1.48  (1.40-1.57) 1.43 (1.34-1.52)
50-69 63.3 (61.2-65.4) 81.8 (77.8-85.7) 1174 (114.1-120.6) 1579 (154.8-161.0) 162.6  (159.2-165.9)
IRR 1.00 1.29 (1.22-1.37) 1.85  (1.78-1.94) 249  (2.40-2.59) 2.57 (2.47-2.67)
70+ 91.6 (87.6-95.6) 111.2 (104.5-118.0) 131.1 (126.4-135.8) 155.0 (150.8-159.2) 140.2  (135.6-144.7)
IRR 1.00 1.21 (1.13-1.31) 143 (1.35-1.51) 1.69  (1.61-1.78) 1.53 (1.45-1.62)
Regional
All ages 22.6 (22.0-23.2) 26.7 (25.7-27.8) 309 (30.9-31.6) 374  (36.8-38.1) 44.4 (43.6-45.2)
1.00 (Reference) 1.18 (1.13-1.24) 1.37  (1.32-1.41) 1.66  (1.61-1.71) 1.96 (1.90-2.03)
20-39 73 (6.7-1.9) 7.5 (6.5-8.4) 10.0  (9.3-10.8) 105  (9.9-11.2) 12.8 (11.9-13.6)
IRR 1.00 1.03 (0.89-1.19) 1.38  (1.23-1.54) 1.45 (1.31-1.61) 1.76 (1.58-1.95)
40-49 39.8 (37.742.0) 47.0 (43.2-50.8) 543  (51.7-56.9) 62.3  (60.0-64.5) 72.3 (69.5-75.1)
IRR 1.00 1.18 (1.07-1.30) 1.36  (1.27-1.47) 1.56  (1.47-1.67) 1.82 (1.70-1.94)
50-69 525 (50.6-54.4) 613 (57.8-64.7) 73.0 (70.4-75.6) 93.4  (91.0-95.8) 106.9  (104.2-109.7)
IRR 1.00 1.17 (1.09-1.25) 1.39  (1.32-1.46) 1.78  (1.70-1.86) 2.04 (1.95-2.13)
70+ 48.1 (45.3-51.0) 62.5 (57.5-67.5) 629  (59.7-66.2) 76.5  (73.6-79.5) 100.9  (97.0-104.7)
IRR 1.00 1.30 (1.17-1.43) 1.31  (1.21-1.42) 1.59  (1.48-1.71) 2.10 (1.95-2.249)
Distant metastases
All ages 4.1 (3.9-4.4) 43 (3.9-4.7) 3.2 (3.0-3.4) 4.8 (4.6-5.0) 7.2 (6.9-7.5)
1.00 (Reference) 1.05 (0.93-1.17) 0.77  (0.70-0.85) 1.16  (1.07-1.25) 1.74 (1.61-1.87)
20-39 1.1 (0.8-1.3) 1.1 (0.8-1.5) 0.5 (0.3-0.7) 1.0 (0.8-1.2) 1.5 (1.2-1.8)
IRR 1.00 1.07 (0.73-1.57) 0.47  (0.32-0.70) 093  (0.69-1.25) 1.42 (1.06-1.89)
40-49 58  (5.0-6.6) 5.4 (4.1-6.7) 3.7 (3.0-4.4) 5.5 (4.9-6.2) 9.3 (8.3-10.3)
IRR 1.00 0.93 (0.70-1.23) 0.64  (0.51-0.80) 095 (0.79-1.14) 1.60 (1.34-1.91)
50-69 94 (8.6-10.2) 9.7 (8.4-11.1) 7.6 (6.8-8.5) 122 (11.4-13.1) 16.9 (15.8-18.0)
IRR 1.00 1.04 (0.88-1.23) 0.82  (0.71-0.94) 1.30  (1.17-1.46) 1.80 (1.62-2.00)
70+ 125 (11.1-14.0) 142 (11.8-16.6) 11.0  (9.7-12.4) 143 (13.1-15.6) 229 (21.1-24.7)
IRR 1.00 1.13 (0.92-1.39) 0.88  (0.74-1.04) 1.14  (0.90-1.32) 1.83 (1.59-2.11)
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Table 1 continued

1972-1983 1984-1987 1988-1995 1996-2005 2006-2012
Prescreening Government-funded diagnostic Screening roll-out Established screening  Digital roll-out
mammography
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Unknown
All ages 6.4  (6.1-6.7) 9.6 (9.0 -10.2) 13.8  (13.3-14.3) 8.8 (8.5-9.1) 44 (4.1-4.6)
1.00 (Reference) 1.50 (1.39-1.63) 216  (2.04-2.29) 1.38  (1.30-1.46) 0.68 (0.63-0.73)
20-39 47 (43-5.1) 6.4 (5.7-7.2) 8.0 (7.5-8.6) 4.6 (4.2-4.9) 2.1 (1.8-2.4)
IRR 1.00 1.37 (1.18-1.59) 1.70  (1.52-1.91) 097  (0.86-1.09) 0.44 (0.38-0.52)
40-49 9.9 (89-11.00 135 (11.5-15.6) 17.8  (16.4-19.3) 9.7 (8.8-10.6) 4.6 (3.9-5.3)
IRR 1.00 1.36 (1.13-1.6) 1.80  (1.57-2.06) 098  (0.85-1.13) 0.46 (0.38-0.56)
50-69 12.8 (11.8-13.7) 194 (17.5-21.3) 30.7  (29.0-32.4) 18.8  (17.7-19.9) 7.7 (6.9-8.4)
IRR 1.00 1.52 (1.34-1.72) 240  (2.20-2.63) 1.47  (1.34-1.62) 0.60 (0.53-0.68)
70+ 203 (18.4-22.2) 33.0 (29.3-36.7) 474  (44.6-50.3) 344  (32.5-36.3) 21.5 (19.9-23.2)
IRR 1.00 1.63 (1.41-1.88) 234 (2.09-2.62) 1.70  (1.52-1.90) 1.06 (0.94-1.20)

Rates were standardised by 5-year age intervals within broad age groups, using the Australian 2001 population

age-groups. Younger women diagnosed with distant
metastases were most sensitive to this recategorisation,
with IRs for 2006-2012 less than prescreening levels.
When we recategorised unknown stage as distant metas-
tases in women older than 50 years, IRs remained higher in
2006-2012 compared to prescreening levels.

Screening participation

The increase in early-stage BC incidence in women aged
50-69 during the late 1980s coincided with increasing rates
of MBS-funded bilateral mammograms, which rose by
approximately 40% per year from 1985-1991 (Fig. 1b).
BreastScreen NSW started in 1988 and screening rates
increased dramatically from 1991-1993 (Fig. la) follow-
ing a policy decision to actively recruit women via letters
of invitation and advertising. Although women aged
50-69 years were officially targeted, local jurisdictions
were able to recruit eligible women outside of the target
age range using advertisements. From 2005 onwards,
recruitment was limited to women aged 50-69, reflected in
the large fall in screening mammography rates for women
outside of the target age range at this time.

Discussion
Key results
We present the first temporal analysis of stage-specific
incidence of BC in Australia. The data suggest that

screening mammography involved a substantial rise in the
detection of early-stage cancers that was not matched by a
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reduction in late-stage cancers. In fact, IRs for both early-
and late-stage disease increased after the introduction of
screening and incidence has not returned to prescreening
levels. Before BreastScreen, CIS of the breast was rare and
never above 1 per 100,000 in any age group. While still
uncommon in women younger than 40, the incidence of
CIS is now 59 per 100,000 for women aged 50—69 years.
The incidence of localised BC among women invited to
screening is currently double that in the prescreening era.
Although the incidence of regional and distant metastases
have also increased, this has been at similar rates for
women outside and inside the screening targeted age range.
Taken together, these data suggest that while the back-
ground rate across all stages has increased, screening has
resulted in the detection of many more early-stage cancers.

Strengths and limitations

The NSWCR is a large, population-based dataset spanning
over 40 years, has almost 100% coverage and high rates of
histological confirmation. Notification of cancer to the reg-
istry has been mandatory since 1972 ensuring high coverage
of population incidence. Screening mammography should
have an immediate effect by increasing incidence directly
after introduction (especially with early-stage cancers), and
a delayed effect of reducing incidence in women who have
left the screening programme (especially late-stage cancers,
if there is a beneficial effect of early detection). We utilised
40 years of data which allows for these immediate and
delayed effects. It is one of the few international registries
that have collected data on stage, including CIS, from the
outset. These factors make the NSWCR a unique dataset for
studies of cancer epidemiology.
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Our study, however, has several limitations. Histological
verification for early-stage and regional BCs was high
(98.8% of early-stage cancer and 97.6% of regional), but
less complete for distant metastases (80.7%) and unknown
cancers (73.6%). This is likely due to several factors
including the availability of histopathology services in
rural and remote areas of NSW, as well as clinical varia-
tion. Historically, clinical diagnosis (including imaging)
was more common and histologic verification was deemed
unnecessary as there were limited treatment options for
advanced disease [22, 23]. Biopsy confirmation of distant
metastases was rarely performed [24], with elderly and frail
patients undergoing less testing and treatment [25]. In
recent decades, however, histological confirmation has
increased for distant metastases (91%) and unknown (75%)
cancers, likely reflecting changes in clinical practice and
better distribution of services throughout regional NSW.
We conducted a sensitivity analysis around this by
including any method of diagnosis for all stages and IRs
remained equal to or higher than prescreening levels.

Although the rarity of CIS of the breast during the
prescreening era may reflect some underreporting (CIS,
unlike invasive cancer, was not legally notifiable in NSW
until 1992) [14], estimates of the ratio of CIS to invasive
BC were similar to other states where CIS was legally
notifiable [14]. Further, prescreening incidence before 1983
was similar to other countries [26], suggesting capture was
good. Regardless, almost 30 years of diagnostic and
screening mammography in NSW have contributed to a
substantial increase in the incidence of CIS. The detection
of additional CIS is beneficial only when there is a corre-
sponding decrease in the presentation of invasive disease
which we did not observe.

Our results may be influenced slightly by the small
proportion of cancers for which stage at diagnosis was
unknown. Unknown stage accounts for 8.1% (n = 10,213)
of all histologically verified cancers in our dataset and
10.4% (n = 13873) of all BC cases. Unknown stage has
decreased over time, and the proportion of BC of unknown
stage has fallen from 15% to 5%. Along with some of the
changes in clinical practice outlined above, this decrease
may be due to improving and more frequent cancer staging
techniques. As unknown stage was more common in the
prescreening period, the migration from unknown to
known stages in more recent periods may have inflated the
IRRs for invasive BCs (but not CIS). When we recate-
gorised unknown stage as localised and regional, however,
the incidence trends persisted. For distant metastases, the
IRs and IRRs decreased as the small numbers in this cat-
egory meant they were strongly influenced by the addition
of unknown stage.

We provide estimates of the incidence rates for women
outside of the target age range, where the IRRs have

progressively increased compared to the prescreening
period, though to a lesser extent than among women aged
50-69. The fall in localised disease during 2005 in women
aged 70 and older coincided with a decrease in screening
participation (Fig. 1a and Fig. 3d). Thus it is unlikely to be
due to a compensatory drop in incidence following earlier
detection of BC among the target age group [27]. There
are, however, other factors that may explain some of the
observed increasing incidence of BC in older women.
Hormone replacement therapy (HRT) use is a known risk
factor for BC [28]. HRT prescriptions in women older than
50 increased from 1996-2001 [29], but decreased by 55%
between 2001 and 2005 [30-32] following the publication
of the Women’s Health Initiative trial in 2002 [33].
Although some of the increase in BC incidence observed
during 1996-2001 would be explained by HRT, BC risk
returns to the population risk within two years after stop-
ping HRT [34], thus HRT is unlikely to explain the
increased rates during 2006-2012. While the decrease in
HRT use after the publication of the Women’s Health
Initiative trial has been linked to falls in the rates of BC for
women in the target screening age of 50-69 years [29],
current incidence remains higher than 2001, the estimated
prevalence peak of HRT use in NSW.

Although the definitions of stage in the NSWCR have
remained consistent over time, there may be differences in
how cancer stage is determined due to increasing use of
diagnostic tests. The adoption of sentinel lymph node
biopsy (SNB) in NSW in the late 1990s [35, 36] for
example, may have caused stage migration of localised to
regional BC. The impact of this ‘upstaging’ is evident
from 1998 (prior to SNB) through 2008, where the inci-
dence of regional BC for all-ages increased by 28%, from
33.5 to 43.0 per 100,000 (Fig. 2), with 83% of NSW
women diagnosed with BC in 2008 undergoing SNB [37].
SNB brought more meticulous examination of specimens,
including a greater number of sections of tissue and
enhanced staining [38] and the detection of micrometas-
tases in lymph nodes [39]. Advances in pathological
specimen processing and development of standards for
axillary surgery in women may also have shifted some
cancers to regional that would have otherwise been clas-
sified as localised. Likewise, the introduction of new
technologies that are more sensitive than conventional
imaging may have increased the detection of distant
metastases [40] and moved some localised, regional or
unknown BC into the distant category; however, we could
find no direct evidence for this from population datasets.
Stage migration, however, may not fully explain the rise
of late-stage tumours. Other possible contributors to the
ongoing increase in the incidence of regional BC include
changes in the prevalence of risk factors for BC such as
postmenopausal obesity [41], reproductive factors

@ Springer



852

Breast Cancer Res Treat (2017) 166:843-854

[42, 43], and increased awareness of BC and use of other
early detection methods.

Comparison with other studies

International estimates from Denmark [44], the Nether-
lands [45], the USA [46] and the UK [12], found no
decrease in advanced BC incidence with screening, along
with large increases in early-stage disease. A review of
incidence trends in Australia, Europe and the USA
showed that in areas where screening mammography had
been implemented there was no decrease in late-stage BC
[47]. Two studies from the USA found a large increase in
early-stage BC and a slight decrease in advanced BC
[5, 7]. A similar pattern has also been observed in older
women in the Netherlands [48]. A linked data analysis of
BC incidence from Norway reported that screening
attendance was associated with increased rates of early-
stage and decreased rates of late-stage BC compared to
non-attendees [8]. These results, however, are prone to
selection bias due to the comparison groups, and in
contrast to three other studies from Norway that found an
increase in early-stage cancers with no decrease in more
advanced cancers [9-11].

Interpretation

After a steady state of screening is reached, we would
expect to see the incidence of early-stage BC stabilise and
a fall in the incidence of late-stage disease. We found no
evidence of a decrease in regional or metastatic BC. That
distant metastases do not appear to be affected by screening
mammography is a concern given prevention of advanced
disease is a key aim of screening, along with a reduction in
BC mortality. Further, with steady-state screening and
relatively stable participation rates up to 2005, we would
expect the incidence of CIS to stabilise. During
2006-2012, however, the absolute increase in the incidence
of CIS relative to the period 1996 through 2005 for all age
groups was 3 per 100,000. Reasons why the incidence
continued to rise, especially when screening participation
decreased in women outside of the target age range
(Fig. 1a), may include changes in risk factors and more
sensitive technology with the transition from film to digital
mammography [49-51].

BC mortality rates in NSW have decreased considerably
over the past 30 years. Among women aged 50-69 years,
deaths from BC declined by 30%, from 68 to 48 deaths per
100,000 [52]. This reduction is probably due to both the
effects of screening mammography and improved man-
agement [53-55]. Although we do not observe a decrease
in distant metastases, we do not know what the trends
would have been in the absence of screening. It is possible
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that screening may have resulted in relatively fewer
metastases. These unexpected findings in relation to
advanced cancer rates should prompt further exploration
around their causes.

Further, our results indicate that our understanding of
the natural history of BC is incomplete. They suggest that
mammography may have limited ability to detect aggres-
sive cancers at an earlier stage to prevent advancement to
metastatic disease. The relatively stable incidence of dis-
tant metastases in NSW, despite widespread early detection
and treatment, is consistent with the idea that BC may be a
systemic disease [56] rather than one that progressively
spreads [57, 58]. This theory is supported by the absence of
any long-term adverse effects on distant metastatic rates or
survival, following the clinical practice shift away from
radical mastectomies to breast conserving surgery [59].
Our findings lend support to trials evaluating de-escalation
of therapy for certain types of early-stage BC, such as
DCIS [60].

Finally, our results are consistent with previous reports
of overdiagnosis of invasive BC in NSW [61]. Due to the
observational nature of our study, however, they require
corroborating evidence as benefits and harms—including
overdiagnosis—are best estimated by randomised con-
trolled trials with long-term follow-up [55].

Conclusion

After 25 years of screening mammography, we found no
evidence that detection of early-stage BC has reduced the
incidence of late-stage disease. Combined with the
expected increase in the incidence of early-stage cancers
evident in this analysis, the overall result suggests sub-
stantial overdiagnosis, with a net increase in the clinical
burden of BC and cost to the health system. Our findings
indicate that some of the expected benefits of screening
may not have been realised.
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