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Objectives:  To estimate the incidence of metastatic breast cancer (MBC) in 
Australian women with an initial diagnosis of non-metastatic breast cancer.

Design, setting and participants:  A population-based cohort study of all 
women with non-metastatic breast cancer registered on the New South Wales 
Central Cancer Register (CCR) in 2001 and 2002 who received care in a NSW 
hospital.

Main outcome measures:  5-year cumulative incidence of MBC; prognostic 
factors for MBC.

Results:  MBC was recorded within 5 years in 218 of 4137 women with localised 
node-negative disease (5-year cumulative incidence, 5.3%; 95% CI, 4.6%–
6.0%); and 455 of 2507 women with regional disease (5-year cumulative 
incidence, 18.1%; 95% CI, 16.7%–19.7%). The hazard rate for developing MBC 
was highest in the second year after the initial diagnosis of breast cancer. 
Determinants of increased risk of MBC were regional disease at diagnosis, age 
less than 50 years and living in an area of lower socio-economic status.

Conclusions:  Our Australian population-based estimates are valuable when 
communicating average MBC risks to patients and planning clinical services and 
trials. Women with node-negative disease have a low risk of developing MBC, 
consistent with outcomes of adjuvant clinical trials. Regional disease at 
diagnosis remains an important prognostic factor.
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  of the major concerns for

men diagnosed with early
east cancer (BC) is their risk
ping metastatic cancer

(MBC).1 Information on the risk of
and prognosis for patients with MBC
is important to help patients make
decisions about treatment and plan
for the future. It is also important for
health service planning and identify-
ing research priorities. Currently, can-
cer registries do not routinely report
this information. Consumer groups in
Australia2 and internationally3 have
urged for improved data collection on
cancer recurrence and reporting.

Over the past 20 years, cancer reg-
istries have documented continued
improvements in survival among
patients with BC.4 These survival
gains have been attributed to
advances in treatment, particularly
systemic adjuvant therapies after piv-
otal trials, and to a lesser extent, BC
screening programs.5,6 However, the
gains for women with early BC in
terms of their risk of developing MBC
have not been well documented. Ear-
lier studies may no longer be relevant
to contemporary populations. At
present, clinicians generally rely on
published clinical trials for informa-
tion on these outcomes, but the extent
to which trial data can be applied to
the general population of women
with BC is not known.

 pop-
 inci-
itially
c BC.
in the
 years
from

popu-
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Methods

All women aged 18 years and older
diagnosed with invasive (not intra-
ductal) localised or regional BC
between 1 January 2001 and 31
December 2002 and recorded on the
New South Wales Central Cancer
Registry (CCR) were included.
Patients were excluded if the extent of
disease spread at diagnosis was
recorded as distant or unknown, or if
they had no hospital care recorded on
the NSW Admitted Patient Data Col-
lection (APDC).

Data sources

The CCR receives notification of all
new cancer cases diagnosed in NSW
residents from public and private hos-
pitals, radiation oncology depart-
ments, nursing homes, pathology
laboratories, outpatient departments
and day-procedure centres as a stat-
utory requirement.7 A summary

classification is used to classify
degree of cancer spread as: localised
(node-negative tumour confined to
breast tissue); regional (spread to
regional lymph nodes or adjacent tis-
sues, includes locally advanced dis-
ease); distant (spread beyond the
breast, adjacent tissues and regional
lymph nodes); or unknown. Women
with MBC recorded within 120 days of
the date of their initial diagnosis with
primary breast cancer are classified as
having distant disease at diagnosis.

Dates (month, year) of birth, BC
diagnosis and MBC diagnosis for each
patient were extracted from the CCR
up to 31 December 2007, together with
information on the degree of spread at
diagnosis, tumour type (International
classification of diseases for oncology,
3rd edition morphology codes), other
primary neoplasms, country of birth,
and local government area of residence
at BC diagnosis. We used local govern-
ment area to classify area of residence
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as major cities or regional/remote using
the Accessibility/Remoteness Index of
Australia classification8 and socioeco-
nomic status using the Socio-economic
Indexes for Areas classification.9

The APDC codes the principal
diagnosis, additional diagnoses and
procedures for all episodes of care,
including day-only admissions, from
NSW hospitals, private day-proce-
dure centres and public nursing
homes, using the International classifi-
cation of disease and related health prob-
lems ,  vers ion 10 ,  A ust ra l i an-
modification (ICD-10 AM) coding
system. It does not record prescribed
medications.

Health record linkage was under-
taken by the Centre for Health Record
Linkage (CHeReL) to obtain informa-
tion about all episodes of care
recorded on the NSW APDC for the
study population between 1 January
2001 and 31 December 2007. CHeReL
constructs a master linkage key to link

health records from different data-
bases using probabilistic record link-
age software with quality assurance
procedures designed to achieve fewer
than 0.5% false positive matches and
fewer than 0.5% false negative
matches where full identifiers are
available.10 For our study, CHeReL
calculated a false positive error rate of
0.3%.

Outcomes

Patients were classified as having MBC
if they had a CCR record of MBC within
5 years of their initial diagnosis of BC.
To classify MBC sites, we used ICD-
10AM diagnosis codes for site of sec-
ondary malignant neoplasms from the
first “index” episode of care recorded
on the APDC after the initial diagnosis
of BC. For patients having a second
non-breast primary cancer, we only
extracted this information if a matching
CCR record was available to verify
MBC status for that episode of care.

Statistical analyses

Kaplan–Meier analysis was used to
report time to MBC, and the 5-year
cumulative incidence of MBC was
calculated as the proportion of
women diagnosed as not having
MBC who had MBC recorded within
5 years. Time to MBC was defined as
the time from the diagnosis of BC to
the date of the first record of MBC on
the CCR or the APDC, whichever
occurred earliest. For patients who
also had a second non-breast primary
cancer, we used only the date of the
first CCR record of MBC because
MBC status could not be determined
from an APDC diagnosis of second-
ary cancer. The log-rank test was
used to test for differences in time to
MBC by age group and degree of
spread. The annual MBC hazard rate
was calculated by degree of spread.

Cox proportional hazards regres-
sion was used to identify factors asso-
ciated with MBC-free survival. The
model was stratified by the presence
of other primary cancers at diagnosis
to account for the difference in
underlying risk between the groups.
The final model was developed using
backwards elimination, starting with
all covariates and removing the least
significant variable until only varia-
bles significant at = 0.05 remained.

All analyses were performed using
SAS, version 9.2 (SAS Institute, Cary,
NC, USA).

Ethics approval

This study was approved by the NSW
Population and Health Services
Research Committee.

Results

During 2001 and 2002 , 8142 women
had their diagnoses of invasive BC
recorded on the CCR. After excluding
women with MBC at diagnosis (546),
unknown degree of spread (791) or no
hospital care recorded in NSW (161),
6644 patients were included in the
study. Of these, 4137 had localised
BC, and 2507 had regional BC. Their
median age was 59 years (interquar-
tile range [IQR], 50–70 years).
Women’s age, tumour histology and
the presence of other non-breast pri-
mary cancer sites varied by degree of
spread at diagnosis (Box 1).

1 Baseline characteristics of women with non-metastatic breast cancer (BC), by 
degree of spread at initial diagnosis, New South Wales Central Cancer Register, 
2001 and 2002

Women with

Characteristic All women
Localised 

spread
Regional 

spread P*

6644 (100%) 4137 (62%) 2507 (38%)

Age at diagnosis

< 50 years 1645 (25%) 856 (21%) 789 (31%)

50–59 years 1772 (27%) 1081 (26%) 691 (28%)

60–69 years 1493 (22%) 1000 (24%) 493 (20%)

� 70 years 1734 (26%) 1200 (29%) 534 (21%) < 0.0001

Morphology of primary BC  

Invasive ductal 5058 (76%) 3115 (75%) 1943 (78%)

Lobular 840 (13%) 482 (12%) 358 (14%)

Other 746 (11%) 540 (13%) 206 (8%) < 0.0001

Other primary cancer before BC

No 6332 (95%) 3922 (95%) 2410 (96%)

Yes 312 (5%) 215 (5%) 97 (4%) 0.01

Area of residence

Major city 4876 (73%) 2998 (72%) 1878 (75%)

Regional 1743 (26%) 1124 (27%) 619 (25%)

Remote 25 (< 1%) 15 (< 1%) 10 (< 1%) 0.08

Socioeconomic status (quintiles)

1 1278 (19%) 804 (19%) 474 (19%)

2 1175 (18%) 723 (17%) 452 (18%)

3 1333 (20%) 833 (20%) 500 (20%)

4 1245 (19%) 774 (19%) 471 (19%)

5 1613 (24%) 1004(24%) 610 (24%) 0.97

Country of birth

Australia/New Zealand 4531 (68%) 2823 (68%) 1708 (68%)

Other 2113 (32%) 1314 (32%) 799 (32%) 0.93

* 2 test for comparison of distribution of characteristic between localised and regional BC. ◆
689MJA 196 (11) · 18 June 2012
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3 Univariable and m
recorded within 5

Characteristic

Degree of spread

Localised

Regional

Age

 < 50 years

50-69 years

� 70 years

Tumour type

Ductal

Lobular/mixed

Other

Area of residence

Major cities

Regional/remote 

Socioeconomic status

Quintile 5†

Quintiles 2–4‡

Quintile 1§

Country of birth

Australia/NZ

Other

 HR = hazard ratio. MBC
* MBC was defined as a
† Least disadvantaged. ‡
5-year cumulative incidence of 
metastatic breast cancer
A total of 673 patients had MBC
recorded within 5 years of being diag-
nosed with BC, representing 218
women with localised BC (5.3%; 95%
CI, 4.6%–6.0%); and 455 women
with regional BC (18.1%; 95% CI,

16.7%–19.7%). The difference in the
cumulative incidence of MBC by
degree of spread at diagnosis was sta-
ti s t ica l ly  s ign if icant  ( log-rank
P < 0.0001; Box 2). After stratifying
patients by degree of spread at diag-
nosis, we found that the annual haz-
ard rate of MBC was highest in the

second year after diagnosis for
women with both localised and
regional BC (Box 2). This pattern was
observed consistently across each age
group (data not shown).

In multivariable analysis, MBC risk
was statistically significantly higher
for women younger than 50 years at
BC diagnosis relative to those aged
50–69 years or 70 years and older.
MBC risk was also higher for women
with regional versus localised BC, and
for women from more socioeconomi-
cally disadvantaged areas compared
with women from the least disadvan-
taged areas (Box 3).

Site of metastatic breast cancer

Of the 673 patients with MBC, 599
(89%) also had an APDC diagnosis
code for secondary cancer, which
allowed identification of first MBC
anatomical site. The most common
site was bone, recorded for 276
patients (46%); lung/pleura, 224
(37%); liver, 194 (32%); and brain, 78
(13%). Two-thirds of patients (403;
67%) had at least one visceral site of
MBC at their index episode of care. A
single MBC site was recorded for 369
(62%) patients at the index episode of
care. Of these, 129 (35%) had bone-
only disease, and a smaller proportion
had liver-only, lung-only or brain-
only disease (Box 4).

Discussion

In this Australian population-based
cohort of 6644 women with non-met-
astatic BC, we found that about one in
20 women with localised node-nega-
tive disease and one in 6 women with
regional disease at initial diagnosis
developed MBC within 5 years. Clini-
cians can use these estimates to
inform women with BC about the
average risks of developing MBC.

Internationally, very few popula-
tion-based studies have examined
MBC incidence in patients with non-
metastatic BC at initial diagnosis.
European researchers  recently
reported a 5-year MBC risk of 10% for
18 592 patients with no distant metas-
tases at diagnosis on the Munich
Cancer Register between 1995 and
2003.11 These results are consistent
with our findings of a 5-year MBC risk
of 10% for the combined cohort of
Australian patients with localised and

ultivariable analyses showing factors associated with metastatic breast cancer being 
 years among 6644 women

MBC*/total 
in each 

category

Univariable analysis Multivariable analysis

HR 95% CI P HR 95% CI P

218/4137 1.00 1.00

455/2507 3.65 (3.13–4.25) < 0.0001 3.55 (3.04–4.14) < 0.0001

238/1645 1.00 1.00

285/3265 0.61 (0.51–0.72) 0.70 (0.59–0.82)

150/1734 0.64 (0.52–0.78) < 0.0001 0.80 (0.65–0.97) < 0.0001

544/5058 1.00

75/840 0.80 (0.64–1.01)

54/746 0.67 (0.51–0.87) 0.004

488/4876 0.96 (0.82–1.13)

185/1768 1.00 0.61

 

124/1613 1.00 1.00

409/3753 1.35 (1.12–1.63) 1.35 (1.12–1.63)

140/1278 1.39 (1.11–1.74) 0.004 1.42 (1.13–1.79) 0.003

479/4531 1.17 (1.00–1.38)

194/2113 1.00 0.05

= metastatic breast cancer. NZ = New Zealand.
n MBC event recorded on NSW Central Cancer Register within 5 years of initial diagnosis date. 

Middle disadvantage. § Most disadvantaged. ◆

2 Cumulative incidence of metastatic breast cancer and annual hazard rate by 
degree of spread at initial diagnosis
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%

)
Women with localised breast cancer 
at initial diagnosis

Women with regional breast cancer 
at initial diagnosis 

0 6 12 18 24 30 36 42 48 54 60

Number at risk           

Localised 4137 4114 4077 4018 3961 3909 3854 3816 3774 3741 3709

Regional 2507 2489 2425 2339 2253 2173 2102 2047 1996 1951 1919

Annual metastatic breast cancer hazard rate 

 < 12 months 12–23 months      24–35 months   36–47 months     48–60 months

Localised 0.6% 1.5% 1.4% 1.0% 0.9%

Regional 2.3% 5.4% 5.1% 3.7% 2.9%
11) · 18 June 2012
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cer from hospital 
men who had an 

sis code for 

sode of hospital care 
for MBC

All episodes 
within 5 years

) 366 (61%)

) 292 (49%)

) 244 (41%)

167 (28%)

114 (19%)

213 (36%)

) 489 (82%)

) 183 (31%)

70 (12%) 

6 (1%)

36 (6%)

21 (4%)

21 (4%)

ational classification of 
ralian-modification. ◆
regional disease.  Our findings also
show that, despite the known impor-
tance of underlying tumour biology in
defining cancer prognosis, spread of
disease at diagnosis (localised versus
regional) remains an important prog-
nostic factor in BC.

Although clinical trials can provide
data to estimate the incidence of MBC
for selected BC populations, it is
unclear to what extent trial estimates,
which are drawn from patients receiv-
ing care from participating institutions
who meet trial eligibility criteria,
apply to the general population with
cancer. In the United States, it is doc-
umented that older individuals, those
with low socioeconomic status, and
those living in areas with a lower
number of oncology specialists and
hospital programs are underrepre-
sented in cancer trials relative to their
cancer burden.12 In examining
whether these factors are also associ-
ated with MBC risk, we found a statis-
tically significant association between
socioeconomic status and MBC risk,
but did not observe an association for
women aged 70 years and older ver-
sus those aged 50–70 years, or for
those living within versus outside a
major city. The association between
living in more socioeconomically dis-
advantaged areas and an increased
risk of MBC is consistent with Aus-
tralian evidence of reduced breast
cancer survival for these patient
groups.13 This finding is worthy of
further study, and may have impor-
tant implications for health service
providers and health funding policy-
makers. The higher risk of MBC
observed for patients aged less than
50 years compared with older age
groups may be partly attributed to
more aggressive tumour biology in
younger women.14

Overall, we did not find evidence
that the risk of MBC for women with
node-negative BC in the general pop-
ulation differed substantially from
that of trial populations. Our estimate
of a 5-year MBC cumulative incidence
of 5.3% is at least as favourable as
outcomes reported in adjuvant sys-
temic therapy trials in node-negative
populations that informed practice in
2001 (5%–8% of trial patients had
MBC recorded as a first event with an
average 5–6 years follow-up).15,16 It is
more difficult to draw comparisons

between our results for patients with
regional BC at diagnosis and trial-
based estimates because, in our study,
regional BC includes nodal metas-
tases with the primary tumour con-
fined to the breast as well as locally
advanced BC, which confers a rela-
tively poorer prognosis. In contrast,
most trials are designed to assess
interventions in one or other of these
subgroups. Despite this, the 5-year
MBC incidence of 18.1% that we
observed for patients with regional BC
falls within the upper range of MBC
risk observed in adjuvant chemother-
apy trials conducted in node-positive
populations (14%–20% for different
treatment arms).17-19

We found the annual rate of MBC
notification peaks in the second year
after diagnosis, and then decreases
over time for both patients with local-
ised and regional BC, and across age
groups. These findings are consistent
with earlier studies investigating the
risk of any recurrence conducted in
both trial20 and non-trial21 popula-
tions, with the highest hazard rate for
early MBC being observed in women
with more aggressive disease sub-
types. This information may provide
some reassurance for women who
completed their primary BC treatment
more than 2 years ago and remain
recurrence free.

Our study cohort was diagnosed
with BC in 2001 and 2002, so would
have had access to current standard
breast screening protocols and most
contemporary adjuvant systemic ther-
apies, except trastuzumab and tax-
anes; both of which only received
broad listing for early BC on the Phar-
maceutical Benefits Scheme in 2006.
The National Breast Cancer Audit
conducted during the period of our
study indicates that tamoxifen was
widely used for women with oestro-
gen receptor-positive BC; systemic
adjuvant chemotherapy was used for
63% of pre-menopausal women and
28% of post-menopausal women
(including 83% of oestrogen receptor-
negative, node-positive postmeno-
pausal cases).22 Given that the availa-
bility and use of effective systemic
therapies has increased over the past
decade, we anticipate that the inci-
dence of MBC among women with a
more recent BC diagnosis, especially
those with BC in which the human

epidermal growth factor receptor 2
protein is over-expressed (HER2-pos-
itive disease), may be even lower than
our study estimates.

The strengths of our study are the
size of the study population and the
degree to which it is representative of
the general Australian population of
women with a diagnosis of non-met-
astatic BC. Our study shows the feasi-
bility of using routinely collected data
from the CCR and APDC to report
rates of distant cancer recurrence in a
timely fashion. Over time, these anal-
yses can be extended to include
longer-term data from the study
cohort to assess 10-year MBC risk,
and to include more recent cohorts.

Our methods have two main limi-
tations. First, although the accuracy of
the CCR in recording primary cancer
events and of the hospital database in
coding cancer diagnoses and proce-
dures have both been documented to
be high,23,24 the completeness and
accuracy of cancer recurrence records
has not been formally investigated.
Further research is required to deter-
mine the proportion of MBC cases
that are not notified to the CCR. There
would be no notification for patients
who had a clinical diagnosis of MBC
made in an outpatient setting without
a biopsy or any diagnostic or thera-
peutic hospital service. Some women
with MBC will receive outpatient-
based care for a number of years

4 Anatomical site of metastatic breast can
ICD-10 AM diagnosis codes in the 599 wo
Admitted Patient Data Collection diagno
secondary cancer

Women at epi

Site of MBC
First 

episode

Bone 276 (46%

Liver 194 (32%

Lung 168 (28%

Brain 78 (13%)

Pleura 73 (12%)

Other 136 (23%)

Any liver/lung/ brain/pleura 393 (66%

Single site only 369 (62%

Bone 129 (22%)

Soft tissue 50 (8%)

Liver 53 (9%)

Lung 54 (9%)

Brain 36 (6%)

MBC = metastatic breast cancer, ICD-10 AM = Intern
disease and related health problems, version 10, Aust
691MJA 196 (11) · 18 June 2012
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before requiring hospital admission
for a treatment complication or dis-
ease event, and many will not have
had a biopsy to confirm their diagno-
sis. These individuals would not have
been recorded as having MBC in our
study, so it is possible that the true
average 5-year incidence of MBC is
higher than our study estimate. Sec-
ond, these administrative datasets do
not provide information about prog-
nostic factors, such as receptor status
or treatments received, to develop risk
estimates for specific patient groups.
Cancer Institute NSW has recently
implemented a clinical cancer register
to help overcome these limitations.

Overall, our population-level esti-
mates provide an important supple-
ment to existing clinical trial data to
help doctors answer questions about
average MBC risk for the many women
with BC in the community who may
not be represented in clinical trials.
This information can also inform can-
cer services planning, provide contem-
porary estimates of MBC risk to
researchers planning clinical trials of
treatments for early BC, and suggest
priorities for research, such as investi-
gating and improving MBC outcomes
for socioeconomically disadvantaged
women. Our finding that women with
node-negative BC have a low risk of
developing MBC is reassuring, sug-
gesting that treatment advances dem-
onstrated in clinical trials of adjuvant
therapy are delivered to the general
population of women with BC.
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