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Objective. We investigate what role stage at diagnosis bears in international differences in ovarian cancer
survival.

Methods. Data from population-based cancer registries in Australia, Canada, Denmark, Norway, and the
UK were analysed for 20,073 women diagnosed with ovarian cancer during 2004–07. We compare the
stage distribution between countries and estimate stage-specific one-year net survival and the excess hazard
up to 18 months after diagnosis, using flexible parametric models on the log cumulative excess hazard scale.

Results. One-year survival was 69% in the UK, 72% in Denmark and 74–75% elsewhere. In Denmark, 74% of
patients were diagnosed with FIGO stages III–IV disease, compared to 60–70% elsewhere. International differ-
ences in survival were evident at each stage of disease; women in the UK had lower survival than in the other
four countries for patients with FIGO stages III–IV disease (61.4% vs. 65.8–74.4%). International differences
were widest for older women and for those with advanced stage or with no stage data.

Conclusion. Differences in stage at diagnosis partly explain international variation in ovarian cancer sur-
vival, and a more adverse stage distribution contributes to comparatively low survival in Denmark. This
could arise because of differences in tumour biology, staging procedures or diagnostic delay. Differences in
survival also exist within each stage, as illustrated by lower survival for advanced disease in the UK,
suggesting unequal access to optimal treatment. Population-based data on cancer survival by stage are
vital for cancer surveillance, and global consensus is needed to make stage data in cancer registries more
consistent.
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Introduction

International differences in ovarian cancer survival are wide, per-
sistent and largely unexplained, even between high-income countries
with similar health systems [1]. We investigate whether these differ-
ences in overall survival may be explained by variation in stage at di-
agnosis or in stage-specific survival.

The International Cancer Benchmarking Partnership (ICBP) is a
consortium of cancer registries, clinicians and epidemiologists using
population-based data to examine international survival differences.
We aim to provide benchmarks against which progress in outcomes
can be evaluated, andwhichwill help to refine policy for cancer control.
Five countries (Australia, Canada, Denmark, Norway and the UK) con-
tributed to this study of ovarian cancer.

Material and methods

Data

The ICBP collected population-based cancer registration data from
Australia (New South Wales, Victoria), Canada (Alberta, British
Columbia, Manitoba, Ontario), Denmark, Norway and the UK (eight
regional registries covering all of England; Northern Ireland, Wales)
for 137,199 women diagnosed with a cancer of the ovary (includ-
ing Fallopian tubes and adnexa: ICD-10 C56; C57.0-C57.9) during
1995–2007. Women diagnosed with a benign, uncertain or borderline
malignancy, in situ ormetastatic tumour were ineligible (webappendix
para 1). Extensive quality control has been documented [1].

To conduct survival analyses by stage at diagnosis, we used data from
the most recent 4 years of the period 1995–2007, for which stage data
were more complete, and from the 11 (of 18) cancer registries in
which at least half of all women diagnosed in 2004–07 had a valid
stage. The excluded registries (Victoria, Australia; Ontario, Canada;
four English regional registries and Wales, UK) represented 54% of the
original population base. Finally, 20,073 women were included in the
analyses, of whom 14,948 (74.5%) had complete stage information on
their registry record.

The classification and coding of stage at diagnosis varies, both clini-
cally and between cancer registries. We developed guidelines for
harmonising data on stage from disparate classification systems into a
final, comparable variable for survival analysis [2]. We requested data
coded to the TNM classification of stage, including separate information
on the extent of the tumour (T), nodal involvement (N) and metastases
(M) [3].We prioritised pathological stage data (pT, pN) except formetas-
tases, where we preferred clinical stage (cM). For some patients, only the
grouped TNMstagewas available. Formany patients, registries submitted
data coded to the International Federation of Gynaecology and Obstetrics
(FIGO) staging system, which maps to the grouped TNM stages. For pa-
tients with TNM and/or FIGO data, we defined a final FIGO stage.

InNewSouthWales (and for someNorwegianpatientswith no TNM
or FIGO stage) stagewas categorised as ‘localised’, ‘regional’, or ‘distant’.
We also mapped TNM and FIGO to a ‘localised, regional, distant’ struc-
ture, based on the US Surveillance, Epidemiology and End Results Sum-
mary Stage 2000 (SEER SS2000) [2]. SEER SS2000 is closely equivalent
to the Australian and Norwegian systems, but better documented and
more widely known [4]. We present results using both SEER SS2000
(all countries) and FIGO (without Australia). There is general equiva-
lence between FIGO stages I–II and SEER SS2000 ‘localised’ and ‘region-
al’, and between FIGO stages III–IV and SEER SS2000 ‘distant’. For
simplicity here, stages I–IV will refer to FIGO, and ‘localised’, ‘regional’
or ‘distant’ to SEER SS2000.

Statistical analyses

We used flexible parametric models with the stpm2 command [5]
implemented in Stata version 12 (StataCorp LP, College Station, TX;

webappendix para 2) to model net survival [6]. We censored patients
at 3 years and estimated net survival and excess mortality up to
18 months after diagnosis, to ensure greater stability in themodelled es-
timates. Background mortality was derived from life tables of all-cause
mortality rates for women in each jurisdiction by single year of age and
calendar year at death [1]. Excessmortality is the excess (cancer-related)
hazard of death at specific time points since diagnosis, and can be
thought of as the mortality rate from the cancer alone.

Models were stratified by stage at diagnosis, including patients
with missing data on stage as a distinct category. We allowed for var-
iation with time since diagnosis in the effect of age at diagnosis and
country; interactions were included to model non-proportionality
between countries (webappendix para 3). All-ages estimates were
age-standardised using stage-specific weights (webappendix Table 1)
derived from the age distribution of patients in all jurisdictions combined,
in the age categories 15–44, 45–54, 55–64, 65–74, 75–84 and
85–99 years.

We conducted multiple imputation by chained equations to ascer-
tain the probable stage distribution for tumours with missing stage,
using the ice command in Stata [7–9] (webappendix para 4). We ran
the imputation model 15 times, obtaining 15 imputed datasets. We re-
port the overall stage distribution combined under Rubin's rules [9]. The
same modelling strategy for stage-specific survival was then repeated
on each of the 15 imputed datasets, and the range of estimates com-
pared to the estimate based on the observed stage data.

Findings

Distributions by stage and age

Mean age at diagnosis varied from 63.8 to 65.2 years. Women with
more advanced stage were older in all jurisdictions (Table 1, Fig. 1),
but the age distribution of unstaged women varied: compared to
women with metastatic disease (stage IV; ‘distant’), unstaged women
were on average 4–12 years older in Norway and Canada, 1–2 years
older in Denmark and the UK, and slightly younger in Australia.

The proportion of unstaged tumours ranged from 4% (Norway) to
32% (UK). The proportion increased with age, reaching 40% of 70–
99 year-old women in Canada and the UK (Fig. 1).

Amongwomenwith a recorded stage, Canada and Norway had sim-
ilar stage distributions, with nearly half of all women diagnosed in stage
III. The UK and Australia also had similar distributions, with a higher
proportion of ‘localised’ tumours (23% vs. less than 15% elsewhere).

Denmark had a very high proportion of women with stage IV tu-
mours (43% vs. 23% or less elsewhere) and the lowest proportion in
stage III (31% vs. 38% or more). The proportion with stage I tumours
was similar in Canada, Denmark and Norway (20–23%) and higher
in the UK (33%) (Table 1).

Imputing stage where it was missing did not substantially alter the
distribution of stage in any country. The range of proportions of women
diagnosed in stages III–IV changed from 61–74% to 64–75% (Table 1).

Net survival

Age-standardised one-year net survival was lowest for women in
the UK (68.8%), intermediate in Denmark (72.5%) and highest in
Canada (74.2%), Norway (74.3%) and Australia (74.9%). In each age
group, overall net survival (all stages combined) was lowest in the
UK (Table 2).

In all countries, one-year net survival was about 40% lower for
women aged 70–99 years than for women aged 15–49 years, and
for women diagnosed at stage IV than at stage I. The international dif-
ferences in survival by age were larger for women with more ad-
vanced disease or missing stage (Table 2).

Among women with early disease (stage I; ‘localised’), women in
Denmark and Australia had lower age-standardised survival (94–95%)
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