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Abstract

Purpose To evaluate changes in cancer mortality burden

over time by assessing temporal trends in life expectation

for Australian residents diagnosed with cancer.

Methods The study cohort consisted of all people diag-

nosed with cancer in the period 1990–2000 and aged

15–89 years (n = 1,275,978), with mortality follow-up to

31 December 2010. Flexible parametric survival models

incorporating background age–sex–year-specific popula-

tion mortality rates were applied to generate the observed

survival curves for all cancers combined and selected

major cancer types. Predicted values of loss of life

expectancy (LOLE) in years were generated and then

averaged across calendar year and age group (15–49,

50–69 and 70–89 years) or spread of disease (localized,

regional, distant, unknown).

Results The greatest LOLE burden was for lung cancer

(14.3 years per diagnosis) and lowest for melanoma

(2.5 years). There was a significant decrease in LOLE over

time (-0.13 LOLE per year) for all cancers combined.

Decreases were also observed for female breast cancer

(-0.21), prostate cancer (-0.17), colorectal cancer

(-0.08), melanoma (-0.07) and stomach cancer (-0.02),

with slight increases for lung cancer (?0.04). When

restricted to the sub-cohort from New South Wales with

spread of disease information, these decreases in LOLE

were primarily among cancers categorized as localized or

regional spread at diagnosis.

Conclusions In Australia, persons diagnosed with cancer

have a steadily improving outlook that exceeds that

expected by general improvement in population life

expectancy. The overall improvement is observed in per-

sons with localized or regional cancers but not in those

with advanced cancers, findings which encourage earlier

diagnosis.

Keywords Cancer � Life expectancy � Prognosis � Spread

of disease � Australia

Introduction

Assessing the changing impact of disease through cause-

specific mortality trends has an enduring history in health

research. However, population trends in mortality rates

alone do not quantify the disproportionate impact of deaths

in younger age groups on population life expectancy, nor

how those impacts may be changing over time. Recent

studies in diverse countries have sought to better quantify

the changing mortality burden through examination of

(person) years of life lost (PYLL or YLL) [1–4].
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While offering advantages over standard mortality rates,

an important limitation of the YLL measure is that it

requires accurate cause of death information. In addition,

since it is calculated using mortality information only, the

YLL measure does not consider when cancer patients were

diagnosed with the disease. Therefore, the experience of a

specific period-defined cohort diagnosed with the disease is

not captured.

Recently, we have published population-based estimates

of a newer measure, the loss of life expectancy (LOLE)

[5, 6], which addresses the question ‘‘On average, how

much does my life expectancy change now that I have been

diagnosed with cancer?’’ LOLE (measured in years) was

calculated using flexible parametric models [5, 7] to esti-

mate and extrapolate a cohort’s observed and expected

survival, and represents the difference between the

expectation of life in the general population and the

expectation of life among cancer patients. By the use of a

relative survival approach, the LOLE is not dependent on

accurate cause of death information and additionally pro-

vides estimates of the loss in expectation of life for an

entire cohort diagnosed with a specific cancer compared to

the general population, irrespective of whether they died

from that cancer. Although the specific methods differ,

there are similarities between this approach and that

developed by Hwang and Wang [8, 9] and applied recently

[10], in that they both take background mortality infor-

mation into account for extrapolation of survival beyond

the end of follow-up.

In a country where population life expectancies are

increasing [11], it remains unclear whether those diagnosed

with cancer are experiencing similar improvements in

outcomes. By using data from population-based registries

in Australia, we evaluated temporal trends in life expec-

tations for people diagnosed with cancer to assess how the

mortality burden caused by cancer in Australia has changed

over time.

Methods

Cancer cohort

State and Territory Cancer Registries provided approval to

access and use de-identified data through the Australian

Institute of Health and Welfare (AIHW) [12]. The excep-

tion was the Australian Capital Territory, comprising

around one percent of all cancers diagnosed in Australia

[13]. Notification of all invasive cancers (excluding ker-

atinocyte cancers) is required by law.

Since the methods used in this study have been

demonstrated to have robust predictive ability when there

is at least 10 years of potential follow-up [5], we restricted

the study cohort to consist of all cancer patients diagnosed

from 1990 through to 2000, enabling us to have at least 10

years of follow-up on mortality status to 31 December

2010, which was the latest available data at the time of the

data extraction. Mortality status was obtained using routine

annual linkage of cancer records with the National Death

Index in Australia. We restricted the cancer cohort to

patients diagnosed when aged between 15 and 89 years old

due to the different cancer classifications used for pediatric

cancer [14] and for consistency with our recent survival

studies [6, 15]. Cases diagnosed on the basis of autopsy or

death certificate only, or when the recorded date of diag-

nosis was after the date of death, were excluded from the

cohort.

The analyses are presented for all invasive cancers

combined (ICD-O-3 codes C00-C80), in addition to the

individual types of cancers listed in Table 1. Disease stage

at diagnosis is not routinely collected by most population-

based cancer registries. However, New South Wales

(NSW), the most populous state in Australia comprising

35 % of the overall study cohort, does collect a measure of

disease stage. We therefore used the NSW cohort to

investigate the impact of spread of disease at diagnosis on

the temporal changes in LOLE.

Relative survival

For members of the study cohort who died before 31

December 2010, survival time was calculated as the time

between diagnosis and death. For patients who were not

known to have died before this date, the follow-up time

was censored at the censoring date (31 December, 2010).

Since the purpose of this study was to assess trends in

LOLE over time of diagnosis, we used the cohort method

to calculate relative survival.

Flexible parametric relative survival models [16, 17]

incorporating background age–sex–year-specific popula-

tion mortality rates were applied to generate the observed

survival curves. These models use restricted cubic splines

for the baseline and so can more readily capture the shape

of the underlying excess hazard function compared to more

traditional methods such as the Cox proportional hazards

model [5]. The expected survival curves were obtained

using the age–sex–year-specific population mortality rates.

For each cancer group, we included year of diagnosis,

age at diagnosis and sex in the model. The variables age

and year of diagnosis were included as continuous vari-

ables using restricted cubic splines (four and three degrees

of freedom, respectively), and where model convergence

requirements enabled it, variables were allowed to have a

time-dependent effect.

While extrapolating the observed survival curves

beyond the available follow-up is difficult, Andersson et al.
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[5, 6] demonstrated that it was possible to extrapolate the

relative survival curve through modeling of the excess

mortality component. We assumed a linear trend in the log

cumulative excess hazard when extrapolating observed

survival for the individual cancer sites; however, exami-

nation of the observed and predicted relative survival

curves suggested that the statistical cure model fitted best

for all cancers combined. For completeness, we have

shown the impact of the different assumptions on the final

LOLE values (Supplementary Table 1). Predicted values of

LOLE were generated by averaging the differences in the

areas under the projected survival curve across calendar

year and broad age group (15–49, 50–69 and 70–89 years)

for the cancer patients and the general population. For the

NSW cohort only, it was also possible to investigate the

impact of spread of disease, classified as localized, regio-

nal, distant or unknown.

We conducted sensitivity analysis by varying the max-

imum length of follow-up time for each cancer patient and

then looking at the impact on the temporal trends between

1990 and 2000. This meant that we ran three iterations of

the model: censoring records at 5 years after diagnosis,

censoring records at 10 years after diagnosis, and censor-

ing records at the maximum follow-up (i.e., 31 December

2010).

The direction, magnitude and significance of linear

trends in the LOLE estimates over time were quantified

using linear regression models, in which the outcome

variable was the age- and year-specific LOLE estimate, and

year and age group at diagnosis were explanatory variables.

Due to the very large cohort size, we used p\ 0.001 to

indicate statistical significance for these trend coefficients.

All statistical analyses were performed using Stata/SE

version 12.1 for Windows (StataCorp, TX, USA). Flexible

parametric survival models were fitted using the stpm2

package [16, 17].

Results

Australian cohort

A total of 814,806 Australian residents were diagnosed

with cancer between 1990 and 2000 when aged between 15

and 89 years. Of these, 263 (0.03 %) were excluded due to

missing or negative follow-up times and 7,668 (0.9 %)

were excluded due to the diagnosis being based on death

certificate only. The remaining 806,875 patients formed the

study cohort (Table 1). The median age at diagnosis was

67–71 years for most of the specified types of cancer but

was about 10 years younger for melanoma and female

breast cancer. The median time of observed follow-up

among the cohort for all cancers combined was 5.3 years

(range 0–21 years) and varied across the different cancer

types from 0.6 years for lung cancer to 12.5 years for

melanoma. Over two-thirds (68 %) of all patients died

from any cause before the end of 2010, ranging from 37 %

for melanomas to 96 % for lung cancer.

Across the whole study period, the average estimated

cohort life expectancy from the time of diagnosis (Table 1)

was 12.4 years for all cancers combined and ranged from

24.5 years for those diagnosed with melanoma to 2.4 years

for lung cancer. This, however, was influenced by the

differing age and sex distributions of the cancers, resulting

in slight variation in age–sex-matched population life

expectancy for each cancer type (Supplementary Figure 1).

When subtracting the cohort life expectancy from the

population life expectancy, the average LOLE for all

Table 1 Characteristics for the Australian cohort (1990–2000, follow-up to 2010) aged 15–89 years at diagnosis

Cancer type Incident cases Median age

(years) and IQRa
% Males % of cohort who died

before 31 December 2010

(all causes combined)

Average estimated

life expectancy

(years)

Average

LOLEb

(years)

Total years

of life lost

All cancers combinedc 806,875 67 [56–75] 55 68.4 12.4 8.2 6,615,775

Colorectal cancer 111,945 69 [60–76] 55 71.5 10.5 7.2 811,121

Female breast cancer 101,390 59 [49–70] 0 45.7 19.9 6.7 681,630

Lung cancer 81,024 69 [62–76] 69 95.7 2.4 14.3 1,156,789

Melanoma 78,648 57 [43–70] 55 36.6 25.5 2.5 197,492

Prostate cancer 105,300 71 [65–77] 100 70.6 10.7 2.9 303,810

Stomach cancer 18,741 71 [62–78] 66 89.2 4.6 12.1 237,937

a Interquartile range
b Loss of life expectancy
c Includes all cancers (excluding keratinocyte cancers), not just those cancers specified in this table
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cancers combined was 8.2 years, ranging from 2.5 years

for melanoma to 14.3 years for lung cancer (Table 1).

Spread of disease at diagnosis—NSW cohort

In NSW, 280,901 residents were diagnosed with cancer

between 1990 and 2000, of whom 38 % were diagnosed

with localized cancer, 19 % were diagnosed with regional

cancer, and 14 % were diagnosed with distant cancer. The

proportion with distant disease ranged from 4 % for mel-

anoma to 31 % for lung cancer. About one quarter (29 %)

of cancers in the NSW cohort had no information about

spread of disease at diagnosis; this percentage ranged from

4 % for melanoma to 47 % for prostate cancer.

When combined across the spread of disease categories

and years, the average LOLE for the various cancer types

in NSW was similar to the corresponding Australian

averages (Tables 1, 2). For all types of cancer examined,

the average LOLE was lowest among people diagnosed

with localized cancer, intermediate for those with regional

cancer and highest for people diagnosed with advanced

cancer (Table 2).

Changes over time

There was a general decrease in LOLE estimates over time

in Australia (Fig. 1; Table 3). Among 15- to 89-year-olds

combined, the average LOLE for all cancers decreased from

9.4 years for people diagnosed in 1990 to 7.7 years for

people diagnosed in 2000, reflecting a significant average

annual decrease of -0.13 LOLE per calendar year

(Table 3). Decreases over time were also observed in LOLE

for female breast cancer (from 8.6 in 1990 to 5.1 in 2000,

-0.28 LOLE/year), prostate cancer (4.5 to 2.5, -0.15 LOLE/

year), colorectal cancer (7.9 to 6.6, -0.08 LOLE/year),

melanoma (3.0 to 2.3, -0.07 LOLE/year), while the LOLE

trends for stomach cancer were stable (12.1 to 11.8,

-0.00 LOLE/year). In contrast, while the 2000 LOLE point

estimate was lower than the 1990 point estimate for lung

cancer, over the time interval there was a small, but signifi-

cant linear increase in LOLE estimates (14.5 to 14.2,

?0.07 LOLE/year).

For most specified cancers, the LOLE declined signifi-

cantly over time in each age group. The magnitude of

change in LOLE over time was higher among those diag-

nosed aged between 15 and 49 years compared to those

diagnosed at older ages (Table 3). Exceptions to these

patterns were the significant increases in LOLE over time

for patients diagnosed with lung cancer while aged 50–69

and 70–89 years of age, and the stable LOLE over time for

stomach cancer patients in the two older age groups

(Table 3).

When restricting the analysis to the NSW cohort, there

were generally similar trends to those reported from the

national cohort, with the exception of a non-significant

decrease in colorectal cancer, whereas this decrease was

significant in the national cohort. Analysis stratified by

spread of disease showed that for cases categorized as local

or regional, decreases in LOLE over time were observed

across all cancer types studied, with the exception of

regional lung cancer, which showed significant increases in

LOLE over time (Table 4; Fig. 2). However, where spread

of disease was categorized as distant, LOLE remained

stable over time for stomach cancer and all cancers com-

bined and significantly increased for both colorectal cancer

and lung cancer (Table 4; Fig. 2).

Results from the sensitivity analyses are shown in

Supplementary Figures 1 (Australia) and 2 (New South

Wales). Using only 5 years of follow-up tended to inflate

the LOLE estimates, whereas there was little quantitative

difference between 10 years and ‘‘maximum’’ follow-up

(up to 20 years).

Discussion

In a population in which overall life expectancy is

increasing [11], we found that, on average, Australians

diagnosed with cancer in 2000 were projected to experi-

ence lower loss of life expectancy due to their cancer than

those diagnosed in the early 1990s. This is an encouraging

result as it indicates that not only have cancer patients

experienced an increase in life expectancy over time, but

that this increase has occurred at a greater rate than that for

the general population. While the annual improvement in

overall survival following cancer diagnosis, -0.13 LOLE

per year, may appear modest, it translates to more than

1 year of added life expectancy between 1990 and 2000, in

addition to the increases in general population life expec-

tancy over that time.

While the precise reasons for these results are likely to

be numerous and beyond of the scope of this study, some

possible explanations are worth considering. Of note for

the results for all cancers combined is that the mix of

cancers has changed over time. In particular, the proportion

of cancers that were lung and stomach cancer (with poor

survival) decreased over the study period, while the pro-

portion of prostate cancers (higher survival) increased.

Advances in cancer management over time are one

potential explanation for the observed trends in specific

cancer types. Increasing use of neoadjuvant therapies,

endocrine therapies, and the introduction of second- and

third-generation chemotherapy agents have resulted in

improvements in survival for women diagnosed with

breast cancer [18]. The increase in treatment of surgical
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Table 2 Cohort characteristics for the New South Wales cohort (1990–2000, follow-up to 2010) aged 15–89 years at diagnosis, by spread of

disease

Cancer type/spread

of disease

Incident cases

n (%)

Median age

at diagnosis

% of cohort who died

before 31 December 2010

(all causes combined)

Average estimated

life expectancy

(years)

Average loss of life

expectancy (LOLE)

in years

All cancersa

Localized 106,720 (38) 65 51 18.5 4.1

Regional 53,800 (19) 66 71 11.4 9.9

Distant 40,077 (14) 69 96 2.0 15.9

Unknown 80,304 (29) 70 77 9.7 8.6

Combined 280,901 (100) 67 69 12.3 8.2

Colorectal cancer

Localized 11,037 (29) 69 56 15.3 2.3

Regional 17,402 (45) 69 71 10.8 7.2

Distant 5794 (15) 68 96 2.0 16.3

Unknown 4272 (11) 71 72 8.9 7.3

Combined 38,505 (100) 69 71 10.5 7.2

Female breast cancer

Localized 18,369 (52) 60 35 23.2 3.0

Regional 11,248 (32) 56 51 18.5 10.3

Distant 1509 (4) 63 87 4.5 19.2

Unknown 4158 (12) 66 59 15.6 6.8

Combined 35,284 (100) 59 46 20.0 6.5

Lung cancer

Localized 5722 (20) 69 89 4.4 12.4

Regional 5180 (18) 68 94 2.7 15.3

Distant 8556 (31) 68 99 0.7 16.9

Unknown 8589 (31) 72 97 1.7 13.1

Combined 28,047 (100) 69 95 2.2 14.5

Melanoma

Localized 23,602 (88) 59 36 25.6 1.5

Regional 1095 (4) 68 70 12.6 7.7

Distant 1205 (4) 64 82 6.5 16.3

Unknown 975 (4) 63 50 20.1 5.0

Combined 26,877 (100) 59 40 24.0 2.5

Prostate cancer

Localized 15,811 (42) 70 62 12.9 1.6

Regional 1823 (5) 67 64 12.0 4.6

Distant 2472 (7) 75 97 2.9 8.9

Unknown 17,829 (47) 73 74 10.0 2.6

Combined 37,935 (100) 71 70 10.9 2.7

Stomach cancer

Localized 1376 (20) 72 75 9.2 6.9

Regional 2559 (38) 69 89 5.7 12.6

Distant 1516 (23) 70 98 1.1 16.6

Unknown 1277 (19) 75 90 3.1 10.5

Combined 6728 (100) 71 88 4.9 12.0

a Includes all cancers (excluding keratinocyte cancers), not just those cancers specified in this table
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colorectal cancer cases with adjuvant therapies has been

suggested as a contributor to the survival increases in

South Australia [19] and to the reported differences in

colorectal cancer survival between the USA and Europe

[20]. Similarly, for stomach cancer, reductions in peri-

operative morbidity and the use of extended lym-

phadenectomy in early-stage tumors, along with continued

improvements in chemotherapeutic regimens for stage III

tumors, have been thought to have contributed to

improvements in survival [21]. However, the diverging

trends in LOLE for colorectal cancer in Australia com-

pared to the NSW cohort, and the lack of any systemic

difference in colorectal cancer management in NSW

suggests that cancer management alone does not provide

the sole reason for the observed trends.

As in all survival-based studies, the interpretation of

trends over time may be impacted by the effects of

screening and earlier diagnosis. Lead-time bias refers to the

length of time between the detection of a disease (typically

through screening) and when diagnosis would have been

made without screening. When the diagnosis is made ear-

lier, this will increase the observed survival and thus

increase the estimate of observed life expectancy. The

expected survival will also increase to some extent,

because the matched cohort will be younger and the cal-

endar year earlier. However, it is only if these increases are

of similar magnitude that the LOLE will be unaffected, and

unpublished simulation studies (Andersson, personal

communication) have shown that lead-time bias can spu-

riously decrease estimates of LOLE. While we adjusted for

spread of disease, the categories are broad and it is likely

that there is a survival gradient within, as well as between,

categories. If there has been a similar shift over time within

the spread of disease categories, then this may explain at

least part of the observed temporal decrease in LOLE.

The temporal trends in LOLE reported here may also

have been influenced by changes in risk factors, if the

impact of risk factors was to change the disease progres-

sion after the cancer is diagnosed, as has been previously

observed in associations with cancer survival [22].
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However, the evidence for the role of most risk factors

(such as obesity [23–26]) and cancer prognosis is mixed

and depends on the cancer type.

The lack of any favorable trend in LOLE for people

diagnosed with lung cancer, particularly among those aged

50 years and over when diagnosed, reflects the poor

Table 3 Temporal linear trends in modeled mean loss of life expectancy (LOLE) from diagnosis by broad age group and cancer type in

Australia from 1990 to 2000a

Cancer type Age group 15–89 years combined

15–49 years 50–69 years 70–89 years

LOLE (years)

1990/2000

Change per

yeara,b
LOLE (years)

1990/2000

Change per

yeara,b
LOLE (years)

1990/2000

Change per

yeara,b
LOLE (years)

1990/2000

Change per

yeara,b,c

All cancers

combined

15.1/11.6 -0.30* 11.0/9.3 -0.13* 5.4/4.7 -0.05* 9.4/7.7 -0.13*

Colorectal

cancer

17.2/14.7 -0.24* 9.6/8.6 -0.10* 4.3/3.9 -0.04* 7.9/6.6 -0.08*

Female breast

cancer

16.4/9.7 -0.56* 7.1/4.5 -0.22* 3.0/1.9 -0.10* 8.6/5.1 -0.28 *

Lung cancer 31.2/31.0 -0.05* 17.7/19.0 ?0.11* 8.3/9.0 ?0.05* 14.5/14.2 ?0.07*

Melanoma 4.0/3.1 -0.11* 2.8/2.3 -0.06* 1.5/1.2 -0.02* 3.0/2.3 -0.07*

Prostate

cancer

19.5/8.4 -0.84* 6.2/3.2 -0.20* 3.4/1.8 -0.11* 4.5/2.5 -0.15*

Stomach

cancer

28.3/25.9 -0.21* 15.4/15.6 ?0.03 7.0/7.0 ?0.01 12.1/11.8 -0.00

a Results of linear regression on LOLE estimates. Estimates presented are the beta coefficients for years of diagnosis from the linear regression

model
b * p\ 0.001
c Adjusted for age group at diagnosis

Table 4 Temporal linear trends in modeled mean loss of life expectancy (LOLE) from diagnosis by cancer type and spread of disease in New

South Wales from 1990 to 2000a,b

Cancer

type

Localized Regional Distant Unknown Combined

LOLE

(years)

1990/2000

Change

per

yeara,b,c

LOLE

(years)

1990/2000

Change

per

yeara,b,c

LOLE

(years)

1990/2000

Change

per

yeara,b,c

LOLE

(years)

1990/2000

Change

per

yeara,b,c

LOLE

(years)

1990/2000

Change

per

yeara,b,c

All cancers

combined

4.6/3.4 -0.10* 11.3/8.6 -0.18* 16.6/16.0 ?0.01 10.1/7.5 -0.14* 10.6/8.9 -0.12*

Colorectal

cancer

2.7/2.1 -0.04* 8.2/6.7 -0.08* 17.1/16.4 ?0.05* 8.4/6.9 -0.06* 9.1/8.1 -0.02

Female

breast

cancer

3.8/2.0 -0.14* 13.0/7.1 -0.40* 19.6/17.7 -0.19* 8.3/4.6 -0.24* 11.2/7.9 -0.26*

Lung

cancer

12.7/12.4 ?0.07* 16.3/15.4 ?0.04 16.8/17.5 ?0.12* 13.3/12.7 ?0.08* 14.8/14.5 ?0.11*

Melanoma 2.0/1.3 -0.04* 10.6/6.6 -0.15* 18.0/15.3 -0.10* 6.6/4.5 -0.12* 9.3/6.9 -0.03*

Prostate

cancer

2.2/1.3 -0.08* 5.5/3.7 -0.19* 10.5/8.1 -0.09* 3.9/2.2 -0.11* 5.5/3.8 -0.13*

Stomach

cancer

7.0/6.2 -0.07* 12.7/11.4 -0.05* 16.7/17.5 ?0.04 10.2/9.5 -0.02 11.7/11.1 -0.02

a Results of linear regression on LOLE estimates. Estimates presented are the beta coefficients for year of diagnosis from the linear regression

model
b Adjusted for age group at diagnosis
c * p B 0.001
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survival outcomes for this cancer. While there have been

slight improvements in lung cancer survival in Australia

and among other more socioeconomically developed

countries during recent decades [27], further efforts are

hampered by the lack of effective screening tests for the

whole population and curative treatments beyond surgical

resection for localized tumors [28].

The results for melanoma highlight the importance of

LOLE when communicating the full implications of a

cancer diagnosis to patients. Melanoma is often categorized

as a high survival cancer, particularly when most tumors

are diagnosed when thin and therefore treated with curative

intent using excision. However, our findings that even

people diagnosed with localized melanoma can expect, on

average, to have some loss of life expectancy are consistent

with the reported survival gradient by thickness even

among thin (B1.0 mm) melanomas [29]. Further, more

people in Queensland, Australia, have been reported to die

following diagnosis of a thin melanoma than the number

who die from thick ([4 mm) melanomas, due to the much

larger number of melanomas that are diagnosed with

localized spread of disease [30].

Our results also demonstrate the very high burden that

cancer has on the community. We estimate that the over

800,000 Australians diagnosed with cancer between 1990

and 2000 will lose over six and a half million years of life

expectancy. It also highlights the importance of detecting

cancer early. Not only were the greatest LOLE estimates

among those people whose cancer was diagnosed at a

distant spread of disease, but for several cancers there was

either no evidence of an improvement or even a significant

increase in LOLE over time among patients with more

advanced disease at diagnosis. That localized cancer had a

much lower and reducing impact on LOLE underlines the

need to prioritize public health efforts to increase aware-

ness of the signs of early cancer, seek prompt medical

clarification and participate in recognized screening

programs.

On face value, the measure of YLL provides more up to

date information about life expectancy than LOLE because
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YLL is based on more recent mortality statistics than the

diagnostic period on which our study is necessarily based

to allow for extrapolation of the expected and observed

survival curves. For example, a recent Norwegian study

reported YLL up to the year 2012 [1]. However, not only

are these mortality statistics based on people diagnosed

much earlier, the actual diagnostic period is typically not

known or reported. Treatment for cancer usually occurs

soon after diagnosis, so the impact that earlier diagnosis or

treatment may have on loss of life expectancy would occur

closer to the time of diagnosis rather than the time of death.

Therefore, by reporting estimates of life expectancy

according to diagnostic period, not mortality period, we

provide a more realistic and transparent picture of the

contemporariness and relevance of the results.

The rationale behind this approach of calculating

remaining life expectancy following a cancer diagnosis is

similar to that proposed by Liu et al. [10] who used a

semiparametric extrapolation method on annual life

tables in the USA to calculate expected years of life lost

(EYLL), similar in meaning to our LOLE measure. Across

a similar time period (1992–2005 vs 1990–2000) but with a

shorter follow-up (2006 vs 2010), Liu et al. found similar,

but generally lower, estimates of EYLL for Americans to

our results in LOLE for Australians with lung cancer

(EYLL = 13.8 years vs LOLE = 14.3 years), colorectal

cancer (6.5 vs 7.2), female breast cancer (6.3 vs 6.7) and

prostate cancer (1.8 vs 2.9). Importantly, both methods do

not require accurate cause of death information. These

methods are in contrast to other recent studies [1, 2]

reporting years of life lost due to cancer. One advantage the

flexible parametric method has over that described by Liu

et al. [10] is that it is readily implemented using existing

routines [7, 17] available in standard statistical software

such as Stata (Statacorp, College Station, Texas 77845

USA), thus enabling access to a large suite of post-esti-

mation and visualization options.

Despite the differences in methodology mentioned above,

our results showing a reduction in LOLE over time are

consistent with a recent study in the USA [2] that used life

table methods to separate the competing impacts of YLL due

to cancer mortality and those due to other causes. This

investigation also found an overall reduction in the burden of

cancer-specific mortality across time for most cancer types.

Strengths of our study include the use of national data

for cancer registration, population mortality and estimated

resident population, an advantage over a recent US study

on PYLL that obtained cancer and non-cancer mortality

rates from different geographical areas [2]. While the

national estimates were not adjusted for spread of disease

at diagnosis, by using state-specific data we were able to

demonstrate that the decreases in LOLE were generally

consistent across localized and regional cancers, but less

evident among distant cancers.

Limitations include the lack of additional information

about management strategies and that the use of population

mortality rates may be less valid for some cancer types due

to shared risk factors for other causes of deaths. For

example, smoking is related to lung cancer, but it also

greatly increases the risk of cardiovascular death. It has

been demonstrated that the predictive ability of the flexible

parametric method is robust [5], particularly when the

cohort had at least 10 years of potential follow-up, and this

is consistent with the results of our sensitivity analyses.

This is the case for all years in our study cohort, and further

analyses (Supplementary Figure 3) demonstrated a strong

concordance between the observed relative survival esti-

mates and the modeled estimates.

In conclusion, the observed reduction in LOLE experi-

enced by people diagnosed with cancer in Australia should

provide hope for patients and increased motivation for

those involved in cancer care, support, research and policy

to continue their efforts to reduce the burden of cancer in

the community.
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