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Thirty Years of Morbidity and Mortality from State Based
Mammographic Screening for Breast Cancer in Victoria,

Australia
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ABSTRACT @ oPeN AccESS

IMPORTANCE: In Australia and other high-income countries diagnosis of the most curable stages of
breast cancer, early breast cancer (EBC), in women by population based mammographic screening
and administering postsurgical adjuvant endocrine and chemotherapy (adjuvant therapy), began in
the 1990s. In only a few populations have long term trends in the incidence of breast cancer stages
at diagnosis been measured and the advanced stages of breast cancer have increased or remained
stable. Therefore, mammographic screening could not have caused these declines in those
populations, which include Victoria Australia. In contrast, in Victoria adjuvant therapy use can explain
this decline.

OBJECTIVE: To examine whether mammographic screening has continued to have no impact on
breast cancer mortality by updating the 1986-2013 Victorian State report to 2019.

DESIGN, SETTING, AND PARTICIPANTS: Data from January 1, 1982, to December 31, 2019, were
obtained from the Victorian Cancer Registry (VCR) based in the Cancer Council Victoria (TCCV) and
VCR based breast cancer management surveys for all Victorian women with invasive breast cancer.
EXPOSURES: Participation in BreastScreen Victoria and receipt of adjuvant therapy after surgery for
EBC.

MAIN OUTCOMES AND MEASURES: Data were analysed for associations between trends in female
crude breast cancer mortality, downstaging by mammographic screening and adjuvant therapy
administration.

RESULTS: The VCR registered 30,350 women with invasive breast cancer between January 1, 2013,
and December 31, 2019, reporting these incidences by the end of the year following registration. The
crude incidence of advanced breast cancer combined tumour, node, metastases (TNM) stages 3 and
4 increased by 22% from 31 per 100,000 women in 2013 to 38 per 100,000 women in 2019, his is
triple what it was in 1986, before population based mammographic screening commenced in Victoria.
CONCLUSIONS AND RELEVANCE: Mammographic screening did not down-stage breast cancer in
Victoria from TNM advanced stages 3 and 4 to early stages TNM 1 and 2 between 2013 and 2019.
Adjuvant therapy uptake by women with EBC has continued and is associated with all of the decline
in Victorian breast cancer mortality since population based mammographic screening began in 1993.
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Introduction
The World Health Organization (WHO) International Agency for Research on Cancer (IARC) stated in its

Cancer Prevention Handbook Volume 15, 2016": That the rates of breast cancer screening of advanced-
stage disease were a direct measure of the impact of early detection by screening and that to estimate the
potential beneficial effect, not simply the proportion of cases with advanced-stage disease, but also the
reduction in the absolute rate of advanced-stage disease should be reported'. Early breast cancers (EBC),
which are the most curable, are defined as tumour, node, metastases (TNM) stages 1 and 2 and
late/advanced less curable breast cancers as TNM stages 3 and 42 These definitions are congruent with the
early Breast Cancer Trialist’s Collaborative Group (EBCTCG) and Victorian Cancer Registry (VCR) definitions
of EBC as breast cancer confined to the breast and adjacent axilla that can all be removed surgically®*.
Advanced stage 3 is breast cancer that extends onto and/or into the chest wall beyond the anatomical
breast and/or breast cancer with fixed axillary lymph node metastases and/or axillary lymph node
metastases below the apical group level and/or lymph node metastases in the neck and thorax that cannot
all be removed surgically?®. Stage 4 is breast cancer metastatic to organs and tissues via haematogenous
and/or pleural and peritoneal spread??.

In 2020 we published an analysis of trends in the crude incidences of female TNM stages 1,2,3 and 4 breast
cancer from 1986 to 2013 for the state of Victoria, Australia, using data from two VCR based breast cancer
management surveys, a VCR based staging project, the VCR 2013 Cancer in Victoria report® and the VCR
database®. That analysis showed that TNM late/advanced crude breast cancer stages 3 and 4 combined
(stages 3&4) incidence had doubled in that period. Therefore, screening mammography, which must reduce
the incidence of stages 3&4 to directly reduce breast cancer mortality, could not have caused that one-third
reduction in crude breast cancer mortality since the mortality peaked in 1994°. Adjuvant chemotherapy and
endocrine therapy (adjuvant therapy) uptake in 1999 by women with EBC could account for all that mortality
reduction’.

The recent TCCV annual VCR Cancer in Victoria Epidemiology and Trends reports for 2019 and 2020 have
included crude stages of breast cancer at diagnosis data from 2008 to 2019%’. These VCR publications report,
for the first time, that the missing data on breast cancer stages incidences had a five-year survival between that
of stage 3 and 4, but close to that of stage 3°’. In addition, new data has become available from a VCR based
cohort study for adjuvant therapy use by Victorian women after surgery for EBC in 2004 to 2006°. Herein we

update our previous analysis® and have included changes consequent upon the recent VCR Cancer in Victoria
2019 and 2020 publications® ¢ 7.

METHODOLOGY

This updated secondary analysis of cross-sectional studies that compares trends in Victorian female breast
cancer mortality, stage at diagnosis and uptake of adjuvant therapy by women with EBC complies with the
STROBE guidelines as reported previously?, and follows the STOBE guidelines for discussion presentation
of key results, study limitations, interpretation and generalisability. All the epidemiological data in this report

are in the public domain and have been published and/or can be obtained by request to the VCR*¢7.

The crude breast cancer incidence rates (CIR) for all Victorian female residents and stages 3&4 and stage 4
crude incidence rates from 1986 to 2019 are shown in Table 1. The stages 3&4 data from 2008 to 2019

have been corrected for missing stage data, which had 5-year breast cancer survival between those of stages
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3 and 4 but much closer to that of Stage 3°’. Therefore, the stage 4 crude incidence rates, which are from
1995 to 2018, have not been changed. Further, we have assumed that this also applies to 2006 and 2007,
since these years were included in a VCR staging a research project'’. Another consequence of these VCR
publications is that our previous assumption, based on the 1986 (VCR) based breast management survey
analysis [3-supplement], of all unknown incidence stages having a similar stage distribution to breast cancer for

which staging data was known is no longer tenable.

Adjuvant endocrine therapy uptake by women with EBC was 62% in the Victorian component of the 1995
National Breast and Ovarian cancer management survey'? and 74% in the 1999 Victorian breast cancer
management survey'. Adjuvant chemotherapy uptake in the 1999 Victorian breast cancer management
survey was 72% in premenopausal women and 29% in postmenopausal women with EBC™, calculated to
be 40% of all the 1001 women with EBC registered by the VCR in 1999 [3-supplement calculations]. New
information on adjuvant therapy uptake in 2004-2006 is now available from a VCR based BUPA funded

breast cancer cohort study and so it has been included here-in? 1%,

Recruitment to that VCR based BUPA cohort has been well described’ and the cohort is representative of
Victorian women diagnosed with EBC in the 31 months of recruitment, except women for whom English
was a second language, women aged more than 80 years and women treated in public hospitals could be
under-represented. However, the distribution of primary tumour sizes in five size categories and age
distribution by decade 70 years and under were almost identical in that cohort to all women registered by
the VCR with invasive breast cancer in 2006°.

Table 1. Victorian Female Breast Cancer Incidence and combined Stages 3 & 4 Crude Incidence Rates (CIR)
per 100,000 Women Trends: 1986-2019

SURVEY and VCR | Women Total N (%) Tumour, | N(%) Stages 3&4 | Stage 4
data with breast | Female Node, Metastases | Missing CIR* Trend | CIR
cancer CIR Trend | (TNM) data* Trend
Stages 3&4*

Victoria** 799 79 128(16) 20(16) 12 NA
1986 survey

Victoria** 1316 116 151(12) 53(4) 19 5.4
1995 survey

Victoria Staging | 2974 124 474(16) 19(4) 25 4.8
Project 2006

Victoria Staging | 2990 123 524(18) 21(4) 27 4.9
Project 2007

Victoria 2008 3421 129 547(16) 195(8) 31 6.5
Victoria 2009 3114 121 467(15) 210(8) 28 5.8
Victoria 2013 4061 141 650(16) 244(6) 31 5.6
Victoria 2014 3935 143 630(16) 354(9) 36 4.9
Victoria 2016 4334 139 650(16) 244(6) 31 5.6
Victoria 2018 4648 143 697(11) 418(9) 29 5.9
Victoria 2019 4513 140 677(11) 722(16) 38 5.9

*Victorian missing stages data 2006-2019 had a five-year survival similar to stage 3, so the CIR Stages 3&4 were
corrected as described. Stage 4 is the VCR data.
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**Annual crude incidence combined stages 3&4 for 1986 and 1995 calculated using the 1986 VCR based survey, which

showed the missing stages data was distributed as for known stages data®*.

RESULTS
The updated staging results from 2014 to 2019 are included in Table 1, with the combined stages 3&4 CIR

corrected for missing stage data and rounded to the nearest integer'.

Figure 1 shows that the crude mortality rate for Victorian female breast cancer increased from 1985 to a
peak of 34 per 100,000 in 1994 and then declined by 26% to a plateau of about 25 per 100,000 from 2006
to 2014, then to 23 per 100,000 in 2019: a Relative Mortality Reduction (RMR) of 32%. Victorian breast
cancer stages 3&4 crude incidence tripled between 1986 and 2019 from 12 per 100,000 to 38 per 100,000
and Stage 5 crude incidence was on a plateau of 4.8 to 5.9 per 100,000 from 1995 to 2019 (Table 1).

For comparison, Victorian age standardised mortality (ASM) to Year 2001 was on a plateau of about 35 per
100,000 from 1980 to 1994 and then declined by 42% to a plateau of 20 per 100,000 from 2013 to 2017’.

Figure 1. Female Breast Crude and Age (Year 2001) Standardised Mortality (Vic ASM) and Incidence (Vic
ASI) and TNM Stages 3 and 4 Combined and TNM stage 4 Crude Incidence Rates.
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A linear regression analysis of the trend in stages 3&4 crude incidence (Table 1, Figure 1)) was undertaken
using a web-based-calculator, which showed a linear trend from 1986 to 2019: § = 0.68X - 1338.57, based
on the least squares method where X was the independent variable year and ¥ the dependent variable
crude stages 3&4 incidence rate™.

Adjuvant chemotherapy uptake in Victoria, calculated to be 40% of all women with EBC in the 1999 VCR
based survey’, had increased to 50% of all women with EBC by 2006 in the BUPA cohort’. This represents
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more than a five-fold increase since the 9% uptake in 1986 (Table 2). Adjuvant endocrine therapy uptake in
the BUPA cohort was 72% [10], as compared to 74% in the Victorian 1999 breast cancer management
survey®, representing more than a three-fold increase since the 20% uptake in 1986 (Table 2).

Table 2. Adjuvant Chemotherapy and Endocrine Therapy use in Women with EBC from 1986 to 2006-2007.

YEAR SURVEY Adjuvant Adjuvant Endocrine
Chemotherapy Therapy Uptake
Uptake

1986 VCR Based 9% 20%

1995 VCR based 26% 62%

1999 VCR based 40% 74%

2006-2007 BUPA cohort 50% 72%

Furthermore, 82% of women who survived for 3 years in the BUPA cohort received adjuvant endocrine
therapy'® and two thirds of the women who survived for almost 6 years received adjuvant endocrine therapy
for at least four years'®. Therefore, most women treated in 2006 completed four years of adjuvant tamoxifen
and adjuvant chemotherapy uptake increased between 1999 and 20063,

DISCUSSION

We have shown that the one third Victorian State breast cancer mortality decline to 2013 has continued to 2019
(RMR 32%) and that advanced breast cancer stages 3 and 4 combined crude incidences (stages 3&4) have
increased by 38% since 2013. Therefore, this advanced breast cancer incidence rate has more than tripled
since 1986 (Table 1), thereby ruling out any direct beneficial impact of population based mammographic
screening on breast cancer mortality in Victoria from the BreastScreen program. Also, Victorian metastatic
Stage 4 breast cancer crude incidence was stable over a quarter of a century but the ASI must have fallen
indicating that metastatic breast cancer incidence has declined as the population increased and aged.

It was important to rule out upstaging due to improvements in imaging technologies and changes in the
VCR classification of breast cancer stages at registration as artefactual explanations for this tripling of
advanced breast cancer stages 3&4 crude incidence. Firstly, no publications linking imaging advances to
breast cancer staging in Victoria were discovered. Secondly, the VCR has since 2006 derived stages for
breast cancer using data available from pathology reports and from hospital notifications reporting coded
metastatic disease sites at diagnosis, augmented by reported stage from hospitals and radiotherapy
services where this is available. These derivation rules were the starting point for the national Business Rules
developed and evaluated in 2015 by the VCR as a national project under the Cancer Australia Staging,
Treatment and Recurrence (STaR) initiative. Details of the definitions and business rules for RD Stage are

available on request’ and are based on TNM 7th Edition for breast cancer®".

Clinical staging with sentinel node biopsy can accurately ascertain invasive breast cancer stages 1 and 2, as
defined in the of AUJCC summary of TNM stages 1,2 ,3 and 4 breast cancers'’. Stage 3 requires additional
pathological staging of the primary breast cancer and axillary, supraclavicular and intrathoracic lymph node

metastases and stage 4 breast cancer is metastatic spread, which may require additional imaging studies.

The linear increase in combined advanced stages 3 and 4 over 33 years (1986-2019) does not support

upstaging from advances in imaging, which would be expected to produce stepwise increases in staging.
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The recent improvements in ascertainment and definitions of stages in Victoria [16] has resulted in unknown
stages at diagnosis increasing this century from 4% in 2006 and 2007, doubling to 8-9% in 2008, 2009, 2014
and 2018 and quadrupling to 16% in 2019 in VCR registry data (Table 1). This is the opposite of what might
be expected from improved imaging studies, which should reduce the prevalence of unknown stages.
Furthermore, the five-year breast cancer mortality of the unknown stages at diagnosis indicates that the
unknown stages are all most probably stage 3. The combined stages 3 and 4 proportions have been 20%
or more this century, 25% in 2014 and 27% (Table 1). So artefactual upstaging by improvements in imaging
is excluded. None-the-less this artefactual upstaging should be investigated by a VCR based breast cancer
management survey, as described for 19952, There has not been such a Victorian survey for over a quarter
of a century and it would provide data on improvements in imaging and uptake and persistence of use of
adjuvant therapy as well as data on surgical treatment and other parameters of breast cancer management

Comparisons of the impact of both adjuvant therapy and mammographic screening on breast cancer
mortality world-wide are difficult, not least because of different definitions of early mainly curable EBC
versus late/advanced less curable breast cancer employed by different investigators. For example, some
reports have used only tumour diameter to divide breast cancers at diagnosis into good and bad prognosis
cancers'®. This problem was highlighted by a 2018 systematic review of the effect of mammographic
screening on advanced breast cancer incidence in Europe that could not reach a conclusion, because,
together with other problems, staging did not have a consistent definition and was not ascertained
consistently in the 22 included studies, 20 of which used The TNM staging system?. Most of these studies
did not take account of metastases to adjacent and distant lymph nodes, so those breast cancers could not
be accurately TNM categorised, as defined in the of AJCC summary of TNM stages 1,2 ,3 and 4 breast

cancers?.

External beam megavoltage radiotherapy (EBRT) for surgery and lumpectomy injures the heart and other
thoracic organs causing additional cancers resulting in a statistically significant (p<0.005) doubling of non-
breast cancer mortality after 12 years, as compared to single dose per-operative breast TARGIT
radiotherapy?'. Morbidity and mortality from external beam radiotherapy have been known for decades and
were discussed in our 2020 JAMA Network publication®. All-cause mortality, in particular cardiovascular

mortality, of persons registered is not routinely reported by cancer registries’.

There have been two other published evaluations of whole State based mammographic screening programs
in Australia in South Australia (SA) and in Western Australia (WA): both are case control studies:?*?. Breast
cancer mortality trends, adjuvant therapy uptake and breast cancer stages at diagnosis were not included
in those studies. The unadjusted odds ratio (OR) for women aged 50-69 years participating in the
BreastScreen SA program in relation to death from breast cancer between 2002 and 2005 was 0.54 (Cl, 9.41
to 0.72), RMR 46%??. The OR for women aged 50-69 years participating in the BreastScreen WA program
in relation to death from breast cancer between 1996 and 2005 was 0.48 (95% confidence interval (Cl),
0.38-0.59; P < 0.001), RMR 49%?.

However, BCASM increased from 57.0 to 58.5 per 100,000 in SA women aged 50-69 years between 1996
and 2005%. Likewise, in contrast to the 49% mortality decrease predicted for WA women aged 50-69 years
participating in BreastScreen WA, BCASM decreased by only 4% from 51.5 to 49.2 deaths per 100,000 in
these women between 1996 and 2005%*. Of note, BCASM in women aged 50-69 years in Victoria decreased
significantly by 14.7 % in this same 1996-2000 to 2001-2006 period from 62.7 (Cl, 59.4-66.1) to 53.5 (Cl,50.7-
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56.40) per 100,000 women?. Therefore, these case control studies have produced false estimates of

decreases in breast cancer mortality in SA and WA, as the IARC 2002 monograph predicts®.

The WHO-IARC in its 2002 monograph on breast cancer screening® cautioned against using case control
studies to evaluate mammographic screening: “The case-control approach is appealing in terms of its
simplicity and cost; however, even if such a study is perfectly designed and conducted, there is inherent
bias in important potential baseline differences in the screened and unscreened groups with respect to
factors that are associated with the risk for fatal breast cancer”. In that context IARC reported two case
control studies nested in RCT of mammographic screening that had produced OR significantly different to
the rate ratios measured in the RCT?. Breast cancer is a very complex neoplasm and new data on its
molecular and genetic heterogeneity, hormonal dependence, familial associations including inherited
breast cancer and its detection and treatment are reported frequently as research into breast cancer
molecular genetics, biology and treatment is published. The case control study approach with its simplistic
assumption that the only factor bearing on breast cancer mortality is mammographic screening should not
have been used, as IARC advised®.

Our JAMA Network Open paper® described the findings of the New South Wales (NSW) State evaluation
of breast cancer stage stages, where Age Standardised (year 2001) SEER distant (metastatic) cancer
incidence, the TNM stage 4 equivalent, more than doubled from 3.2 to 7.2 per 100 000 population between
1988-1995 and 2006-2012: p<0.05%. The NSW doubling of the SEER advanced stages incidence between
1998 and 2012 is congruent with the Victorian doubling of stage 4 breast cancer between 1986 and 20133,
Adjuvant therapy uptake in EBC was not reported for NSW, however the National breast cancer
management survey in 1995 reported National adjuvant therapy uptake that could account for a 23%
decline in breast cancer crude mortality [3 Supplement, 12]. About one third of all female Australian
residents live in NSW. Therefore, this National estimate should approximate that for NSW.

Cancer in Victoria Cancer: Statistics & Trends 2020, published in late 2021, was different to the previous
2018 and 2019 publications™. It highlighted the roles the VCR and TCCV had played in assisting the
Victorian State Government's response to the COVID 19 pandemic in that State. This VCR did not report
breast cancer staging data in the same format as in 2018 and 2019, so it was not possible to update the
combined crude stages 3&4 incidence trend, nor to correct for missing stage data [16]. Furthermore, the
VCR reported that the total number of women registered with breast cancer declined from 2019, so the late
registrations for 2020 will likely be higher than in preceding years. However, this report, for the first time
did not attribute any of the decline in breast cancer mortality (Figure 1) to mammographic screening’™: “A
reduction in breast cancer mortality was seen prior to introduction of breast screening in Victoria in 1991
but has accelerated over the past two decades. The reduction in breast cancer mortality over the past three
decades reflects a reduction in breast cancer risk (such as breastfeeding for longer duration), earlier
detection of palpable tumours and use of adjuvant systemic therapy, such as Tamoxifen and

polychemotherapy, which have been widely used after surgery since the late 1980s" .

Most unfortunately, Australian mass media campaigns have ignored our findings® and those of Australian
colleagues® and continue to actively promote mammographic screening. For example, the Australian
National Broadcasting (ABC), which is the Australian counterpart of the British Broadcasting Commission
(BBC), has lamented the impact of the COVID 19 pandemic on the repeated suspensions of the
BreastScreen NSW program over 2021 and 2022, with at least 145,000 NSW and ACT women missing their
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screening mammogram appointment?. Careful follow-up of women invited to screening by BreastScreen
NSW who missed their biennial screen(s) due to the Covid-19 pandemic should have mandatory follow-up
to discover whether missed mammography screening avoids the harms of mammographic screening,

including potentially fatal unnecessary radiotherapy®?'.

The strengths of this study are firstly that it is based on whole populations of cancer patients individually
registered by law with the VCR at the time of diagnosis and again if death is from cancer. Secondly, 38 years
of continuous cancer registration negates possible selection and screening advancement of diagnosis biases
in any given year. Confidence intervals based on the number of women registered are irrelevant, since these
are whole populations, not samples. The weaknesses arise from human error in sporadic misclassifications
of cancer type, for example ductal versus lobular breast cancer and in-situ versus invasive breast cancer,
cancer stage at diagnosis and cancer cause of death. There is also the incompleteness of registration of
incident breast cancer in many years, consequent on the VCR policy of publishing their Cancer in Victoria
epidemiological reports within one year of registration. For example, Cancer in Victoria 2013 reported 4075
incident cases of female breast cancer® and this was corrected to 4667 incident cases in the 2018 report®, a
14 % increase. However, these late registrations, if uncorrected, could only result in a small underestimation
of advanced breast cancer incidence.

CONCLUSIONS

This updated cross-sectional analysis of the Victoria, Australia population based mammographic screening
program, BreastScreen Victoria, from 2013 to 2019 reports that the crude incidence of advanced combined
advanced stages 3 and 4 breast cancer in Victoria is now three-fold what it was in 1986. So, a lack of
downstaging of breast cancer by mammographic screening continues to expose Victorian women to
unnecessary morbidity and mortality consequent upon participation in BreastScreen. Welch, who has shown
that mammographic screening in the USA is more harm than good? has reviewed cancer screening in 2022%
and concluded that: "It is tempting to think that cancer screening can only help individuals and that all
survivors of cancer detected by screening provide powerful evidence that it saves lives. However, cancer
screening is counterintuitive. It turns out that the harms are more certain than the benefits; the survivors are
less likely to be evidence of its benefit and more likely to be evidence of its harms”.

This reemphasizes that continuous measurement of breast cancer stages at diagnosis, all-cause and breast
cancer-specific mortality, and adjuvant therapy uptake should be mandatory in monitoring and evaluating
mammographic screening programs.
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