Chapter 3 Estimating area variation in cancer survival
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Abstract

Objective: To improve estimation of regional variation in cancer survival and identify cancers
to which priority might be given to increase survival.

Methods: Survival measures were calculated for 25 major cancer types diagnosed in each of
17 health service regions in New South Wales, Australia, from 1991 to 1998. Region-specific
risks of excess death due to cancer were estimated adjusting for age, sex, and extent of disease
at and years since diagnosis. Empirical Bayes methods were used to shrink the estimates. The
additional numbers of patients who would survive beyond five years were estimated by
shifting the State average risk to the 20™ centile.

Results: Statistically significant regional variation in the shrunken estimates of risk of excess
death was found for nine of the 25 cancer types. It was estimated that the lives of 2,903
(6.4%) of the 45,047 people whose deaths within five years were attributable to cancer could
have been extended beyond five years with reasonable survival improvement efforts. The
highest number of these had died from lung cancer (791).

Conclusions: The empirical Bayes approach gives more precise estimates of region-specific
risk of excess death and is preferable to standard methods for identifying cancer sites where
gains in survival might be made. Estimates of the numbers of lives that could be extended can
assist health authorities in prioritising investigation of and attention to causes of regional

variation in survival.
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Introduction

Survival is an indicator of the quality of cancer patient management. An analysis of cancer
survival across regions can identify possible differences in the performance of regional health
services with regard to cancer care. Identifying cancer types for which there is the greatest
potential for increasing survival so that they can be targeted for action is a key element of
such an analysis.

Place of residence is an important determinant of survival from cancer.'202%%

Regional
variation in cancer survival may be due to a number of factors, including access to primary
health care, the availability of diagnostic and treatment facilities and the treatment actually
given. It may also be an artefact. While earlier diagnosis due to screening or improved
diagnostic methods may truly increase survival, it may also just add lead time or extend
average survival through diagnosis of cancers that would not otherwise have been diagnosed

within the patients’ lifetimes.”"®' Sampling error may also produce spurious or spuriously

large variation, particularly when the regions compared have small populations.

The standard approaches usually estimate regional variation by testing the hypothesis that all
regional effects are identical, comparing extreme regions to the average, ranking the regions
and focussing on the poor performers. The estimates from such approaches lack precision
because of large sampling error. Consequently, use of these estimates may introduce errors in
decision making for health service planning. Comparisons of survival among regions by
producing a ‘league table’ is not very useful for decisions about where resources might best
be targeted to improve survival because it focuses on the regional differences rather than the

cancers for which the greatest gains might be made.®
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There is, therefore, a need to develop more meaningful and useful measures of regional
variation in survival. Empirical Bayes (EB) methods can be used to estimate a prior
distribution for region-specific risks of excess death and to “shrink” the distribution of the
observed estimates, bringing each estimate closer to the global mean roughly in inverse
proportion to the sample size on which it is based. Shrinkage estimators have become popular
and can be interpreted in many ways: they minimise the mean square error of the parameter
estimates across all the regions;83 take account of the regression to the mean for individual
regions;84 and take account of the variation in sample size.® The Bayesian approach also
provides a posterior distribution for the parameters for each region, whose expectation is the

. 6
shrunken estimator.®

This study aimed to explore the use of EB methods to produce more precise and robust
estimators for regional variation in cancer survival. Estimates of the number of excess deaths
due to cancer and lives that might be extended were also obtained to identify cancer types for
which targeted action to increase survival by reducing regional variation in risk of excess

death has the greatest potential to improve outcome.

Materials and Methods

Data

Data were obtained from the population-based New South Wales (NSW) Central Cancer
Registry, Australia, for 25 major types of cancer diagnosed between 1991 and 1998.
Notification of cancer is a statutory requirement in NSW. Data on the general population
mortality rates needed to calculate relative survival ratios were obtained from the Australian

Bureau of Statistics.
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The first occurrence of a primary cancer for an individual was included in the survival
analysis. Cases notified by death certificate only or identified at post-mortem, cases with
place of residence information not available, or age at diagnosis greater than 89 years, were

excluded from the analysis.

There are 17 Area Health Services in NSW; nine cover the major urban regions and contain
populations ranging from 270,000 to 750,000 and eight cover the rural regions with

populations ranging from 50,000 to 250,000. Assignment of cases to Health Service regions
for the purpose of analysis was based on their place of residence at the time of diagnosis of

their cancer.

All cases were followed up to December 2000 to determine survival status. People with
cancer who were not known to be dead were matched against death records from the State
Registrar of Births, Deaths and Marriages and the National Death Index. A modification of
the period method described by Brenner et al®” was used to compute five-year relative
survival based on cancers diagnosed in the period 1991 to 1998 and deaths in the period 1994
to 2000. Patients diagnosed in 1994 and 1995 had been followed-up for the full five years,
while the more recently diagnosed cases (1996 to 1998) had not. To supplement the
experience of those diagnosed in 1994 to 1998, the survival experience in 1996 to 1998 of
patients diagnosed in 1991 to 1993 was included in the analysis. Thus the fifth year of
survival experience from patients diagnosed in 1991 was included in the analysis, together
with the fourth and fifth years from patients diagnosed in 1992 and the third, fourth and fifth
years from those diagnosed in 1993. The end of follow-up was the date of death for those who
died within five years of diagnosis and before the end of 2000; those who had not died by the

end of 2000 and had not been followed up for five years were censored.

39



Statistical methods

Relative survival

Relative survival is the ratio of the observed proportion surviving in a group of patients to the
expected proportion that would have survived in a comparable group of people (with, for
example, the same distribution by age, sex, and geographical area) from the general

population.’

The survival time was measured from the month of diagnosis to the date of death or censoring
and was grouped into annual intervals for this analysis. Observed survival was estimated by
the life table method.®® Expected survival was estimated using the Ederer and Heise method,*’
which is also a life table method. The region-specific population life tables for the period
1994-1998 were used for these analyses. All-cause mortality data and the NSW population by
single year of age, sex and region of residence, were used to construct the region-specific life

tables.

In our analyses, cumulative relative survival was calculated as the ratio of the cumulative
observed survival proportion to the cumulative expected survival proportion as described in

the SURV?2 computer program manual.”

Relative excess risk of death

If cause of death was accurately known for all patients it would be possible to directly
estimate the cancer-specific fatality rates in each region and compare these estimates to the
estimates for NSW as a whole by calculating rate ratios. However, cause of death is not

reliably reported for all cancer patients and even with access to medical records it is difficult
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to classify each patient’s death into one of the two categories “entirely due to cancer” or
“entirely unrelated to cancer”. A preferable approach is to estimate the cumulative death rate
due to all causes in the cancer patients and subtract from it an estimate of the death rate in a
similar population without a diagnosis of cancer and thus gain an estimate of the “excess
cumulative death rate” or “excess risk of death”. The major advantages of this measure (and
its survival analogy, relative survival) are that information on cause of death is not required
and it provides a measure of the excess death rate experienced by patients diagnosed with
cancer, irrespective of whether the excess is directly or indirectly attributable to the cancer.
Thus we estimated the excess risk of death for each cancer type in each region and then
compared it with an estimate of the excess risk of death for the same cancer in the State as a
whole to produce an estimate of the relative excess risk of death for that cancer in each

region.91

Statistical modelling

To adjust for differences between the health service regions in variables other than treatment
that might affect the survival of cancer patients, a Poisson regression model of excess risk of
death during the first five years was constructed for each type of cancer and included age
group, years since diagnosis, sex (where applicable), and spread of disease at diagnosis
(where applicable) as main effects and the interaction between age group and years since
diagnosis where possible. For most cancer sites, age was divided into four groups: 15-44
years, 45-59 years, 60-74 years and 75-89 years; these age groups were modified for cancer of
the testis. Spread of disease at diagnosis was classified into four broad categories: localised,
regional (including adjacent organs and regional lymph nodes), distant and unknown. The
interaction term was included to allow for non-proportional hazards across the five years of

follow-up; it was, however, removed from the model for testis cancer to achieve convergence.
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For cancers of the lung, breast and prostate, an additional interaction term between spread of
disease and years since diagnosis was added to the model to improve the goodness-of-fit.
Nine models fitted the data well with very large p-values for the goodness-of-fit statistic,
another six were reasonable fits with p-values ranging from 0.06 to 0.33, and three had p-
values just less than 0.05. The remaining seven models did not fit the data well; the p-values
for the goodness-of-fit statistic were very low. In order to separate the regional variation due
to delay in diagnosis from the regional variation that may relate to differences in treatment,
we fitted the same models omitting spread of disease and compared their results with those

including this variable.

Empirical Bayes approach
To estimate the systematic regional variation in survival for each cancer type, we fitted a
model for the relative excess risk using the SAS procedure NLIN. To stabilise the estimates of
region-specific risk we applied an empirical Bayes method to get shrunken estimators for each
region. We assumed that the region-specific excess risks followed a Gamma distribution, with
mean 1, and variance 6. The shrunken estimators combined region-specific risk with the
results from all other regions as in the following formula:

Shrunken estimator (8) = (Obs + uz/cz)/(Exp + ].1/62)
where Obs and Exp are the observed and expected numbers of excess deaths, i is the average
excess risk for all regions (global mean) and o is its standard deviation for a given cancer site.
The local estimates (Obs/Exp) are shrunken towards the global mean (set as 1.0). The amount
of shrinkage varies according to the value of 6 and the value of Obs and Exp for each region.
If the region has a large population then this approach will move the local estimates very

little, whereas if the region is small then this approach will move the local estimate
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considerably closer to the global mean. If the variance (0% is large, the shrunken estimator

will remain similar to the local estimate.

Hypothesis test

The hypothesis of no regional variation (i.e. ¢ = 0) was tested for each cancer type by
comparing the statistic calculated as the ratio of ¢ and its standard error (z = o/se(c)) with the
standard normal distribution. A p-value of 0.05 or less from the hypothesis test was taken to
indicate statistically significant regional variation in the relative excess risk for the given

cancer.

Lives that might be extended
To show the importance of regional variation in survival and identify the cancer sites in which
improvement in care would result in large gains in survival, we estimated the number of lives
that would be extended beyond five years after diagnosis in people with each type of cancer if
the State average risk of excess death was shifted to the 20™ centile of the distribution of
region-specific risks of excess death. The number of lives that might be extended beyond five
years was then estimated using the following formula:

Number of lives that might be extended = Obs*(1-Uaotma)*S/SD(Ushrunken)
where [ome 1S the 20" centile of the empirical distribution and SD(Ushrunken) 1S the standard
deviation of the distribution of the shrunken estimators. In this way, we could provide an

estimate of the importance of the regional variation in survival for each cancer.
Results
The commonest cancers during the study period were cancers of the prostate (25,713), female

breast (24,316) and melanoma of the skin (18,574) (Table 4). Of the 25 chosen types of
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cancer, mesothelioma was the least common (785). These 25 types accounted for 92.5% of all

cancers in the study period.

Regional variation in the five-year relative survival ratios and crude and shrunken relative
excess risks of death with and without adjustment for spread of disease for the 25 types of
cancer are summarised in Table 4. The impact of the empirical Bayes method on the variation
in relative excess risk of death is readily seen in this table, and the inverse association,
generally, between the number of people with each cancer type and the amount of shrinkage.
For example, for cancer of the testis, a relatively uncommon cancer (1,411 cases), the relative
excess risks ranged from 0.00 to 3.9 while the shrunken estimates showed little variation.
Statistically significant variation in relative excess risk was found for nine of the 25 cancer
types analysed - cancers of the colon, liver, lung, female breast, ovary, prostate, and
melanoma of the skin, multiple myeloma and leukaemia. As shown in Table 4, after
adjustment for spread of disease, the regional variation in survival decreased for 11 sites out
of the 20 sites that had disease stage, increased for four sites and changed little for the
remaining five sites. There was statistically significant regional variation in survival for a 10"

site (stomach) after omitting disease stage from the model.
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Table 4. Regional variation in five-year relative survival (%), crude and
shrunken relative excess risks (RER) of death and test for regional variation in
1994-2000 for 25 cancers in NSW Australia

State-wide Range of regional Range of variation in RER* of death
Cancer type Number of B-year relative  variation in relative " " - -
new cases survival survival crude Without stage adjustment With stage adjustment
shrunken p-valuet shrunken p-valuet
Head and neck 5,553 55.2 32.6-60.7 0.89-1.63  1.00-1.007 1.00 1.00-1.009 1.00
Oesophagus 1,652 16.3 92-274 0.66 - 1.99 0.92-1.10 0.18 0.94-1.07 0.31
Stomach 3,588 25.3 12-32.2 0.83-1.32 0.84-1.12 0.005 0.92-1.04 0.08
Colon 15,280 60.4 51.5-66.5 0.88-1.36 0.88-1.19 <0.001 0.89-1.19 <0.001
Rectum 8,768 60.2 49.7-64.4 0.87 -1.50 0.98-1.01 065 0.98-1.01 0.69
Liver 1,051 12.6 4.0-36.3 0.62-1.75 0.81-1.34 0.006 0.79-1.33 0.009
Gallbladder 1,064 18.8 7.0-276 046-155  0.92-1.07 032 095-1.03 0.41
Pancreas 2,795 54 24-11.0 0.87-1.36 0.96-1.04 036 0.92-1.07 0.12
Lung 13,992 13.2 8.9-16.5 0.90-1.16 0.91-1.08 0.02 0.91-1.09 0.03
Melanoma 18,574 91.0 86.8-92.9 0.87 - 1.60 0.83-1.29 0.004 0.92-1.35 <0.001
Mesothelioma** 785 15.1 8.7-234 080-1.33  0.96-1.07 043 0.97-1.06 0.45
Breast (female) 24,316 84.9 79.6-88.3 079-145  081-1.13 0.001 0.83-1.12 <0.001
Cervix 2419 72.6 409-78.8 0.62-1.89 0.95-1.03 064 0.90-1.08 0.25
Body of uterus 3,019 79.8 74.2-86.2 0.70-1.38 0.86-1.12 006 086-1.12 0.13
Ovary 2,278 39.5 20.9-57.6 0.63-1.76 0.79-1.15 0.002 0.82-1.22 0.006
Prostate 25,713 85.2 76.0 - 88.6 0.82-1.63 0.76 - 1.52 <0.001 0.85-1.43 <0.001
Testis 1,411 95.6 84.3-102.0 0.00-3.93  1.00-1.007 1.00 1.00-1.001 1.00
Bladder 4,753 62.0 52.1-69.5 0.82-1.38 0.86-1.13 0.05 091-1.07 0.12
Kidney 4,740 58.4 43.6 -69.5 0.75-1.30 0.94-1.03 0.16 1.00-1.00 1.00
Brain 2,376 184 12.0-26.4 0.64-1.34 0.94-1.05 023 0.94-1.05 0.23
Thyroid 2,400 94.0 76.2-107.1 0.00-3.26 0.72-1.31 015 0.61-1.46 0.08
NHLt 6,677 54.3 45.2-68.0 0.68 -1.31 0.92-1.07 0.15 0.92-1.07 0.15
Hodgkin's disease 908 78.0 45.8-937 021-243  1.00-1.007 1.00 1.00-1.001 1.00
Multiple myeloma 2,035 348 18.6-51.5 040-157  0.87-1.20 002 0.87-1.20 0.02
Leukaemia 4,420 36.5 27.5-68.1 0.50-1.35 0.87-1.17 001 087-1.17 0.01

* The state average excess risk is the reference

T p-value of test for regional variation

1 Very little regional variation was observed following shrinkage

** Only two-year relative survival was calculated due to small numbers of survivors.
T Non-Hodgkin lymphoma

A comparison of the un-shrunken and shrunken regional estimates of relative excess risk of
death for liver cancer is given in Figure 1. The shrunken estimates have narrower confidence
intervals than the crude estimates and regions with wide 95% confidence intervals and

extreme values have shrunk more.
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Figure 1. RER of death in 1994-2000 for patients with a diagnosis of liver cancer
by health service region in NSW Australia before and after shrinkage

The estimated number and percent of lives that might be extended for the 25 cancers are
shown in Table 5. The number of lives that might be extended depends on both the regional
variation in survival (6) and the number of excess deaths from the given cancer. The highest
number of lives that might be extended (791) was in patients diagnosed with lung cancer
although the regional variation was modest for this cancer. The estimated proportion of lives
that might be extended beyond five years out of the total excess deaths for an individual
cancer in the five years after diagnosis (lives lost within five years) was largest for thyroid

cancer (39 lives that might be extended being 38.6% of the excess deaths).
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Table 5. Number of lives that might be extended beyond 5 years of diagnosis
and percentage of excess cancer deaths in 1994-2000 for 25 cancers in NSW,

Australia

Lives that might be extended

Cancer type Number of Sigma (O) 0
excess deaths Number % of number of
excess deaths

Lung 10732 0.07 791 74
Colon 4305 0.10 296 6.9
Leukaemia 1953 0.11 249 12.8
Prostate 2565 0.18 228 89
Non-Hodgkin lymphoma 2235 0.07 159 7.1
Pancreas 2440 0.07 152 6.2
Ovary 1074 0.15 119 1.1
Liver 808 0.20 119 14.7
Breast (female) 2467 0.10 110 44
Melanoma of the skin 1096 0.18 101 9.2
Multiple myeloma 1002 0.13 97 9.6
Oesophagus 1189 0.07 92 7.8
Stomach 2205 0.06 82 37
Rectum 2472 0.03 66 27
Bladder 1283 0.07 52 4.0
Brain 1514 0.06 44 29
Thyroid 100 0.42 39 38.6
Mesotheliomat 612 0.07 36 58
Cervix 444 0.10 34 7.6
Gallbladder 757 0.06 22 29
Body of uterus 406 0.13 14 35
Head and neck 1799 0.0005 1 0.1
Kidney 1412 0.0007 1 0.1
Hodgkin's disease 135 0.002 0 0.2
Testis 41 0.0002 0 0.0
All cancers 45047 0.07 2903 6.4

T Number of lives that might be extended beyond 2 years after diagnosis and % of excess deaths.

Discussion

We found statistically significant variation in the shrunken estimates of relative excess risk of
death across 17 health service regions in NSW for nine of 25 cancer types - cancers of the
colon, liver, lung, female breast, ovary, prostate, and melanoma of the skin, multiple myeloma
and leukaemia. All of these cancer types, except melanoma and multiple myeloma, were also
in the “top nine” for numbers of lives that might be extended; the two exceptions were in

positions 10 and 11.
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We interpret these findings as indicating that the variation among regions in the excess risks
of death from the nine cancers in which it was statistically significant is probably real and,
therefore, that the outcomes of these cancers could be improved through attention to the
causes of regional variation. In addition, because spread of disease at diagnosis was included
in the statistical models from which excess risks of death were estimated, the variation in
outcome we have described points to a need for improvement in cancer treatment services
rather than in the earliness of diagnosis of these cancers. When spread of disease at diagnosis
was omitted from the models there was significant regional variation for stomach cancer in
addition to the same nine cancers. This suggests that variation in earliness of diagnosis may be
an important contributor to variation in stomach cancer survival. We note also that our use of
“statistical significance” (p<0.05) to identify potentially meaningful findings is to some extent
arbitrary. It does, though, acknowledge the reality that “chance” contributes to variation in
survival between regions and should be taken into account when deciding where action to

improve survival might be targeted.

Further, among the nine types of cancer identified as having statistically significant variation,
priority in improving cancer services should be given to those with the highest estimates of
lives that might be extended, all other things being equal. In this respect, lung cancer stands
out with 791 lives that might be extended, followed by cancer of the colon, leukaemia and
cancer of the prostate with 296, 249 and 228 lives that might be extended respectively. In
addition, however, knowledge of what interventions would be effective in improving cancer
services, their feasibility and cost effectiveness and the equity of their effects would also have

to be taken into account when determining priorities.92
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It could be argued that having identified significant variation and a large number of lives that
might be extended, the regions with the highest shrunken relative excess risks of death should
be the focus of attention. For example, for cancer of the liver, for which relative excess risk of
death showed statistically significant variation among regions and was ranked eighth in
number of lives that might be extended, attention might be turned to the regions with the
highest shrunken relative excess risks of death: Central Coast, Hunter and Mid North Coast
regions, which are contiguous coastal regions immediately to the north of Sydney (Figure 1).
However, if their relative excess risks of death from liver cancer had been 1.0 (ie, the same as
in NSW as a whole) only 25 lives would have been extended beyond five years in the study
period; whereas, if the State mean could have been shifted to 0.89, which is the 20" centile of
the empirical distribution across regions, this number would have been 119. Thus a whole-of-
State rather than an individual region approach to improving services would probably be more
effective. Examining the variation in the shrunken estimates of relative excess risk between
regions and the reasons underlying it though, may still assist in identifying which whole-of-

State approaches might achieve the greatest gains.

While use of the 20 centile to determine the potential gains that would occur if this risk
could be achieved as the State average is arbitrary, the 20™ centile has been used since it is a

859394 than say the 5™ centile.*”

value that is more likely to be achievable
There are some limitations in our data and the analysis methods used. The data on spread of
cancer at diagnosis were provided by hospital medical records departments and may not be
accurate, although they are generally very highly predictive of survival.” In addition no data
on stage were available for cancers like leukaemia, lymphomas and multiple myeloma for

which the classification of spread of disease is of little relevance. Inaccuracy in the data on
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spread of cancer at diagnosis would reduce the capacity to remove from the regional variation
in relative excess risks of death that variation due to regional differences in screening for, and
early diagnosis of, cancer. Thus the inference that any variation observed was due mainly to
variation in cancer treatment may not be correct. More accurate data on stage at diagnosis of
cancer would be highly desirable for analyses such as these but are rarely available at the
whole population level. It is noteworthy that when spread of disease at diagnosis was omitted
from the statistical models, the results regarding regional variation in survival were very

similar.

The shrinkage of the region-specific excess risks to the State average risk, especially for
remote regions with small populations may be excessive since the aggregation of widely
different regions in the State average may make its distribution an implausible prior
distribution for some regions. The models used in these analyses assume that the regions have
relative excess risk ratios that are exchangeable: that is, a priori, the relative excess risk for a
region could be high or low. It can be argued that the regions do differ and their ratios are not
exchangeable. However, in the absence of any regional covariates that could be included in
the model, there is no alternative but to assume they are exchangeable. Given this assumption,

the results for all regions are used to improve the estimate for each individual region.

There is some independent evidence of remediable variation in quality of care in NSW for
some of the cancers we have pinpointed above. Specifically, an Australian national survey of
patterns of care for colorectal cancer in 2000, in which patients in NSW made up 30% of
patients whose care was surveyed, found that the patients’ care including the type of operation
performed varied significantly according to the patients’ place of residence and many patients

were not treated in accord with the recommended guidelines.”® Further in a study linking
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cancer registry records of women diagnosed with ovarian cancer in NSW in 1993 to 1996 to
hospital separation records, women experienced a higher risk of death if they were first
admitted to a public hospital other than a public principal referral hospital rather than to a
principal referral hospital or a private hospital, or if they were treated in that admission by a
practitioner other than a gynaecologist, surgeon or oncologist rather than by one of these more
appropriately specialised practitioners (Tracey and Armstrong, personal communication).
These results suggest that the outcome of care for ovarian cancer in NSW could be improved
by consistently ensuring early referral to a relevantly specialised practitioner or major referral

centre, as recommended in published guidelines.97

While regional variation in cancer survival has been reported from many other countries, such
as the USA,IO;13 Canada,80 England,29 Finlalnd,98 Scotland,ﬁ20 Italy11 and Denmark,31 and place
of residence has been found to be an important determinant of survival for a number of

10;20:80 2931 10
77 lung, % colon, rectum, uterus and prostate,

different cancer types, including breast,
we know of no previous analysis that has been specifically oriented towards identifying the
cancers incident within a particular region for which improvements in cancer care should be
given priority because of the probable existence and size of the gains in survival that could be
made. Dickman and colleagues® and Gibberd and colleagues® have elucidated the principles
on which our analysis is based and we have taken their work further forward by extending the
EB gamma-Poisson model to analysing variation in regional relative survival ratios and by
including the stage of the cancer at diagnosis to control for that source of potential variation.

We plan to use a more complete description of the results of this work as the basis for targeted

improvement of cancer services in NSW.
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Chapter 4 Area variation in colorectal cancer survival NSW, Australia 1996-

2001
About this chapter
This chapter contains the manuscript titled “A population-based study from New South
Wales, Australia 1996-2001: Area variation in survival from colorectal cancer” published in

Eur J Cancer 2005; 41:2715-21.

The authors of this publication are Xue Qin Yu, Dianne O’Connell, Robert Gibberd, and

Bruce Armstrong.

Changes have been made according to the guidelines for theses at the University of Sydney;

therefore, this chapter differs from the published version.

A reprint version of this article is shown in an Appendix.

The tables and references have been renumbered to maintain consistency within the thesis.
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Abstract

In this study, we investigated the impact of area of residence on survival for colon and rectal
cancer. Relative survival and relative excess risk of death from cancer were calculated for
each of 17 health areas in New South Wales, Australia. There were statistically significant
differences in survival across areas for both cancers after adjusting for demographic factors.
The variation remained for colon cancer but was reduced for rectal cancer after adjustment for
spread of disease at diagnosis. This persistent variation in colon cancer survival suggests that
variation in treatment contributes to it, and there is separate evidence for such variation. Of
the 7,186 patients whose deaths within five years were attributable to colorectal cancer, 784
could have had their survival increased to more than five years if the excess risk of death in all
areas was reduced to the 20™ centile of its distribution. Estimates such as this can assist in

prioritising improvements in cancer services.

Introduction

Over the last two decades, important improvements in survival for colorectal cancer have
been observed. These improvements may be attributable to earlier diagnosis, improved
treatment or both. New and improved surgical techniques and adjuvant therapy developed in
the early 1990’s have probably played an important role.***' These developments may not
have been applied universally in clinical practice however, and this may be reflected in

geographical variation in colorectal cancer outcomes.

Geographical variation in survival from colorectal cancer has been reported in many
countries.'***® Survival from colorectal cancer was found to vary markedly between
European countries and between states of the USA.'* Variation in survival from colorectal

cancer across districts in southern England was found to persist after adjusting survival rates
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for stage of disease, hospital size and surgery type.26 A number of factors make it difficult to
interpret this observed geographical variation. It is well established that the prognosis of
colorectal cancer is strongly associated with spread of disease at diagnosis and treatment. But
it is not easy to disentangle the effect of treatment from that of early diagnosis unless stage of
disease at diagnosis can be controlled in the analysis. This has rarely been done in population-

based studies of cancer outcome.”

This study aimed to investigate the influence of place of residence at diagnosis of colorectal
cancer on survival, while adjusting for demographic and clinical factors such as age, sex,
length of follow-up and spread of disease at diagnosis (a measure of stage) by using data from

an Australian population-based cancer registry.

Patients and Methods

Study population

Data were provided by the New South Wales (NSW) Central Cancer Registry, a population-
based cancer registry which covers the whole state of NSW with a population of
approximately 6.6 million. Notification of cancer has been a statutory requirement for all
NSW public and private hospitals, radiotherapy departments and nursing homes since 1972,
and for pathology departments since 1985.'% Only first occurrences of primary colorectal
cancer in people between 15 and 89 years of age at diagnosis were included. Cases notified by
death certificate only or first identified at post-mortem were excluded from analyses. All

patients diagnosed during 1992 to 2000 were followed for survival up to 31 December 2001.

Spread of cancer at diagnosis is obtained by the Registry from statutory notification forms and

from pathology reports and classified as localised (confined to tissue or organ of origin),
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locally advanced (spread to adjacent organs or tissues), regional (spread to regional lymph
nodes), distant (distant metastases) or unknown stage (no information available). Coding was
done either by medical coders in the hospitals who notified the registry, or by medical coders
in the registry who used pathology, inpatient and additional reports to determine stage. During
the period of this study, the State of NSW was divided into 17 geographically defined Area
Health Services; nine covered the major urban areas with larger populations ranging from
270,000 to 750,000 and eight were rural areas with populations ranging from 50,000 to
250,000. The assignment of cancer patients to an Area Health Service was based on their

place of residence at the time of diagnosis.

An indicator of socio-economic status (SES) was also used in the analysis. It is a summary
measure of educational and occupational levels of communities derived from the 1996
population Census.'”! An area with a high score on this index would have high concentrations
of people with higher education and people employed in the higher skilled occupations and
vice versa. The index values for each Local Government Area (LGA) in NSW were grouped
into quintiles. The residential address recorded at the time of diagnosis was used to allocate

each case to an LGA and to its corresponding SES quintile.

Data analysis
Variation in stage distribution between areas was assessed for colon and rectal cancers

separately.

As information on cause of death may not be accurate in the Registry data, we computed
relative survival to correct for mortality from competing causes of death. Five-year relative

survival was estimated for each Area Health Service using a modified period analysis. The
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period method has been described in detail elsewhere and is based on calendar year of

102;103 :
’ It focuses on a recent time

survival rather than year of diagnosis (cohort method).
interval (1996-2001) in which each patient’s survival experience is observed and excludes
short-term survival of patients diagnosed before the start of the interval (diagnosed 1992-1995
and dying before 1996) but includes their long-term survival within the period. Short-term
survival of more recently diagnosed patients (those diagnosed between 1996 and 2000) was
included. The survival time was measured from the month of diagnosis to the date of death or
censoring and was grouped into annual intervals. Observed and expected survival was
estimated using standard life table methods.™® All-cause mortality data obtained from the
Australian Bureau of Statistics and the NSW population by single year of age, sex and area of
residence were used to construct the life tables for each Area Health Service.

. . 104
A Poisson regression model

was used to examine variation in survival due to place of
residence at diagnosis after adjustment for other potential determinants of survival. For this
purpose, age at diagnosis was divided into four groups: 15-44 years, 45-59 years, 60-74 years
and 75-89 years. Spread of disease at diagnosis was classified into five categories: localised,

locally advanced, regional, distant and unknown stage. Other variables included in the model

were patients’ sex and length of follow-up.

Data from individual records were aggregated to yield one observation for each category of
the variables included in the model and then a generalised linear model with a Poisson error
structure based on grouped data using exact survival time was fitted for colon and rectal
cancers separately. The relative excess risk (RER) of death derived from this model is the
ratio of the excess risk of death in a given area (the excess minus the expected on the basis of

the area-specific life table) to that in a reference category (in this case the State average risk of
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excess death) after controlling for other factors included in the models. A RER of less than
one for a given area indicated that the risk in that area was lower than that of the State average
and vice versa. All analyses were done using SAS version 8.2, and the procedure GENMOD
was used to fit the models and assess the prognostic effects of the variables on relative

survival.

To estimate how much variation in survival between areas was due to variation in the extent
of the disease and how much to variation in treatment, we fitted two models, one with and the
other without spread of disease as a covariate, and then compared the estimates from the two
models.'” Variation in area-specific RERs of death from the model excluding spread of
disease should reflect effects of variation in both diagnosis and treatment. That from the
model including spread of disease should reduce the degree of variation in RER due to
differences in spread of disease, subject to the accuracy of spread of disease as a measure of

stage at diagnosis.

As many studies have identified SES as a moderate risk factor for colorectal cancer survival,
we added it to the model without spread of disease to investigate its impact on the between

area variation in RERs.

To stabilise the estimates of area-specific risk we applied an Empirical Bayes method to

obtain shrunken estimators. The methods are described elsewhere.'%

Briefly, we assume that
the area-specific excess risks follow a gamma distribution and variation of the gamma
distribution (c) was estimated using the SAS procedure NLIN. We specified the initial ¢

value as one (1) with bounds of 0.0001 to 3, and estimated its value. The standard errors of

the shrunken RERs were calculated and used to estimate the 95% confidence intervals (CI)
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using the normal approximation. The hypothesis of no area variation (i.e. 6= 0) was tested by
comparing the statistic calculated as the ratio of ¢ and its standard error (z = 6/se(c)) with the

standard normal distribution. A P-value of less than 0.05 from the hypothesis test was taken to

indicate statistically significant area variation in the RERs for the given cancer.

To show how important the factors underlying area variation in survival might be, we

estimated the number of patients whose survival time could be extended to beyond five years
after diagnosis if the overall excess risk of death in NSW following a diagnosis of colorectal
cancer could be reduced to the 20™ centile of the distribution of excess risks across the areas;

3 of the areas were below the 20" centile.'%!%”

This was done in separate categories for
spread of disease at diagnosis with the three advanced stage categories grouped together as

non-localised.

Results

There were 17,678 patients with colon cancer and 10,283 with rectal cancer included in this
analysis. The numbers in individual Area Health Services varied from 75 males and 59
females with colon cancer and 52 males and 21 females with rectal cancer in the least
populous Health Service to 1,210 males and 1,211 females with colon cancer and 828 males
and 588 females with rectal cancer in the most populous. The age and sex distribution of
colon and rectal cancers reported to the NSW Central Cancer Registry in a recent year are

available at http://www.nswcc.org.au/editorial.asp?pageid=263.

There was statistically significant variation between areas in the proportions of localised
tumours and unknown stage tumours (P<0.0001 for both colon and rectal cancer) (Table 6).

Four areas (South Western Sydney, Mid Western, New England and Far West) had lower

58



proportions of localised colon cancers (as a proportion of those of known stage) and two areas

(Far West and Illawarra) had lower proportions of localised rectal cancer. Far West also had a

higher proportion of unknown stage rectal cancer. It is the largest and most sparsely populated

of the areas with the highest proportion of Indigenous Australians in its population, thus high

proportions with late diagnosis of cancer would not be unexpecte

108
d.

Table 6. Stage distribution of colon and rectal cancer by NSW Areas Health

Services 1996-2001

Area Health Service

Colon cancer

Rectal cancer

Localised stage  Unknown stage ~ Number of Localised stage Unknown stage Number of

% of known stages % of all stages all stages % of known stages % of all stages all stages

Central Sydney 34.9 9.2 1161 40.1 13.4 731
Northern Sydney 31.2 8.3 2421 439 10.5 1292
Western Sydney 35.6 9.3 1348 433 9.9 840
Wentworth 33.5 9.8 529 47.5 121 338
South Western Sydney 26.9 9.2 1475 38.4 12.7 850
Central Coast 34.2 17.7 1063 43.9 16.8 591
Hunter 30.5 114 1731 40.6 15.0 919
lllawarra 29.7 13.5 1097 35.1 16.6 669
South Eastern Sydney 30.5 8.1 2262 38.1 12.2 1416
Northern Rivers 32.3 11.0 942 42.3 16.2 463
Mid North Coast 33.1 12.8 1013 46.7 13.7 568
New England 276 16.1 479 43.9 17.7 277
Macquarie 36.6 11.5 278 47.2 16.3 129
Mid Western 215 12.6 508 40.5 16.7 264
Far West 281 14.9 134 33.9 23.3 73
Greater Murray 35.1 15.4 708 425 18.5 482
Southern 32.7 9.3 529 414 15.7 381
New South Wales 31.6 10.9 17678 41.4 13.8 10283

The relative excess risks for colon cancer varied significantly by age group (P<0.0001) and

spread of disease at diagnosis (P<0.0001). RERs for rectal cancer varied significantly by age

group (P<0.0001), sex (P=0.01) and spread of disease at diagnosis (P<0.0001). The goodness

of fit for the Poisson models of both colon and rectal cancer without spread of disease at

diagnosis as a covariate was poor (P<0.0001). After adding spread of disease, the goodness of

fit was much better: P=0.36 for colon cancer and 0.56 for rectal cancer.
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After adjustment for age at diagnosis, sex, and length of follow-up, there was statistically
significant area variation in RER for colon (P=0.006) and rectal (P=0.049) cancers. The
shrunken RERs ranged from 0.91 to 1.11 for colon cancer and from 0.90 to 1.07 for rectal
cancer (Tables 7 and 8). There was also significant variation in RERs for colon cancer
(P=0.015) and to a lesser extent for rectal cancer (P=0.08), across SES categories, after
adjustment for age, sex and length of follow-up. For both, the RERs for the lower four
categories of SES, relative to the highest, ranged from 1.03 to 1.15 with little trend across
them. Adjustment for SES produced little change in the range of RERs for colon cancer across
areas (from 0.91-1.11 to 0.93-1.09 with an increase in P-value from 0.006 to 0.02) but
narrowed the range for rectal cancer appreciably (from 0.90-1.07 to 0.97-1.03 with an
increase in P-value from 0.049 to 0.48). Adjustment for spread of disease at diagnosis
similarly did not appreciably change the variation for colon cancer (RER 0.92 to 1.13,
P=0.004) but reduced that for rectal cancer (RER 0.93 to 1.05, P=0.16) (Tables 7 and 8).
Table 7. Five-year relative survival, shrunken relative excess risk (RER) due to

colon cancer with and without adjustment for disease stage at diagnosis and
95% confidence intervals (Cl), by NSW Area Health Services 1996-2001

Area Health Service Five-year relative ~ RER* without adjustment for ~ RER* with adjustment

survival (%) stage and its 95% ClI for stage and its 95% ClI

Central Sydney 60.0 1.01  (0.92-1.10) 1.04  (0.94-1.13)
Northern Sydney 63.4 0.91 (0.84-0.97) 0.92 (0.86-0.99)
Western Sydney 58.7 1.03  (0.95-1.12) 1.06 (0.97-1.15)
Wentworth 60.9 1.01  (0.90-1.13) 1.05 (0.93-1.17)
South Western Sydney 58.3 1.07  (0.99-1.16) 1.04  (0.96-1.13)
Central Coast 62.4 0.97 (0.88-1.06) 0.98 (0.89-1.08)
Hunter 61.0 1.02  (0.94-1.10) 1.03  (0.95-1.12)
lllawarra 64.0 0.93 (0.85-1.02) 0.93 (0.84-1.02)
South Eastern Sydney 61.4 0.96 (0.89-1.03) 0.95 (0.88-1.02)
Northern Rivers 62.6 0.95 (0.86-1.05) 0.95 (0.86-1.05)
Mid North Coast 62.8 0.95 (0.86-1.05) 0.98 (0.88-1.07)
New England 53.9 111 (0.99-1.23) 112 (1.00-1.25)
Macquarie 66.1 0.95 (0.83-1.07) 0.99 (0.86-1.13)
Mid Western 53.8 111 (0.99-1.23) 113 (1.00-1.25)
Far West 63.7 0.99 (0.86-1.13) 0.97 (0.83-1.11)
Greater Murray 59.5 1.04  (0.93-1.14) 1.09  (0.98-1.20)
Southern 59.3 1.02  (0.91-1.13) 1.02  (0.91-1.14)
New South Wales 61.3 1.00 1.00

* Adjusted for age, sex, and length of follow-up with the state average risk as the reference.
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Table 8. Five-year relative survival, shrunken relative excess risk (RER) due to
rectal cancer with and without adjustment for disease stage at diagnosis and
95% confidence intervals (Cl), by NSW Area Health Services 1996-2001

Area Health Service Five-yearrelative ~ RER* without adjustment  RER* with adjustment for

survival (%) for stage and its 95% CI  stage and its 95% Cl

Central Sydney 60.2 1.00 (0.91-1.10) 1.00 (0.91-1.09)
Northern Sydney 64.8 0.90 (0.82-0.98) 0.93 (0.86-1.01)
Western Sydney 58.9 1.04  (0.94-1.14) 1.04  (0.95-1.13)
Wentworth 64.4 0.97 (0.86-1.08) 1.01  (0.90-1.11)
South Western Sydney 58.5 1.06 (0.96-1.16) 1.05 (0.96-1.14)
Central Coast 59.1 1.00  (0.90-1.11) 1.01  (0.91-1.10)
Hunter 571 1.07  (0.97-1.16) 1.04  (0.96-1.13)
llawarra 62.0 0.99 (0.89-1.09) 0.99 (0.90-1.08)
South Eastern Sydney 61.1 0.98 (0.90-1.06) 0.95 (0.88-1.02)
Northern Rivers 62.4 0.95 (0.85-1.06) 0.97 (0.88-1.07)
Mid North Coast 64.7 0.95 (0.85-1.05) 0.99 (0.90-1.09)
New England 64.3 0.98 (0.87-1.10) 1.01  (0.91-1.12)
Macquarie 53.3 1.04  (0.92-1.17) 1.05 (0.93-1.16)
Mid Western 58.6 1.04  (0.92-1.16) 1.03  (0.92-1.13)
Far West 55.0 1.02  (0.89-1.15) 1.02  (0.91-1.13)
Greater Murray 62.9 0.97 (0.87-1.08) 0.99 (0.89-1.08)
Southern 60.0 1.02  (0.91-1.13) 1.00  (0.91-1.10)
New South Wales 61.6 1.00 1.00

* Adjusted for age, sex, and length of follow-up with the state average risk as the reference.

Area variation in RERs, estimated from the model containing age group, sex, length of
follow-up and stratified by spread of disease at diagnosis, was greatest for localised cancers,
as indicated by the comparatively large values for o, least for non-localised cancers and
intermediate for cancers of unknown stage (Table 9). Variation was greater for colon than

rectal cancer in each stage category.

Our estimate of the number of patients with colon cancer whose survival time might be
increased to more than 5 years (559) was higher than that for patients with rectal cancer (225)
due to the larger number of excess deaths and the greater area variation for colon cancer
(Table 9). The most lives that might be extended were in patients with non-localised colon

cancer (251) while the highest estimated proportion of lives that might be extended was for
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localised colon cancer (64.5%), because of the larger variation between areas in this category

(0=0.55).

Table 9. Number of lives that might be extended beyond five years after
diagnosis by degree of spread for colon and rectal cancer in NSW, 1996-2001

Cancer Number of Sigma SE(sigma)  P-valuet . Number of lives % of number of
type excess deaths (c)* might be extended excess deaths
Localised tumours

Colon 279 0.55 0.10  <0.0001 180 64.5
Rectum 321 0.27 0.10 0.005 82 25.4
Non-localised tumours

Colon 3722 0.09 0.04 0.014 251 6.8
Rectum 1888 0.04 0.07 0.548 59 3.1
Unknown stage tumours

Colon 564 0.27 0.09 0.002 128 22.7
Rectum 412 0.19 0.06 0.002 84 20.5

* g is the standard deviation of the gamma distribution of area-specific risks and indicates the size of the area variation for a given cancer
T P-value for test of area variation equal to 0.
1 Estimated from the model containing age, sex, length of follow-up and stratified by spread of disease at diagnosis.

Discussion

Relative excess risk of death following a diagnosis of colon cancer and rectal cancer in NSW
varied between Area Health Services by 20% and 17% respectively. Controlling for spread of
cancer at diagnosis had little impact on inter area variation in RERs for colon cancer (21%
after adjustment) but reduced it to 12% for rectal cancer, thus suggesting that variation in
extent of disease between areas contributed slightly to the variation in outcome for rectal

cancer.

The significant variation in RERs for colon cancer between areas after adjustment for spread
of disease suggests that differences in the application of treatments of known effectiveness
contribute to variation in outcome. While SES of the patient’s area of residence also
contributed to variation in RERs between areas, we did not adjust for its effects when
examining the effect of adjustment for stage of disease on variation in RERs because it is

probably a contributor to variation in treatment quality rather than a confounder of it.'"” In this
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regard, it is relevant to note the recent results of Lemmens and colleagues from the
Netherlands, which showed that use of adjuvant chemotherapy for stage III colon cancer was

less in people of lower SES, and in older people.“o

A recent report on patterns of care for colorectal cancer in NSW throws some light on the

111

possibility that treatment variation contributed to variation in outcome.  There is level I

evidence that post-operative adjuvant chemotherapy improves outcome of node positive colon
cancer."'? In NSW in 2000, 31% of colon cancer patients received post-operative
chemotherapy; 31% or more of patients received it in six of the eight Area Health Services in

which the RER was less than or equal to 1.0 but in only three of nine areas in which the RER

was greater than 1.0.""!

Variation in surgical experience may also have contributed to variation in outcomes for colon
cancer. A number of studies have found that outcomes for colorectal cancer patients is better

when patients are treated by surgeons with higher case volumes and specialist expertise.m'116

The capacity to adjust for the effect of spread of cancer on survival depends on the accuracy
of the data. Information on spread of cancer at diagnosis was obtained from hospital medical
record departments and radiotherapy notifiers and its quality may vary between areas. This
may reduce the capacity to adjust for its effect on area variation in survival. More accurate
data on spread of cancer at diagnosis would be highly desirable but are rarely available at the
population level. It is noteworthy, though, that when spread of disease at diagnosis was added

to the statistical models, the fit of the models improved dramatically.
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Our adjustment for cancer stage at diagnosis is by rather crude categorical measures and we
cannot adjust for possible stage migration within each of these stage categories, as might be
indicated, for example, by number of lymph nodes examined histopathologically if we had
these data.”! Thus, there may be residual effects due to differences in the extent of disease
within stage. Information about patients is limited on population-based cancer registries and
no treatment information is collected by the registry thus, the data themselves do not allow us
to point a direct link between the poor outcomes and differences in treatments. However, we

know from other data that some patients received suboptimal cancer theralpy.111

The estimated number of lives that might be extended beyond 5 years after diagnosis offers a
tool to health authorities to set priorities for treatment improvement. In this case non-localised
colon cancer is the area of potentially greatest gain from improved treatment, with an
estimated 251 lives over 5 years (50 a year) extendable by shifting the State average risk to
the 20" centile. Some of this gain could almost certainly be achieved by ensuring that
guidelines for adjuvant treatment of node positive colon cancer are fully implemented and

consistently followed in all Area Health Services.'"

This could require improved access to
medical oncology services in rural and remote areas of the State'® as well as improved uptake
of guidelines by treating practitioners. As radiotherapy centres are located in metropolitan
areas in NSW,'” patients living in rural and remote areas have relatively poorer access to the
standard of cancer treatment services available to their metropolitan counterparts.® For
localised colon cancer the estimated number of extendable lives over five years was also
comparatively high at 180. Surgery is the critical treatment modality for these cancers and it
may be here that low surgical caseloads in some areas may be contributing to poorer

113-116

outcome. This would, however, be a challenge to address. Surgical services are
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undersupplied outside major centres in rural and remote Australia and population density is

too low to be able to support any substantial degree of surgical sub—speciallisation.117

Studying variation in RERs of death within 5 years of diagnosis of cancer, with use of
Empirical Bayes methods to shrink RER estimates and adjustment for spread of cancer at
diagnosis, can help identify cancers for which better application of treatment guidelines might
improve outcome. Estimates of the numbers of lives that could be extended if the State
average risk was reduced to the 20™ centile of the distribution may assist in setting priorities

for treatment improvement.
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Chapter 5 Trends in survival from 1980 to 1996 in NSW Australia

About this chapter
This chapter contains the manuscript titled “Trends in survival and excess risk of death after a
diagnosis of cancer in 1980 to 1996 in New South Wales Australia. Int J Cancer 2006;

119:894-900.

The authors of this publication are Xue Qin Yu, Dianne O’Connell, Robert Gibberd, Alan

Coates and Bruce Armstrong.

Changes have been made according to the guidelines for theses at the University of Sydney;

therefore, this chapter differs from the published version.

A reprint version of this article is shown in an Appendix.

The tables and references have been renumbered to maintain consistency within the thesis.
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Abstract

Survival from almost all cancers has improved during the last 30 years. There is debate over
the reasons for the improvement. We examined trends in survival for 28 cancers from 1980 to
1996 in New South Wales (NSW) Australia, with adjustment for disease spread at diagnosis.
NSW Central Cancer Registry data were used to estimate 5-year relative survival and relative
excess risk of death for patients diagnosed in 1980-84, 1985-88, 1989-92 and 1993-96.
Statistical significance of variation in excess deaths between periods of diagnosis was
assessed using Poisson regression with adjustment for age, sex, duration of follow-up,
histology, and spread of disease at diagnosis. There were statistically significant falls in
excess deaths for 20 of the cancers with a 25% fall for all cancers combined. Cancers of the
prostate, liver, thyroid, breast, gallbladder, body of uterus, rectum, cervix and ovary had falls
of >30%. The falls varied by spread of disease; the largest being in localised and regionally
spread tumours. Overall survival, when unadjusted for spread of cancer, generally fell in
parallel with that in the specific categories of spread, which implies that stage migration did
not contribute importantly to survival trends. While acknowledging the limitations of
incomplete data on stage of cancer at diagnosis, we conclude that falls in excess deaths in
NSW from 1980 to 1996 are unlikely, for many cancers, to be due to earlier diagnosis or stage

migration; thus advances in cancer treatment have almost certainly contributed to them.
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Introduction

Survival from almost all cancers has improved, for some dramatically, during the last 30
years. Notable successes include childhood leukaemia, testicular cancer and Hodgkin’s
disease, in which survival improvement has been mainly due to the introduction of more
effective treatments.''® ' Between 1975-1979 and 1995-2000 in the USA, 5-year survival
from female breast cancer increased from 75% to 88% and that for colorectal cancer from
50% to 64% (men) and 52% to 63% (women): these improvements were attributed to both
earlier detection and more effective treatment of cancer.*’ There has been debate, however,
over the extent to which improved treatment has contributed to the trend in survival.”* By
extrapolating trends in cancer mortality in the USA, Bailar and Gornick argued that newer
cancer therapies have produced few real benefits and concluded that recent decreases in

cancer mortality were due mainly to falling incidence or earlier detection.”*

In this study we examined time trends in excess risk of death within 5 years of diagnosis in
1980 to 1996 in patients with one of 28 cancers in New South Wales (NSW) Australia using
data from a population-based cancer registry. To try to exclude impacts of earlier detection,
we examined the trends in excess risk of death with adjustment for a measure of disease
spread at diagnosis, along with histological type of cancer, age and sex. In doing so, we also
assessed possible effects of stage migration, a shift with time in the stage distribution of a
cancer towards apparently higher stage disease due to more complete identification of disease
spread. This shift produces an artificial increase in survival in each stage category because of
the removal of more advanced disease from earlier stage categories and its transfer as
relatively less advanced disease into later stage categories.74 Taking confounding trends in
stage and the possibility of stage migration into account allows an interpretation of trends in

excess risk of death in terms of changes in disease management.
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Material and Methods

Data

Data for patients diagnosed with any of the 28 major cancers during 1980-1996 were obtained
from the population-based NSW Central Cancer Registry. Notification of cancer has been a
statutory requirement for all NSW public and private hospitals, radiotherapy departments and
nursing homes since 1972, and for pathology departments since 1985."2! The Central Cancer
Registry generally has high standards of data completeness, quality and follow-up; the data
are accepted by the International Agency for Research on Cancer for publication in Cancer
Incidence in Five Continents.'** Individuals with the first occurrence of a primary cancer
between 15 and 89 years of age were included. Cases notified by death certificate only or first
identified at post-mortem were excluded from the analysis of survival, but included in the
calculation of age-sex standardised incidence rates. These cases were 1.8% of the total and
relatively constant over time, except for an increase to 3.3% in 1985-88 caused by lack of
Registry resources to investigate them. Data on the population and population mortality used
to calculate relative survival and age and sex standardised incidence rates were obtained from
the Australian Bureau of Statistics, which conducts Australia’s quinquennial population

census and collates national death data.

All cases diagnosed from 1980 to 1996 were followed to December 2001 to determine
survival status. Identifiers from each were compared with those of all records of deaths in the
State Register of Deaths and the National Death Index from their date of diagnosis to 31%
December 2001 to find a matching death record if present. This passive approach to follow-up
may fail to ascertain all deaths and may incorrectly link some incidence and death records. A

study investigating its completeness and accuracy found loss to follow-up to be uniform from
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1980 to 1993 and estimated the resulting overestimation of relative survival to be a maximum
of 2%.%° The end of follow-up was the date of death for those who died within five years of

diagnosis or five years after diagnosis for those who survived the first five years.

All information on primary cancer site and histology was coded according to the International
Classification of Diseases for Oncology, second edition (ICDO-2).'* Data on spread of
disease at diagnosis were provided by hospital medical record departments and radiotherapy
notifiers, and classified into four broad categories: localised, regional (including adjacent
organs and regional lymph nodes), distant and unknown to the Registry. This summary
classification of stage is used by a number of major cancer registries around the world
including registries in the Surveillance, Epidemiology, and End Results (SEER) program in
the USA. While not as detailed as the standard TNM staging system, it can be applied to most
cancers occurring in whole populations.124 Degree of spread was not applicable to staging for
Hodgkin’s disease, non-Hodgkin lymphoma, multiple myeloma, leukaemia and brain cancer
and no other staging data were available for them. Because of the importance of spread of
disease in our analysis and the possibility of stage migration, we tabulated changes in the
distribution of spread in 1980-1996 for the sites for which it was available, with regional and

distant spread combined as non-localised disease.

Statistical methods

Relative survival and relative excess risk of death

Cancer patients were followed for five years after diagnosis and relative survival was
estimated using the cohort method. Relative survival is the ratio of the observed proportion
surviving in a group of patients to the expected proportion that would have survived in a

comparable group of people from the general population.*”” Observed survival was estimated
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using the life table method.*® The expected survival from the general population was
calculated using all cause mortality for the NSW population by single year of age, sex and

calendar yealr.89

The excess risk of death after diagnosis of a cancer is the risk of death above what would have
been observed if the population death rates had applied to the cancer patients. To analyse
trends in excess risk of death, four time periods were defined: 1980-1984, 1985-1988, 1989-
1992 and 1993-1996. Grouping the dates of diagnosis in periods of a few years increases the
likelihood that cancer patients diagnosed within a period followed similar treatment protocols
and had similar access to screening. The period 1980-1984 preceded compulsory reporting of

cancer to the Cancer Registry by pathology laboratories, which was introduced in 1985.

Statistical modelling of excess risk of death

To determine the change in survival over time after adjustment for possible confounders, we
fitted a Poisson regression model for excess deaths from each type of cancer.'” The model
included time period of diagnosis, age group at diagnosis (15-44 years, 45-59 years, 60-74
years and 75-89 years), year of follow-up since diagnosis, sex (where applicable), histological
type (based on ICDO-2 and with the less common histological types grouped together), and
spread of disease at diagnosis (where applicable) as independent variables. We then fitted
another model adding the interaction of spread of cancer by period of diagnosis to the main
effects model for cancers to which spread of disease at diagnosis was applicable. Finally, we
compared the difference between the deviance from this model with that from the main effects
model to determine whether addition of the interaction produced a statistically significant

difference in model deviance (p<0.05) using the chi-square test. If the difference was
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statistically significant, we then carried out further analyses to examine the differences in

trends across categories of spread of cancer.

The modelling methods we used are described in detail by Dickman et al.'®*

Briefly, data
from individual records were aggregated to yield a count of deaths for each combination of
the variables included in the model and then a generalised linear model with a Poisson error
structure based on aggregated data using exact survival time (person-years) was fitted for each
cancer. This model quantifies the extent to which the excess risk of death in a given period
differs from the excess risk of death in the reference period (1980-1984) after controlling for
the factors included in the model. The relative excess risk of death (RER) in the period 1980-
1984 was set to a value of one (1). A RER of less than one in another period indicates that the
excess risk of death in that period was less than that in the reference period, and vice versa.
Ninety-five per cent confidence intervals for the RERs were calculated using the estimated
coefficients and standard errors from the Poisson models. The statistical significance of each
variable in the model was determined by the log-likelihood ratio test with a p-value of <0.01
taken to indicate statistical significance. All analyses were done using SAS version 8.2 and

the procedure GENMOD was used to fit the models and assess the effects of the variables on

excess risk.

Trends in incidence rates

To estimate trends in incidence, which we report to give context to the survival trends, we
calculated annual age-sex standardised incidence rates for the resident population in NSW for
1980 to 1996 for each of the 28 cancers. These rates were expressed per 100,000 of the
population and age and sex adjusted by the direct method to the Australian estimated

residential population of 2001. Trends in incidence were summarized by calculating the
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annual percent change in age-standardised incidence rates over the 17 years for each cancer.
The annual percent change was estimated by fitting a Poisson regression model to the natural
logarithm of the rates with calendar year as a continuous independent variable. The
assumption of a linear trend was reasonable for all cancers except for melanoma and prostate

cancer in which there have been sizeable short-term perturbations in the long-term trend."?!

Results

A total of 343,034 newly diagnosed cancers were included in this analysis with the
commonest cancers being breast (41,476), lung (39,769) and prostate (37,374) (Table 10).
Age-standardised incidence of most cancers increased during the period 1980-96. The largest
annual percent increases were for cancers of the prostate, liver and thyroid, and mesothelioma,
and the largest falls were for cancers of the stomach, cervix and bladder. The incidence of
prostate cancer showed a dramatic rise between 1990 and 1994 followed by a fall after
1994."2! The Registry’s report on cancer incidence in 2003'*' is available at

http://www.cancerinstitute.org.au/cancer_inst/statistics/pdfs/IncidenceMortalityReport2005.p

df.
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Table 10. Age and sex standardised incidence rates (per 100,000) and average
annual percent change, with the corresponding 95% confidence intervals (Cl),
for 28 cancers in NSW, Australia, 1980 - 1996

Number of Age-standardised  Average annual percent

Cancer type new cases incidence rates* change 1980-1996 95% Cl

Lip 3,562 45 252 0.86,4.21
Head and neck 12,553 141 0.00 -0.58,0.58
Oesophagus 4,167 5.2 1.20 0.53,1.88
Stomach 10,354 11.2 -2.66 -3.11,-2.21
Colon 32,414 40.3 0.56 0.19,0.92
Rectum 17,688 222 0.94 0.57,1.31
Liver 1,891 3.4 7.89 6.47,9.33
Gallbladder 2,709 3.3 0.30 -0.63,1.24
Pancreas 8,091 9.9 0.05 -0.42,0.52
Lung 39,769 452 -0.54 -0.77,-0.31
Melanoma 32,316 421 3.05 2.14,3.96
Mesothelioma 1,634 2.6 511 4.14,6.09
Connective tissue 2,088 2.3 -0.16 -1.25,0.94
Breast 41,476 113.9 272 2.30,3.13
Cervix 5,957 11.6 -1.63 -2.22,-1.04
Body of uterus 5,793 14.0 0.93 0.27,1.59
Ovary 5,375 12.1 -0.30 -0.87,0.27
Prostate 37,374 146.1 7.09 545,875
Testis 2,314 5.4 2.68 1.79,3.57
Bladder 12,139 12.5 -2.90 -3.63,-2.16
Kidney 9,053 12.1 279 2.25,3.33
Thyroid 3,438 5.1 492 3.86,5.99
Brain 5,404 6.4 1.08 0.62,1.55
Hodgkin's disease 1,856 1.9 -0.76 -1.50, -0.02
Non-Hodgkin lymphoma 12,688 17.4 3.04 2.68, 3.41
Multiple myeloma 4,229 55 1.09 0.37,1.81
Leukaemia 9,365 11.7 0.48 -0.04,1.00
Unspecified 17,337 20.1 -0.49 -1.03,0.06

*Age and sex adjusted to the Australian estimated residential population of 2001.

There were substantial changes in the distribution of the cancers by spread of disease at
diagnosis over the period of study (Table 11). The proportion with localised disease fell for all
but three cancer types — melanoma, breast cancer and testicular cancer — and the proportion
with unknown stage increased for all except these same three cancer types. The proportions
with regional and distant disease fell for 15 cancer types (including melanoma and breast

cancer) and increased for 8 types, the most substantial being in cancers of the colon, rectum
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and ovary (5 percentage points or more). The increase in the proportion of cancers of
unknown stage occurred mainly in 1993-96 and, to a much less extent in 1989-92 for 13 of the
20 cancer types in which an increase occurred. These increases were probably largely due to a
change from paper-based to electronic notification of cancer from some hospitals introduced
from 1992, which meant that some information on stage provided through manual notification
was no longer available to the Registry. In the remaining 7 cancer types, the increase was
more gradual across the whole period of observation, indicating that additional factors,
unknown to us, were influencing completeness of stage information reported to the Registry
for these cancers.

Table 11. Proportion of spread of disease at diagnosis by period of diagnosis
for 23 major cancers diagnosed in NSW, Australia 1980-1996*

Localised Non-localised Unknown

Cancer type

1980-84 1985-88 1989-92 1993-96 | 1980-84 1985-88 198992 1993-96 | 1980-84 1985-88 1989-92 1993-96
Lip 81.0 724 69.7 627 7.2 6.9 6.6 5.6 11.8 20.8 237 317
Head and neck 471 453 419 308 368 362 363 395 16.0 185 21.8 297
Oesophagus 348 420 385 274 | 423 360 357 379 229 220 258 347
Stomach 247 252 235 171 59.2 573 60.1 59.9 16.1 17.5 16.4  23.0
Colon 33.7 308 304 237| 555 575 609 63.8 10.8 11.7 8.7 12.4
Rectum 423 394 382 309| 479 495 519 528 9.8 11.2 9.9 16.2
Liver 49.6  39.1 377 236 | 327 235 225 18.7 177 373 39.7 578
Gallbladder 243 250 236 173 | 645 575 56.1 49.9 11.3 175 20.2 328
Pancreas 14.3 16.4 16.5 96| 685 56.1 56.0 52.6 172 275 275 378
Lung 232 303 264 170 | 49.8 447 446 468 | 270 250 29.0 36.2
Melanoma 829 873 882 89.0 9.6 7.5 8.1 6.8 7.5 5.2 3.7 4.2
Mesothelioma 28.8 427 359 19.6 | 49.2 186 217 216 | 220 38.7 424 588
Connective tissue| 53.8 55.6 482 343 27.0 21.8 18.9 16.0 19.2 225 329 497
Breast 473 479 493 510]| 376 378 378 335 15.1 14.3 12.9 15.4
Cervix 57.0 67.3 63.7 507 | 31.3 249 286 259 11.7 7.8 77 234
Body of uterus 679 694 657 615 17.2 178 20.8 21.3 14.9 12.8 13.5 17.2
Ovary 282 274 244 16.0 | 61.1 58.7 654 70.0 10.7 13.9 10.2 14.0
Prostate 59.0 525 51.1 406 | 21.8 214 16.6 10.0 19.3  26.1 323 494
Testis 59.1 655 666 605| 204 235 231 212 | 204 11.0 10.4 18.3
Bladder 778 717 659 472 11.6 11.6 15.3 15.4 10.6 16.7 188 374
Kidney 51.2 498 50.1 443 | 385 388 36.0 35.1 10.3 11.4 13.9 20.6
Thyroid 649 590 627 51.7| 254 286 243 249 9.7 12.4 13.1 23.4
Unspecified 0.7 1.4 1.2 08| 956 886 894 874 3.7 10.0 9.4 11.8

* Brain cancers, non-Hodgkin lymphoma, Hodgkin lymphoma, multiple myeloma and leukaemia are not included in this table
because classification of stage at diagnosis on the basis of spread of disease at diagnosis does not apply to them.
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The excess risk of death fell over time for most cancers except cancers of the connective
tissue and unspecified site, for which it rose significantly (p<0.0001), and cancer of the
bladder where the increase was not statistically significant (Table 12). For all cancers
together, the excess risk of death fell by a relative 25%. The most dramatic falls were in
cancers of the liver, prostate and thyroid, with the excess risk of death in the latest period
being less than 60% of that in the earliest period. Other notable falls were for cancers of the

oesophagus, rectum, gallbladder, breast, cervix, uterus, and ovary.

There were non-significant falls in excess risk of death from cancers of the lip and testis,
mesothelioma, Hodgkin’s disease and multiple myeloma. The confidence intervals about the
RERs of less than unity for cancers of the lip and testis diagnosed in 1993-96 were wide and
included the point estimate of 0.75 for RER of all cancers together. These were among the
least frequent of the cancers studied and were in the three least fatal; thus real downtrends in
excess risk of death for these cancers are possible but our data had limited statistical power to
detect them with any certainty. Hodgkin’s disease and multiple myeloma shared with non-
Hodgkin lymphoma a 14-15% reduction of excess risk of death between 1980-84 and 1993-

96, which was statistically significant for the latter.
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Table 12. Relative excess risk (RER) during the first 5-years after diagnosis,
with adjustment for age, sex, spread of cancer, years since diagnosis and
histological type for 28 cancers diagnosed in 1980-1996 and followed to 2001,
in NSW, Australia

5-yea*r RER' and 95% confidence interval
Cancer type o o) 798084 198588 1989-92 199396 P-value
Lip 93.1 100 087 (0521.47) 061 (0.36-1.04)  0.72 (0.43-1.19) 0.28%
Head and neck 55.6 100 093 (0.86-1.01)  0.87 (0.81-0.95)  0.78 (0.72-0.85)  <0.0001%
Oesophagus 15.4 100 085 (0.77-0.94)  0.75 (0.68-0.83)  0.70 (0.63-0.77)  <0.0001§
Stomach 23.8 100 093 (0.87-1.00)  0.88 (0.82-0.94)  0.82 (0.77-0.88)  <0.0001§
Colon 60.0 100  0.84 (0.80-0.89)  0.80 (0.76-0.85)  0.71 (0.68:0.75)  <0.0001§
Rectum 59.4 100  0.86 (0.80-0.92)  0.75 (0.70-0.81)  0.67 (0.62:0.71)  <0.0001§
Liver 11.4 100 071 (0.60-0.85) 073 (0.62:0.87)  0.55 (0.47-0.65)  <0.0001%
Gallbladder 19.5 100 083 (0.73-0.93) 078 (0.69-0.88)  0.61 (0.54-0.69)  <0.0001§
Pancreas 5.3 100 085 (0.79-091)  0.94 (0.88-1.01)  0.86 (0.80-092)  <0.0001§
Lung 12.5 100 094 (0.91-097)  0.90 (0.87-0.93)  0.82 (0.79-0.84)  <0.0001§
Melanoma 90.9 100 082 (0.73-093)  0.72 (0.64-0.81)  0.72 (0.64-0.81)  <0.0001%
Mesothelioma 4.9 100  0.88 (0.74-1.04)  0.87 (0.74-1.02)  0.92 (0.79-1.07) 0.35%
Connective tissue 63.0 100 1.08 (0.86-1.35) 1.1 (0.89-1.39)  1.05 (0.84-1.30)  <0.0001§
Breast 85.0 100  0.88 (0.82-0.94) 076 (0.71-0.81)  0.61 (0.57-0.65)  <0.0001§
Cervix 73.1 100  1.03 (0.91-1.18) 078 (0.68-0.89)  0.68 (0.59-0.78)  <0.0001%
Body of uterus 79.2 100 079 (0.66-0.94)  0.66 (0.550.79)  0.61 (0.51-0.72)  <0.0001%
Ovary 373 100  1.03 (0.93-1.14)  0.84 (0.76:092)  0.68 (0.62-0.75)  <0.0001§
Prostate 86.9 100 1.09 (1.01-1.19)  0.95 (0.87-1.03)  0.54 (0.49-059)  <0.0001§
Testis 95.5 100 072 (0.42-1.23) 051 (0.31-0.84)  0.63 (0.38-1.04) 0.05%
Bladder 62.5 100 1.06 (0.96-1.18)  1.08 (0.97-1.21)  1.13 (1.02-1.26) 0.14%
Kidney 57.4 100 0.86 (0.78:0.94)  0.85 (0.77-0.93)  0.73 (0.67-0.80)  <0.0001§
Thyroid 935 100 081 (0.57-1.14)  0.63 (0.44-0.89) 058 (0.42-0.81)  <0.0001%
Brain® 17.9 100 0.88 (0.80-0.96)  0.94 (0.86-1.02)  0.86 (0.79-0.94) 0.003%
Hodgkin's disease’ ~ 77.3 100 113 (0.86-1.48)  0.99 (0.74-1.33)  0.85 (0.63-1.15) 0.26%
NHL*! 53.6 100 094 (0.86-1.02)  0.92 (0.85-0.99)  0.86 (0.80-0.93) 0.002%
Multiple myeloma® ~ 31.9 100 095 (0.851.07)  0.91 (0.82-1.02)  0.86 (0.77-0.97) 0.07%
Leukaemia 38.2 100 084 (0.78-092)  0.74 (0.68-0.80)  0.82 (0.76-0.88)  <0.0001%
Unspecified 11.0 100  1.06 (1.01-1.11)  1.04 (0.99-1.09)  1.10 (1.05-1.15)  <0.0001§
All cancer 59.6 100 092 (0.91-0.94)  0.86 (0.850.88)  0.75 (0.74-0.76)  <0.0001§

* Five-year relative survival for the period 1993-1996.

T RER for the period of 1980-1984 as reference (set to 1.0). Each model included age group at diagnosis, sex, year since diagnosis, period of diagnosis, histological
type and spread of cancer.

1 P-value for the main effect of period for cancer types with non-significant interaction term for period by stage

§ P-value for the interaction of period by stage for cancer types with significant interaction term for period by stage.

1 Classification of stage by spread of cancer not applicable for these cancers.

** NHL stands for non-Hodgkin lymphoma.

The trend in excess risk of death was significantly heterogeneous among categories of spread
of disease for 13 of the 23 cancers for which disease stage was available. Some patterns are
shown in terms of trends in 5-year relative survival in Figure 2. For all cancers combined and

cancers of the colon, breast and prostate, the main trends in 5-year relative survival were
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increases in the localised, regional and unknown categories, with no improvement for distant

cancers. For cancer of the rectum, the 5-year relative survival increased in all categories

though much less so for cancers with distant spread. For ovarian cancer, the increase in

survival was evident in cancers that were localised, regional or distant but hardly at all in

unknown spread or all degrees of spread together (unadjusted for degree of spread); this

strongly suggests that stage migration caused the apparently increased survival in the

individual degree of spread categories (Figure 2).
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Figure 2. Trends in 5-year relative survival by spread of cancer for all cancers
combined, and cancers of the colon, rectum, breast, ovary and prostate, New

South Wales Australia 1980-96

78



There was also evidence of stage migration in the pattern of change in the degree of spread
with time for cancer of the ovary: the proportion of localised cancers fell, that of regionally
and distant spread cancers increased correspondingly and that of unknown spread cancers
changed little. Cancers of the colon, rectum, head and neck and body of uterus showed similar
patterns of change in degree of spread. For colon and rectal cancers, however, overall
survival, unadjusted for spread of disease, paralleled the trends in survival in the individual
spread of cancer categories, thus ruling out substantial stage migration (Figure 2). For cancers
of the head and neck and body of uterus, the uptrend in overall survival was modest relative to
that in individual categories of degree of spread (data not shown), thus suggesting some stage

migration.

Discussion

We found that excess risk of death after diagnosis for 20 of 28 categories of cancer type,
adjusted where possible for degree of spread of cancer (cancer stage) at diagnosis, fell
significantly between 1980 and 1996 in New South Wales. These results are consistent with
beneficial effects of newer cancer therapies on cancer survival but incomplete data on degree
of spread and its increase with time may limit the confidence with which this conclusion can

be drawn.

Our data are population-based and thus represent the experience of a general population of
people with cancer, not one that has been selected by referral to a particular hospital or expert
centre. We were able to take some account of trends in stage, which many population-based
studies cannot because stage data are not collected by the relevant cancer registry. Our
observations are also based on large numbers of patients and deaths and thus can give quite

precise estimates of trends for many different cancers.
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That our data on stage of cancer are incomplete and have become more incomplete with time
mean that we cannot rule out entirely the possibility that increased cancer screening or better
methods of diagnosis, leading to earlier diagnosis, have contributed to the favourable trends
we have observed.'> In addition to the impacts on cancer mortality that screening and
improved diagnosis might have had, both lead-time bias (advancing the date of diagnosis
without postponing the time of death) and length bias (detection of slower growing tumours
that would not otherwise have been diagnosed or have caused death) could have produced
apparent falls in excess risk of death.”™®" The measure we used to adjust for stage, spread of
disease at diagnosis, is a very powerful predictor of survival in our data’ but it was missing
for more than 10% of most cancer types; this high prevalence of missing data would reduce
our ability to control statistically for effects of trends in earlier diagnosis on trends in survival.
These issues notwithstanding, the lack, for most cancers, of an increase in the proportion of
cases with localised stage (Table 11) suggests that these factors were not generally important

contributors to apparently improved survival.

Stage migration could also have produced artefactual falls in observed excess risk of death.
As suggested above, this might explain the whole of the apparent improvement in stage-
adjusted survival for ovarian cancer and might have contributed to the falls in stage-adjusted
survival for cancers of the head and neck and body of uterus. It was probably not important

for other cancers.

There would, perhaps, be greatest concern with inadequate adjustment for stage at diagnosis

for cancers for which the proportion of early stage disease increased with time: melanoma,

breast cancer and testicular cancer. Introduction of mammographic screening for breast cancer
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in the 1980s should have reduced the excess risk of death from breast cancers diagnosed in
1980 to 1996.'% Its effects are probably evidenced in the increasing proportion of localised
disease and the somewhat greater downtrend in excess risk for breast cancers than for most
other cancers (Table 12). However, if screening was the main reason for the reduced excess
risk of death, survival improvement should have been most evident in the target age group for
screening, 50-69 years; whereas it was seen in all age groups (Figure 3). There is no formal
screening program for melanoma in Australia, self and professional skin examination is
strongly encouraged and there is evidence of its irnpalct.127 Here the problem of adequate stage
adjustment is even greater: as most melanomas are diagnosed when localised to the skin, a
measure of local stage, namely thickness of the melanoma, is a much better indicator of early
diagnosis than is clinical stage. We did not use it in this study. Thus we cannot infer benefits
from trends in melanoma treatment from our results. While testicular self-examination has
been promoted in Australia, the trend towards an increase in localised cancer was paralleled
by an increase in non-localised cancer (Table 11) and a fall in cancer of unknown stage. Thus
there is no certain trend to earlier diagnosis of testicular cancer and the reduction in excess
risk of death for this cancer probably reflects the known improvements in treatment in the
1970s and 80s,'"” with the lowest RER in 1989-92 (Table 12) consistent with achievement of

a minimum in testicular cancer mortality in NSW in this period.121
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Figure 3. Trends in 5-year relative survival by age at diagnosis for breast
cancer, New South Wales Australia 1980-96

Although there is no formal screening program for prostate cancer in Australia and any trend
towards earlier diagnosis of it has probably been masked by the great increase in proportion of
cancers of unknown stage, the near 50% apparent fall in excess risk of death from it has
probably been caused by the large increase in screening with prostate specific antigen (PSA)
testing in Australia in the 1990s, with the associated large increase in prostate cancer
incidence.'” The 5-year relative survival for localised prostate cancers increased from 82.7%
in 1989-1992 to 97.2% in 1993-1996 (Figure 2). Compared with the model without
adjustment for spread of cancer, adjustment increased the RER in 1993-96 from 0.38 to 0.54
(data not shown). Thus, while adjustment for spread of cancer removed more than 40% of the
reduction in excess risk for prostate cancer, the recently increased proportion of prostate
cancers (49.4%; Table 11) with missing spread of disease would probably have prevented full
control of the effects of the stage shift. The increasing proportion with unknown stage for
cancers of the liver and thyroid would similarly reduce our ability to control for stage; these

also showed substantial falls in excess risk over the period. The fall in excess risk for liver
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cancer may be due to its rapidly rising incidence due to chronic viral hepatitis in

. 121312
Australia'?"'%

and associated greater detection due to surveillance of infected patients.
Thyroid cancer is similarly increasing in incidence'*' and at least some of this is due to greater

detection, possibly of lesions with limited potential to advance.'

Our results are consistent with those of population-based studies of trends in cancer survival
from other countries in which the effects of trends in stage at diagnosis have been considered.
The most comprehensive analysis of this type was presented by Dickman et al using 560,000
cases in 37 categories of cancer type registered by the Finnish cancer registry, diagnosed in
1955 to 1994 and followed up to 1995.% Stage data were available in the same categories as
we have used and 22% of all cancers were of unknown stage. Time trends in relative survival
were presented only graphically and without adjustment for possible confounding variables.
Five-year relative survival from all cancers increased by about 20 percentage points from
1955-64 to 1985-94. Similar uptrends were observed in each category of stage, with the
absolute increase being greater in localised and, to a lesser extent, disease with regional
spread than disease with distant spread. This is similar to the pattern we observed (Figure 2).
A few population-based studies of cancer survival in other countries, limited to colorectal or
breast cancers, have taken account of trends in stage at diagnosis. All except one, of colorectal
cancer in Singapore, were done in European countries, and all found reductions in fatality or

increases in survival that were apparently independent of trends in stalge.57;59'62

How plausible is it that downtrends in excess risk of death that we have observed are due to
improvements in cancer management? There are good grounds for believing that such
improvements have occurred. Surgical techniques developed during the 1980s and the

introduction of adjuvant chemotherapy in the 1990s for colorectal cancer patients may have
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contributed to their apparently improved outcome."*! These modalities are now in common
use in NSW.""! The increased use of tamoxifen and adjuvant chemotherapies since the later
1980s should have contributed to the improved survival for breast cancer patients.m;m;13 3
These therapies too are in common use in Australia."**'** For prostate cancer, increased
survival could also be due to changes in treatment practice in the late 1980s and early 1990s
when hormonal therapy was introduced for patients with advanced disease and older

136;137

patients. More recently, increasing use of radical prostatectomy in early stage prostate

. 13
cancer may also have improved outcome.'*®

The approximate 15% fall in excess risk of death from each of Hodgkin’s disease, non-
Hodgkin lymphoma and multiple myeloma is compatible with 9 to 16% relative increases in
S-year survival from these cancers between 1980-84 and 1995-97 in data from the US SEER
registries.139 The relatively modest changes for these three related cancers are probably due to
the most important therapies that changed outcomes for these diseases having been already

well established in 1980."40-142

The small but significant uptrends in excess risk of death from cancers of the connective
tissue and unspecified sites might be explained by their falls in incidence over the period of
study (Table 10) due, perhaps, to increasing classification of better differentiated or less
widely spread cancers to more specific sites with more specific histopathological diagnosis or
more effective location of the probable site. The statistically non-significant uptrend in excess
risk for bladder cancer is probably mainly due to a fall in registration of non-invasive tumours
of the bladder after 1985 with availability of pathology reports and reduced reporting of

bladder papillomata as cancer.'®
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These considerations notwithstanding, there remains justifiable concern about the impact of
the increase in the proportion of unknown stage cancers on our adjustment for stage of cancer
and especially the possibility that the distribution of stages within this unknown stage group
may also have changed with time, a possibility we cannot rule out. There was, however, little
correlation (Pearson’s correlation coefficient of 0.10) between the size of the change in the
proportion of unknown stage between 1989-92 and 1993-96 and the effect of stage adjustment
on the RER in 1993-96, which suggests little such bias. Moreover, a comparison of Tables 11
and 12 shows that for all cancers for which there was little change in the proportion of
unknown stage cancer between 1980-84 and 1989-92 there was still an important reduction in
excess risk with an upper confidence limit for the RER of less than 1.0 in this interval. This
was so for cancers of the oesophagus, stomach, colon, rectum, lung, cervix, body of uterus
and kidney, for which we suspect no other sources of bias, as well as for melanoma, breast
cancer and thyroid cancer, for which we do. Thus for the former set of these, at least, the best

explanation for reduced fatality in the period of study is improvement in treatment.
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Chapter 6 Misclassification of colorectal cancer stage and area variation in

survival

About this chapter
This chapter contains the manuscript titled “Misclassification of colorectal cancer stage and

area variation in survival” accepted by Int J Cancer subject to minor revision.

The authors of this publication are Xue Qin Yu, Dianne O’Connell, Robert Gibberd, Michal

Abrahamowicz and Bruce Armstrong.

Changes have been made according to the guidelines for theses at the University of Sydney;

therefore, this chapter differs from the accepted version.

The tables and references have been renumbered to maintain consistency within the thesis.
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Abstract

We previously investigated the impact of health area of residence on colon and rectal cancer
survival by estimating area-specific relative excess risk of death (RER), stratified by stage at
diagnosis. The aims of this study were to quantify errors in colorectal cancer stage obtained
from an Australian population-based cancer registry and assess the potential impact of errors
in stage on these estimates. For a subset of cases, we compared the cancer registry stage with
that from a survey of treating surgeons. We then randomly reallocated all cases to a simulated
“corrected” stage according to the estimated misclassification probabilities and repeated the
analysis of area variation stratified by simulated stage 1,000 times. We found 70% agreement
between the Registry and Survey stage. This reallocation of the Registry cases by stage
resulted in substantial variation in area-specific RERs across the simulated samples. Area
variation in survival for localised colon and localised rectal cancer, which were previously
statistically significant when classified using Registry stage, appeared no longer to be so.
Misclassification of cancer registry stage can have an important impact on estimates of spatial
variation in stage-specific colon and rectal cancer survival. If population-based cancer registry
data are to be effectively used in evaluating and improving cancer care, the quality of stage

data may need to be improved.
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Introduction

Stage at diagnosis is the most important predictor of survival for patients with colorectal
cancer. Accurate staging is critical for appropriate treatment and meaningful evaluation of
treatment outcome. While the TNM system is the most commonly used system of tumour
staging for clinicians, population-based cancer registries, including the registries in the
Surveillance, Epidemiology, and End Results (SEER) program in the USA, use a summary
classification of stage, which categorises how far a cancer has spread from its site of origin.
This classification usually identifies four stages: in situ, localised, regional (including direct
extension and to regional lymph nodes), or distant spreald.144 It uses all information available

in the medical record.

There are few reports that assess the amount of error in the summary staging of cancer.
Summary staging of SEER data was said to be 98% accurate in cancers of known stage on the
basis of a personal communication."” However, stage was missing for 14% of cases.'*
Studies of the stage recorded by population-based cancer registries for specific cancer types
have usually compared the registry stage with more accurate staging information from other
sources such as medical records. Such studies report error rates of 12% to 35% for individual

stage categories in cancers of the prostate, lung and breast in the USA and Europe.z;l%'148

Data on spread of cancer from population-based cancer registries are widely used to adjust

survival rates when the objective is, for example, to assess the impact of cancer treatment on
21;25;106;149 . i

outcome. Errors in stage, however, may reduce the ability to control for effects of

earlier detection on survival rates and thus lead to incorrect inferences about the impacts of

treatment. While inaccurately measured or recorded stage may affect stage-specific survival
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estimates and leave residual confounding by stage in stage-adjusted estimates, the magnitude

and impact of staging error in this context has been rarely quantified.

In this study, we quantified errors in baseline staging of incident cases of colorectal cancer by
comparing data on spread of cancer from an Australian population-based cancer registry with
that collected directly from treating doctors. Next, we assessed the potential impact of such
misclassification on stage-specific estimates of area variation in colon and rectal cancer
survival. To this end, we reallocated a fraction of all cases to different stages, based on the
distribution of the Registry stage across categories of Survey stage. We then investigated to
what extent the area-specific and overall area variation estimates might be affected by such

stage reallocation.

Patients and Methods

Study population

The study population included all patients diagnosed with colon and rectal cancer (ICD-O-2
site codes C18-C21) in 1992-2000 in the State of New South Wales (NSW), Australia, and
reported to the NSW Central Cancer Registry, the only population-based cancer registry in
Australia that collects cancer stage at diagnosis. Eligible subjects were cases with a single
primary invasive tumour and aged 15-89 years. Cases known to the Registry through death
certificate only or first identified at post-mortem were excluded. There were 27,961 cases
included in the main study with 150 (0.5%) death certificate only cases excluded from the
analysis. To focus on more recent survival, those who were diagnosed in 1992-95 and died
before 1996 were also excluded.'"*'*” All eligible cases were followed up to 31 December

2001 to determine survival status.
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Registry stage

Cancer stage at diagnosis is obtained by the Registry from statutory notification forms and
pathology reports. It is classified using a modified summary classification, similar to that used
by SEER, of localised (confined to tissue or organ of origin), locally advanced (spread to
adjacent organs or tissues), regional (spread to regional lymph nodes), distant (distant
metastases) or unknown stage (no information available).'** Coding was done either by
medical coders in the hospitals that notified the Registry, or by medical coders in the Registry,
who generally assigned stage based on pathology reports in addition to the hospital

notifications.

Survey stage

For a subset of the study population, we were able to compare stage data from the NSW
Colorectal Cancer Care Survey.''' The Survey covered all colorectal cancer cases reported to
the Registry between 1 February 2000 and 31 January 2001 in NSW. Stage for the Survey
was obtained from the surgeons, who completed a questionnaire that sought information on
the local extent of the cancer, the involvement of lymph nodes and the presence of distant
spread. The vast majority of the patients (97%) had surgery with the rest (3%) having

chemotherapy or radiotherapy.

Because the Registry stage and ID number had not been recorded in the Survey database,
cases in the Survey dataset were matched probabilistically to the Registry records of
colorectal cancer by use of the Integrity software package150 with names, sex and date of birth
as the matching variables. Such techniques usually provide a 95-99% accuracy rate for true

matches.'”' A de-identified linked dataset, which included the Registry stage for each case,
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was provided to the authors for analysis. The Cancer Council NSW Ethics Committee

approved the project.

Statistical methods

Assessing agreement between the Registry and survey-based stages

The stage information obtained from the Survey was mapped to the stage categories used by
the Registry. The Registry stage data were then compared with those obtained from the
Survey, which were considered to be more accurate. Among cases with known stages,
agreement between the Registry and Survey stage was measured by calculating the Kappa
coefficient, which quantifies the extent of agreement, beyond that expected purely by chance,
between alternative classifications.'* Kappa values of 0.4-0.6 are generally considered to
show moderate to good agreement and those of 0.6-0.8 show very good agreement.152 To
identify subgroups for which the Registry data might be less accurate, multiple logistic
regression was used to estimate the odds ratios for stage misclassification as the binary
outcome. The variables included in the model were age group at diagnosis, sex, area of

residence, and cancer type (colon or rectum).

Estimation of area variation

The main analyses focused on the impact of stage misclassification on the area variation in
survival between the then 17 health areas in NSW, which we have previously published
without consideration of stage misclassification.'* Because we expected that the frequency of
misclassification would be different for different stages and the treatments of colon and rectal
cancer depend heavily on disease stage at diagnosis, we performed all analyses separately for
each of the three stages: localised, non-localised, and unknown stage. To assess area variation,

we used the same approach as our original study,'* with detailed methods described
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106
elsewhere.

Briefly, the analyses involved four major steps. First, we calculated relative
survival for each area stratified by age group at diagnosis, sex, years since diagnosis, and
cancer stage at diagnosis in three categories: localised, non-localised and unknown. Relative
survival was estimated as the ratio of the observed proportion surviving in a given stratum to
the expected proportion that would have survived in a group of people of the same age and
sex, who experienced the overall mortality rates in the general population of the
corresponding area.” Second, we estimated the relative excess risk due to cancer (RER) in
each area using a Poisson regression model for excess risk of death and adjusted for age

group, sex, and years of follow—up.lo4

In the Poisson model, the dependent variable was the
number of excess deaths (calculated as the observed number of deaths minus the expected
number of deaths based on the population death rates) among cancer patients in a given
stratum corresponding to a particular combination of the variables included in the model.
Then, we estimated the stage-specific coefficient of area variation (o) in area-specific RERs,
assuming they follow a Gamma distribution."*® The null hypothesis of no area variation (6=0)
was tested by the z-statistic calculated as the ratio of o to its standard error.'%'*’ Finally, in
order to avoid numerically unstable estimates, especially in areas with small populations, we
used the empirical Bayes approach to shrink the area-specific RERs toward the State average
risk. This amount of shrinkage is approximately inversely proportional to the number of cases

106;153;154

in a given area and the variance of the estimates is based on the estimated ¢

coefficient.

To show how important area variation in survival may be, we estimated the number of lives
that might be extended if the NSW average excess risk of death due to each of the three stage
categories (localised, non-localised and unknown) was shifted to the 20" centile of the

empirical Gamma distribution,***!%’
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Assessing the impact of stage misclassification

To assess the potential impact of error in the Registry stage on our previous estimates of area
variation in stage-specific RERs, we attempted to quantify the uncertainty due to inaccurate
staging. To this end, we repeated the original analyses of area variation'*’ but used
“corrected” stages based on the Survey results. Because we could not determine a “corrected”
stage for individual subjects, we simulated a plausible stage for each person. The “simulated”
stage was randomly generated from the multinomial conditional distribution of the
“corrected” stages corresponding to the “observed” Registry stage. These simulated stages
were categorised into 5 groups as originally in the Registry, separately for colon cancer and
rectal cancer. Next, to avoid unstable estimates for some areas due to a very low number of
cases for a given stage, all subjects allocated to one of the three advanced stage categories

were grouped together as “non-localised” cancer.

While we could expect what proportion of cases assigned a given Registry stage was
incorrectly classified, we did not know which individual cases should be reallocated.
Therefore, we repeated a random reallocation of the Registry-based stages 1,000 times based
on the estimated stage-specific misclassification probabilities for NSW as a whole. Each of
the resulting 1,000 samples of the original data was then analysed using the methods
described in the previous section. This yielded the distributions of 1,000 estimates of the RER
for each area, the coefficients of area variation (o), the corresponding p-values, and the
numbers of lives extended. These distributions were then analysed to assess the uncertainty
due to stage misclassification in the estimates of area variation and lives that might be

extended.
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To assess to what extent the variation across 17,000 RERs (17 areas x 1,000 simulations) was
attributable to systematic differences between areas rather than to random variation across
simulations within area, we estimated the intraclass correlation coefficient (ICC) from a two-
way ANOVA model using a method described by Morton and Dobson.'> In this context, the
ICC is a measure of the proportion of variance in RERs accounted for by area and its
complement, 1 — ICC, is an estimate of the proportion of variance accounted for by random
reclassifications of cancer stages within area.'”® The SAS procedure GLM was used with
RERs as the dependent variable and simulation number and area as independent fixed-effects.

All analyses were done using SAS version 8.2.

Results

Of 3,094 patients aged 15-94 years diagnosed between 1 February 2000 and 31 January 2001
in NSW, with a surgical questionnaire in the Survey, 2,855 (92%) were matched with single
primary colorectal cancer patients in the Registry dataset. The remaining 8% were multiple
primary cases (181), cases with a postcode outside of NSW (24), cases with non-invasive

tumour (20), and unmatched cases (14).

For 2,650 cases with known Registry and Survey stage, the Registry stage agreed with the
Survey stage in 1,842 patients (69.5%) (Table 13). Kappa was 0.57 with 95% confidence
interval (CI) 0.55-0.60, showing “good” overall agreement. However, agreement varied
considerably by stage. In those classified as localised by the Registry, 26% were locally
advanced according to the Survey. For those classified as locally advanced by the Registry,
the extent of upstaging and downstaging was similar (12.3% vs. 13.4%). Among those
classified as regional stage by the Registry, as many as 73% were distant stage according to

the Survey. The highest agreement (90.4%) between the Registry and Survey stage was for
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distant disease. In the Registry 10.9% of colon cancers and 13.9% of rectal cancers were of
unknown stage. The majority (77%) of these with unknown stage were of localised or
regional stage in the Survey, leaving only 2.5% of colon cancers and 4.5% of rectal cancers
with unknown stage in the Survey (data not shown).

Table 13. Agreement of disease stage at diagnosis (%) between the Registry

database and Survey database in 2,650 patients with known stage in both,
colorectal cancer NSW 2000

Stage according Stage according to Survey Total
g)eglas?f; ' Localised a dI:/(;flilég Regional Distant n (%)t
Localised 65.3 26.0 1.1 7.6 973 (36.7)
Locally advanced 13.4 74.3 0.5 11.8 627 (23.7)
Regional 1.9 2.8 22.5 72.8 325 (12.3)
Distant 1.4 3.1 5.1 90.4 775 (29.2)
Total 716 27.0%) 737 (27.8%) 124 (4.7%) 1073 (40.5%) 2650 (100.0)

*The Cancer Registry stage was unknown for 155 patients and the Survey stage for 73; 32% of the latter were also
among the former.
T Percentages in the body of the table are row percentages

Multiple logistic regression analysis showed that age at diagnosis was the only important
predictor for misclassification of stage. The highest agreement (80%, Kappa = 0.66) was in
the youngest patients (15-59 years) and the lowest (75%, Kappa = 0.56) in the oldest (75-94
years) (p=0.04). Colon cancer stage was marginally more likely to be misclassified than rectal
cancer stage (p=0.05). There was little variation in misclassification by area of residence at

diagnosis or sex (data not shown).

The expected stage distributions based on the simulations showed a substantial reduction in

the proportion of cases with unknown stage. Moreover, the re-assignment of both unknown

and many “localised” stage cases to “regional” together resulted in a sizeable increase in the
proportion with non-localised stage, while for localised colon cancer there was a small

reduction. (Table 14)
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Table 14. Comparison of the registry stage distribution and the expected stage
distribution from simulations for colon and rectal cancers

Registry stage Expected stage distributions (%) from
distributions simulations*

(%) Localised  Non-localised Unknown

Colon cancer
Registry Localised 28.2 58.2 38.8 3.0
stage Non-localised 60.9 5.2 94.1 0.7
classification  Unknown 10.9 41.9 46.5 11.6
All 100 24.1 73.3 2.5

Rectal cancer
Registry Localised 35.7 70.6 26.4 2.9
stage Non-localised 50.5 7.5 90.7 1.8
classification  Unknown 13.8 46.5 34.9 18.6
All 100 354 60.1 4.5

* Average proportion of each simulated stage based on 1000 samples

The distributions of area variation and proportion of lives that might be extended obtained
from simulations of individual stage (based on the observed association between Registry and
Survey stage) are shown separately for colon and rectal cancers and for each of the three main
stage groups (including unknown) in Table 15. Only for non-localised colon cancers were the
values at the lower end of the distribution of the 1,000 area variation coefficients (o)
appreciably above zero; the same was correspondingly true for the simulated estimates of
lives that might be extended. For this category too, 90% of the p-values for the test of the null
hypothesis of no area variation (¢ = 0) were <0.05, which is consistent with the p-value of
0.014 that we obtained based on the original Registry stage.'* Further the ICC of 0.89 for
non-localised cancers suggests that 89% of the variance in the simulated coefficients could be

attributed to systematic differences between areas (Table 15).
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Table 15. Comparison of area variation in survival and number of lives that might be extended beyond 5 years after diagnosis by the
Registry and simulated stage and distributions of estimated coefficients across 1,000 samples with simulated cancer stages

Previous results'® based on the % of p-  Quantiles of number of lives that might be 1cC
Cancer type Registry stage Area variation (c) quantiles values extended for 17
and stage No. of lives 25%  25%  50%  15% 97.5%  <0.05 25%  25%  50%  15% 97.5%
c p-value RERs
extended for H
Colon
Localised 0.55 <0.0001 180 0.0005 0.11 0.16 0.20 0.27 46% 0 53 78 101 149 0.39
Non-localised | 0.09 0.014 251 0.06 0.07 0.08 0.09 0.10 90% 180 232 260 294 356 0.89
Unknown 0.27 0.002 128 0.0002 0.08 0.25 0.38 0.59 34% 0 7 23 33 56 0.10
Rectum
Localised 0.27 0.005 82 0.02 0.13 0.16 0.20 0.27 53% 10 60 80 100 137 0.55
Non-localised | 0.04 0.55 59 0.0006 0.03 0.05 0.06 0.08 2% 1 53 83 108 161 0.61
Unknown 0.19 0.002 84 0.0002 0.09 024  0.33 0.52 30% 0 9 23 33 50 0.14
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For localised colon cancer and for non-localised rectal cancer, the distributions of the
simulated values of the coefficient of area variation ranged down to near zero and were
statistically significant in fewer than 50% of simulated samples, and the estimates of extended

lives were substantially less than previously.'*

(Table 15) Similarly for localised rectal
cancer, while the 2.5% quantile, at 0.02, was further from zero, only 53% of the p-values were
<0.05, suggesting there is less likely to be significant area variation in RER after correction
for error in staging. We previously reported highly statistically significant variation between-
areas in RER for localised colon and rectal cancers using original Registry stage.'*” For both,
the median coefficient of area variation from the simulations is substantially lower than the
coefficient estimated using Registry stage: 0.16 vs 0.55 for colon and 0.16 vs 0.27 for rectum
(Table 15 compared with Yu et a1149). The difference between the median of the simulated

values and original coefficients for non-localised cancers were much less: 0.08 vs 0.09 for

colon and 0.05 vs 0.04 for rectum.

The comparative robustness of our estimate of variation between areas for non-localised colon
cancer is further illustrated in Figure 4, which shows the distribution of the 1,000 simulated
area-specific RER estimates for each of the 17 areas in NSW. The boxes, corresponding to the
interquartile range (IQR), are tight, reflecting the fact that in each simulated sample most
(94%) of these cancers were not reclassified (Table 14). Moreover, many IQRs and some of
the full ranges of the area-specific estimates do not overlap one or more of the others,

suggesting that there is meaningful variation between areas in the RERs.
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Figure 4. Distribution of relative excess risks by area for non-localised colon

cancers from 1,000 simulated samples: The mean is indicated by the sign (+); bars (from
bottom to top) indicate the minimum, 1% quartile, median, 3" quartile and maximum values.

Discussion

We found 70% overall agreement between stage of colorectal cancer at diagnosis recorded by
the Registry and that recorded in a survey of treating practitioners. The Registry stage was
biased towards over-reporting of localised disease and spread to regional lymph nodes and
under-reporting of spread to adjacent tissues (locally advanced) and distant metastases. This
suggests that errors in the Registry stage may have had an important impact on our stage-
specific estimates of area variation and therefore the validity of their interpretation in terms of

treatment-related differences in outcome.

Ideally, our assessment of the impact of error in Registry stage on estimates of area variation

in stage specific RER for colon and rectal cancer would have used stage data from treating

surgeons for the whole study population. Rather, using limited data comparing Registry stage
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with the stage assigned by surgeons, we had to rely on simulation to estimate a “corrected”
stage for each individual case. Because we had no way of knowing which cases were truly
misclassified by the Registry stage, none of these simulated stages can be considered really
“correct”. Accordingly, we could not determine the ‘correct’ amount of area variation; but the
simulations allowed us to assess the impact of the uncertainty regarding true staging of
individual cases on the robustness of our estimates and conclusions. With 6%
misclassification for non-localised colon cancers (Table 14), the simulation process for the
correction of this error induced relatively little uncertainty (ICC=0.89) (Table 15). As the
misclassification increased, the simulation process added more uncertainty to the estimates of
area variation, with an ICC of 0.61 for non-localised rectal cancers to one of only 0.10 for
unknown colon cancers (Table 15). Only 12% of unknown stage colon cancers in the Registry

were truly unknown according to the surgeon’s records (Table 14).

Area variation in RER for non-localised colon cancer remained significant after we assessed
the possible impact of misclassification of stage on it. This supports our previous conclusion,

based on results obtained by using Registry stage,'*’

that variation in the application of known
effective treatments may be the cause. On the other hand, area variation in RER for localised
colon cancer and for localised rectal cancer, which appeared statistically significant when
Registry stage was used,'* now appears less likely to be significant when the impact of

misclassification of stage is considered. Thus we are less certain in concluding that variation

in treatment between areas caused area variation in survival for these localised cancers.
That both the Survey and Registry datasets were population-based is a strength of our

analysis. Thus the results have the potential to reflect the experience of the whole of

colorectal cancer in everyday practice in NSW. Our analysis is limited, though, by the
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assumption that stage was perfectly measured in the Survey, which we cannot validate. We
believe, however, that the Survey stage information should be reasonably accurate, as data on
stage from clinical records are generally considered to be the best available.*!”’ Moreover,
stage of colorectal cancer is heavily dependent on the surgical and pathological findings and
97% of the patients in the Survey had surgery. We also assumed that the stage-specific error
rates in the Registry stage were similar in the Survey period (2000) and the eight years before
(1992-1999). While this seems a plausible assumption, we have no data by which it could be

validated.

Our findings on the accuracy of cancer registry stage data are generally similar to those
obtained in several other studies of population-based cancer registries.” ***%1%8 L jy et al
found that 23% of the patients with prostate cancer were staged incorrectly in a US cancer
registry when compared with clinical records,'*” Jensen et al reported 87% agreement for
local and regional stage but only 65% for distant stage in a Danish study of breast cancer.'*’
All these studies recommended that the quality of staging from cancer registries should be

. 2:146-148;158
improved.

Poor recording of stage information in pathology reports and clinical records and coding
errors in hospital medical records departments or by Registry personnel are some of the
causes for error in cancer stage as recorded by cancer registries.z;146'148;158 Additionally, in this
study, the Registry procedure of determining stage within the first four months after
diagnosis, when information may still be incomplete, might have contributed to the systematic
under-estimation of the extent of the cancer. The time frame for SEER summary staging is

either completion of surgery as the first course of treatment or four months after diagnosis,
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whichever is longer.'** The NSW Registry uses the “four months” criterion because it does

not collect treatment information.

A number of steps could be taken to improve the quality of staging information collected by
cancer registries. Routine collection of additional information on diagnostic procedures
performed to define stage, such as lymph nodes examined pathologically or imaging for
distant metastasis, might be considered because such information is usually very important for
determining stage.”"*>'* More rigorous quality assurance might also be introduced to ensure
complete recording of stage, and the information contributing to its assignment, in hospital
medical records. Coding errors could be reduced with more rigorous quality assurance in

medical records departments and Registry staging.

The practical relevance of this study stems from the fact that an increasing number of studies
use stage information from population-based cancer registries, including
EUROCARE,'"!821:3 SEER 19191 and other Australian studies.'®!0%19%:14%162 The hossible
impact of error in stage on conclusions regarding cancer outcome, however, has rarely been
considered. One small, cancer registry based study of inoperable lung cancers treated with
radiotherapy compared the cancer registry stage with stage extracted from clinical records and
observed little difference in stage-specific median survival between the two stage
classifications.'*® Our study appears to be unique, though, in having both quantified the errors
in cancer registry stage data and examined their potential impact on the results of a more
complex outcome analysis. Additional studies will be required before we can fully understand
the impact of errors in cancer stage on inferences about variation in stage specific and, more

particularly, stage-adjusted cancer survival.
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Chapter 7 Discussion and conclusions

About this chapter

This chapter provides a summary of the main findings from this thesis and a discussion of the
strengths and limitations. I broadly discuss the usefulness of survival analysis of cancer
registry data and raise some potential directions for future research. This chapter is intended
to bring all the findings from the previous chapters together and to discuss what the thesis as a
whole contributes to new knowledge about the usefulness of survival analysis based on cancer

registry data.

Summary of findings

The cancer registry data in Australia are currently underutilised in measuring the performance
of cancer care, compared to EUROCARE registries and SEER registries in the USA. This
thesis highlighted their usefulness in evaluating and potentially monitoring the improvement
in the quality of cancer care. Despite the limitations of the data and the difficulties in the
interpretation of comparative survival, I have demonstrated in the four papers that creative,
informed use of such data, with appropriate statistical methods and awareness of its

limitations, can be a valuable tool for evaluating and improving cancer care.

As described in Chapter 3, my analysis of geographical variation in survival had three steps.
First, I applied an overall test to estimate the probability that there is real variation across
geographical areas. Secondly, I extended the standard methods by using an empirical Bayes
approach to shrink the area-specific estimates towards the global mean to reduce numerically

unstable individual estimates. Thirdly, I proposed a measure of the importance of area
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variation in contrast to statistical significance by estimating how many additional cancer
patients could have survived beyond 5 years after diagnosis, if mean survival was moved to
the 20™ centile. We can use this method to identify cancer sites for which targeted
interventions have the greatest potential to improve outcome and help decision makers in

determining causes of geographical variation in survival.

In Chapter 4, I applied these methods to colon and rectal cancers, with an in-depth analysis of
area variation in survival. In this study, significant variation was found for both colon
(p=0.006) and rectal cancer (p=0.049) after adjusting for demographic factors. The statistical
significance of the variation remained for colon cancer (p=0.004) but was reduced for rectal
cancer (p=0.16) after adjusting for stage at diagnosis, suggesting that variation in stage
between areas contributed importantly to the variation in outcome for rectal cancer. I
interpreted significant residual variation in colon cancer as indicative of differences in the
application of effective treatments between areas. This significant area variation in survival
also had important public health implications; with reasonable efforts to reduce it, an

additional 784 patients could have survived beyond 5 years after diagnosis.

In Chapter 5, I examined time trends in survival from 1980 to 1996 by taking confounding
trends in stage and possible stage migration into account. The results showed that excess
mortality from many cancers dropped significantly (p<0.01) over this period with a 25%
reduction for all cancers combined. The falls varied by stage at diagnosis and the largest were
in localised and regionally spread tumours. With the exception of cancers of the prostate, liver
and thyroid, for which a substantial proportion of staging information was missing in the most

recent periods, the observed improvements in survival for many cancers were probably
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attributable to newer cancer therapies introduced in NSW since 1980. This has been reported

elsewhere in the literature.

In Chapter 6, I found that there was 70% agreement between the Registry stage and staging
information collected from treating surgeons for colorectal cancer patients diagnosed from
February 2000 to January 2001 in NSW. After accounting for this error in the Registry stage
by using simulation, I found that area variation in survival for localised colon and localised
rectal cancer, which were previously statistically significant when classified using Registry
stage, appeared no longer to be so. This result indicates that inaccurate stage recorded in the
Registry could bias estimates of stage-specific area variation. Hence, if cancer registry data
are to be used effectively in evaluating cancer care, the quality of the stage data should be
improved. This finding sounds a cautionary note to researchers who use such data. However,
it is not certain to what extent the impact of staging error that I observed will be applicable in

other similar circumstances.

Strengths and limitations

My data were population-based, having large numbers of cases with a long period of follow-
up; they represent a wide range of individual cancer types from cancers with excellent
prognosis (lip, testis and thyroid) and moderate prognosis (colon and rectum, bladder and
NHL) to cancers with extremely poor survival (pancreas and mesothelioma). The results
provide a complete picture of how cancer patients are managed in our day-to-day practice,

and reflect the practical effectiveness of treatments in a well-defined population.

My methods of analyses have several strengths. First, my measure of geographical variation

in survival took into account several biases. I applied an empirical Bayes approach to adjust
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for sampling errors and used adjustment for stage to account for lead-time bias. More
importantly, I had a measure of the importance of geographical variation, which could be used
to identify cancer sites for which targeted interventions have the greatest potential to improve
outcome and help decision makers determine the causes of area variation in survival.
Secondly, my measure of temporal trends in survival take into account lead-time bias and
length bias by use of adjustment for stage over time, which many cancer registries cannot do
because stage data are not routinely collected. To deal with the impact of stage migration on
trends in survival, I interpreted survival trends carefully in relation to incidence trends and
changes in distribution of stage over time. Thirdly, the study in Chapter 6 is unique having
both quantified the errors in cancer registry stage and examined the potential impact on stage-

specific estimates of area variation in survival.

However, there are some limitations in both the data and the methods used in this thesis.
Population-based cancer registries collect data primarily to estimate cancer incidence rates.
They often do not collect treatment information and lack detailed information on comorbidity.
Thus the data do not allow us to confidently conclude that the differences in outcome were
due to differences in treatment, although we had evidence for such variation from elsewhere.
Information on cancer stage is often not collected and when collected may be incomplete and
inaccurate. Misclassification in stage could lead to incorrect inferences about the impacts of
treatment, as we found in Chapter 6. More accurate data on stage would be highly desirable

but are rarely available at the population level.

My approach to shrink individual area estimates towards the global mean may over-shrink the

estimates from remote areas with small populations, especially when studying rare cancers.

This might mask significant geographical variation in survival but would only have minimal
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impact on the measure of the importance of this variation. The survival measure may not be
sensitive enough to determine improvements for cancers with extremely poor survival such as
liver and pancreas from one period to another, thus quality of life and quality of palliative

care may be better indicators of improvements of outcome for them.

Future research directions

To maximize the usefulness of cancer registry data in measuring quality of cancer control, a
number of steps should be taken, including: improving the quality of key clinical information
collected, such as stage at diagnosis, tumour size and histology, together with the possible
collection of additional information for determining stage; application of geographic
information systems to accurately locate patient’s residential address to a smaller unit, such as
census collection district; linkage with hospital records and medical services data to track
information on treatment including surgery, chemotherapy and radiotherapy. With such
enhancements, population-based cancer registries could become a valuable component of data

systems for assessing the quality of cancer care.

More accurate data on stage at diagnosis with additional information on the thoroughness of
diagnostic procedures and tumour size would improve the interpretation of both temporal and
geographical variation in survival by analysing the impact of stage at diagnosis, tumour size

and lymph nodes examined on survival.

Geographic information systems can be used to identify geographical clusters where patients

have very poor outcomes, or an excess proportion of them are diagnosed at a later stage. For

breast cancer, for example, this could be mapped along with the location of mammography
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sites and other diagnostic and therapy centres. It also helps in understanding the relationships

between cancer survival and other sociodemographic factors.

Linked data would help overcome many of the limitations associated with studies relying on
registry data alone by combining information on clinical characteristics of the cancer at
diagnosis and patient’s sociodemographic factors. Registry data are a good tool for
ascertaining all incident cases in a defined geographical area with detailed information about
the timing of diagnosis, histology and whether the cancer is the first cancer. Hospital records
provide more detailed information on disease stage at diagnosis, comorbidity and treatment,
such as surgery, chemotherapy or radiotherapy. Health insurance claims data may
complement the hospital records by identifying which key services, such as surgery,
chemotherapy or radiotherapy were used in the outpatient department or out of hospital
settings, as well as to identify additional incident cases. Linking the registry data with hospital
records and claims data would allow us to quantify the proportion of patients that are
managed according to best practice guidelines by geographical areas or socioeconomic status;
to identify inappropriate or poor-quality care, which needs to be improved; to evaluate various
patient outcomes including survival following diagnosis and treatment of cancer, which
would enable us to investigate how variation in treatment is correlated with differences in

outcomes.

However, data quality is highly dependent on the co-operation between hospitals and cancer
registries, and cancer registries can only obtain data that are recorded on the medical record or
on the notification form and pathology reports. Therefore, more stringent quality control must
be implemented to reduce incomplete recording of key clinical information in hospital

medical records. While improving the data, which may take years, more rigorous analysis of

108



existing registry data using appropriate statistical methods and evaluating its limitations, can
contribute greatly to the quality of health-related research on cancer care and to the

appropriateness of the conclusions drawn from such studies.

Conclusions

This thesis shows that population-based cancer registry data are useful in evaluating and
potentially monitoring improvements in cancer control efforts. I found significant
geographical variation in survival from several cancers in NSW. Although the reasons for the
variation are not entirely clear, an important contributing factor could be the differences in the
quality of care. The results from Chapters 3 and 4 indicate that there may be opportunities to
improve the outcome of cancer care for some cancers, especially the common cancers with
large geographical variation and large numbers of lives that may be extended if this variation
was reduced. If these findings can be used to stimulate evaluation and improvement of the
quality of cancer care, the value of the investment in cancer registries should be greatly

enhanced.

As shown in Chapter 5, data from population-based cancer registries can be a useful tool for
monitoring and evaluating the effectiveness of cancer treatments over time. Although some
uncertainties remain because more staging information was missing for the most recent period
for certain cancers, the best explanation for the improved survival over time is advances in
cancer treatments for many of the cancers studied. The quality of data on stage also has a
significant impact on estimates of spatial variation in stage-specific colorectal cancer survival,
as shown in Chapter 6. Results from Chapters 5 and 6 suggest that, if cancer registry data are
to be used effectively in monitoring and evaluating cancer care, the quality of data on stage

should be improved. On the basis of these results and evidence from elsewhere, I recommend
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that the quality of data on stage from population-based cancer registries should be improved
(increasing the accuracy of known stages and reducing the proportion of unknown stage).
Furthermore, consideration should be given to collecting further information on the diagnostic
procedures performed to define stage, such as number of lymph nodes examined
pathologically and/or imaging used to detect distant metastasis, as these are the most

important determinants of many cancer stages.
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Abstract

Objective: To improve estimation of regional variation in cancer survival and identify cancers to which priority
might be given to increase survival.

Methods: Survival measures were calculated for 25 major cancer types diagnosed in each of 17 health service
regions in New South Wales, Australia, from 1991 to 1998. Region-specific risks of excess death due to cancer were
estimated adjusting for age, sex, and extent of disease at, and years since, diagnosis. Empirical Bayes (EB) methods
were used to shrink the estimates. The additional numbers of patients who would survive beyond five years were
estimated by shifting the State average risk to the 20th centile.

Results: Statistically significant regional variation in the shrunken estimates of risk of excess death was found for
nine of the 25 cancer types. The lives of 2903 people (6.4%) out of the 45,047 whose deaths within 5 years were
attributable to cancer could be extended with the highest number being for lung cancer (791).

Conclusions: The EB approach gives more precise estimates of region-specific risk of excess death and is preferable
to standard methods for identifying cancer sites where gains in survival might be made. The estimated number of
lives that could be extended can assist health authorities in prioritising investigation of and attention to causes of

regional variation in survival.

Introduction

Survival is an indicator of the quality of cancer patient
management. An analysis of cancer survival across
regions can identify possible differences in the perfor-
mance of regional health services with regard to cancer
care. Identifying cancer types for which there is the
greatest potential for increasing survival so that they can
be targeted for action is a key element of such an analysis.

Place of residence is an important determinant of
survival from cancer [1-4]. Regional variation in cancer
survival may be due to a number of factors, including
access to primary health care, the availability of
diagnostic and treatment facilities and the treatment

* Address correspondence to: Xue Q. Yu, Cancer Epidemiology
Research Unit, The Cancer Council New South Wales, P. O. Box 572,
Kings Cross, NSW 1340, Australia; Ph.: +61-2-93341851; Fax: +61-
2-93341778; E-mail: xueqiny@nswcc.org.au

actually given. It may also be an artefact. While earlier
diagnosis due to screening or improved diagnostic
methods may truly increase survival, it may also just
add lead time or extend average survival through
diagnosis of cancers that would not otherwise have
been diagnosed within the patients lifetimes [5, 6].
Sampling error may also produce spurious or spuriously
large variation, particularly when the regions compared
have small populations.

The standard approaches usually estimate regional
variation by testing the hypothesis that all regional
effects are identical, comparing extreme regions to the
average, ranking the regions and focussing on the poor
performers. The estimates from such approaches lack
precision because of large sampling error. Consequently,
use of these estimates may introduce errors in decision
making for health service planning. Comparisons of
survival among regions by producing a ‘league table’ is
not very useful for decisions about where resources
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might best be targeted to improve survival because it
focuses on the regional differences rather than the
cancers for which the greatest gains might be made [7].

There is, therefore, a need to develop more meaning-
ful and useful measures of regional variation in survival.
Empirical Bayes (EB) methods can be used to estimate a
prior distribution for region-specific risks of excess
death and to ‘shrink’ the distribution of the observed
estimates, bringing each estimate closer to the global
mean, roughly in inverse proportion to the sample size
on which it is based. Shrinkage estimators have become
popular and can be interpreted in many ways: they
minimise the mean square error of the parameter
estimates across all the regions [8]; take account of the
regression to the mean for individual regions [9]; and
take account of the variation in sample size [10]. The
Bayesian approach also provides a posterior distribution
for the parameters for each region, whose expectation is
the shrunken estimator [11].

This study aimed to explore the use of EB methods
to produce more precise and robust estimators for
regional variation in cancer survival. Estimates of the
number of excess deaths due to cancer and lives that
might be extended were also obtained to identify
cancer types for which targeted action to increase
survival has the greatest potential to improve outcome.

Materials and methods
Data

Data were obtained from the population-based New
South Wales (NSW) Central Cancer Registry, Australia,
for 25 major types of cancer diagnosed between 1991
and 1998. Notification of cancer is a statutory require-
ment in NSW. Data on the general population
mortality rates needed to calculate relative survival
ratios were obtained from the Australian Bureau of
Statistics.

The first occurrence of a primary cancer for an
individual was included in the survival analysis. Cases
notified by death certificate only or identified at
post-mortem, cases with place of residence information
not available, or age at diagnosis greater than 89 years,
were excluded from the analysis.

There are 17 Area Health Services in NSW; nine cover
the major urban regions and contain populations
ranging from 270,000 to 750,000 and eight cover the
rural regions with populations ranging from 50,000 to
250,000. Assignment of cases to Health Service regions
for the purpose of analysis was based on their place of
residence at the time of diagnosis of their cancer.
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All cases were followed up to December 2000 to
determine survival status. People with cancer who were
not known to be dead were matched against death records
from the State Registrar of Births, Deaths and Marriages
and the National Death Index. A modification of the
period method described by Brenner et al. [12] was used to
compute five-year relative survival based on cancers
diagnosed in the period 1991-1998 and deaths in the
period 1994-2000. Patients diagnosed in 1994 and 1995
had been followed-up for the full five years, while the
more recently diagnosed cases (1996-1998) had not. To
supplement the experience of those diagnosed in 1994—
1998, the survival experience in 1996-1998 of patients
diagnosed in 1991-1993 was included in the analysis.
Thus the fifth year of survival experience from patients
diagnosed in 1991 was included in the analysis, together
with the fourth and fifth years from patients diagnosed in
1992 and the third, fourth and fifth years from those
diagnosed in 1993. The end of follow-up was the date of
death for those who died within five years of diagnosis and
before the end of 2000; those who had not died by the end
of 2000 and had not been followed up for 5 years were
censored.

Statistical methods

Relative survival

Relative survival is the ratio of the observed proportion
surviving in a group of patients to the expected
proportion that would have survived in a comparable
group of people (with, for example, the same distribu-
tion by age, sex, and geographical area) from the general
population [13].

The survival time was measured from the month of
diagnosis to the date of death or censoring and was
grouped into annual intervals for this analysis. Observed
survival was estimated by the life table method [14].
Expected survival was estimated using the Ederer and
Heise method [15], which is also a life table method. The
region-specific population life tables for the period
1994-1998 were used for these analyses. All-cause
mortality data and the NSW population by single year
of age, sex and region of residence, were used to
construct the region-specific life tables.

In our analyses, cumulative relative survival was
calculated as the ratio of the cumulative observed
survival proportion to the cumulative expected survival
proportion as described in the SURV2 computer pro-
gram manual [16].

Relative excess risk (RER) of death
If cause of death was accurately known for all patients it
would be possible to directly estimate the cancer-specific
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fatality rates in each region and compare these estimates
to the estimates for NSW as a whole by calculating rate
ratios. However, cause of death is not reliably reported
for all cancer patients and even with access to medical
records it is difficult to classify each patient’s death into
one of the two categories ‘entirely due to cancer’ or
‘entirely unrelated to cancer’. A preferable approach is
to estimate the cumulative death rate due to all causes in
the cancer patients and subtract from it an estimate of
the death rate in a similar population without a
diagnosis of cancer and thus gain an estimate of the
‘excess cumulative death rate’ or ‘excess risk of death’.
The major advantages of this measure (and its survival
analogy, relative survival) are that information on cause
of death is not required and it provides a measure of the
excess death rate experienced by patients diagnosed with
cancer, irrespective of whether the excess is directly or
indirectly attributable to the cancer. Thus we estimated
the excess risk of death for each cancer type in each
region and then compared it with an estimate of the
excess risk of death for the same cancer in the State as a
whole to produce an estimate of the RER of death for
that cancer in each region [17].

Statistical modelling

To adjust for differences between the health service
regions in variables other than treatment that might
affect the survival of cancer patients, a Poisson regres-
sion model of excess risk of death during the first five
years was constructed for each type of cancer and
included age group, years since diagnosis, sex (where
applicable), and spread of disease at diagnosis (where
applicable) as main effects and the interaction between
age group and years since diagnosis where possible. For
most cancer sites, age was divided into four groups: 15—
44, 45-59, 60-74 and 75-89 years; these age groups were
modified for cancer of the testis. Spread of disease at
diagnosis was classified into four broad categories:
localised, regional (including adjacent organs and
regional lymph nodes), distant and unknown. The
interaction term was included to allow for non-propor-
tional hazards across the five years of follow-up; it was,
however, removed from the model for testis cancer to
achieve convergence. For cancers of the lung, breast and
prostate, an additional interaction term between spread
of disease and years since diagnosis was added to the
model to improve the goodness-of-fit. Nine models fitted
the data well with very large p-values for the goodness-
of-fit statistic, another six were reasonable fits with
p-values ranging from 0.06 to 0.33, and three had
p-values just less than 0.05. The remaining seven models
did not fit the data well; the p-values for the goodness-
of-fit statistic were very low.
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EB approach

To estimate the systematic regional variation in survival
for each cancer type, we fitted a model for the RER using
the SAS procedure NLIN. To stabilise the estimates of
region-specific risk we applied an EB method to get
shrunken estimators for each region. We assumed that the
region-specific excess risks followed a Gamma distribu-
tion, with mean u, and variance ¢>. The shrunken
estimators combined region-specific risk with the results
from all other regions as in the following formula:

Shrunken estimator(0) = (Obs + i*/a?) /(Exp + /a?)

where Obs and Exp are the observed and expected
numbers of excess deaths, u is the average excess risk for
all regions (global mean) and ¢ is its standard deviation
for a given cancer site. The local estimates (Obs/Exp) are
shrunken towards the global mean (set as 1.0). The
amount of shrinkage varies according to the value of o>
and the value of Obs and Exp for each region. If the
region has a large population then this approach will
move the local estimates very little, whereas if the region
is small then this approach will move the local estimate
considerably closer to the global mean. If the variance
(6?) is large, the shrunken estimator will remain similar
to the local estimate.

Hypothesis test

The hypothesis test of no regional variation (i.e., ¢ =0)
was tested for each cancer type by comparing the
statistic calculated as the ratio of ¢ and its standard
error (z=o/se(o)) with the standard normal distribu-
tion. A p-value of 0.05 or less from the hypothesis test
was taken to indicate statistically significant regional
variation in the RER for the given cancer.

Lives that would be extended

To show the importance of regional variation in survival
and identify the cancer sites in which improvement in
care would result in large gains in survival, we estimated
the number of lives that would be extended beyond 5
years after diagnosis in people with each cancer type if
the State average risk of excess death was shifted to the
20th centile of the distribution of region-specific risks of
excess death. The number of lives that might be
extended beyond 5 years was then estimated using the
following formula:

Number of lives that might be extended
= Obs x (1 - :u20lh%) X O-/SD(:“shrunken)

where e, 1s the 20th centile of the empirical
distribution and SD(figprunken) 1S the standard deviation
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Table 1. Regional variation in 5-year relative survival (%), crude and shrunken RER of death and test for regional variation in 1994-2000 for 25

cancers in NSW Australia

Cancer type Number of State-wide Range of regional Range of variation in RER® of death p-Value®

new cases S-year relative variation in

survival relative survival Crude Shrunken

Head and neck 5553 55.2 32.6-60.7 0.89-1.63 1.00-1.00° 1.00
Oesophagus 1652 16.3 9.2-27.4 0.66-1.99 0.94-1.07 0.31
Stomach 3588 25.3 12-32.2 0.83-1.32 0.92-1.04 0.08
Colon 15280 60.4 51.5-66.5 0.88-1.36 0.89-1.19 <0.001
Rectum 8768 60.2 49.7-64.4 0.87-1.50 0.98-1.01 0.69
Liver 1051 12.6 4.0-36.3 0.62-1.75 0.79-1.33 0.009
Gallbladder 1064 18.8 7.0-27.6 0.46-1.55 0.95-1.03 0.41
Pancreas 2795 5.4 2.4-11.0 0.87-1.36 0.92-1.07 0.12
Lung 13992 13.2 8.9-16.5 0.90-1.16 0.91-1.09 0.03
Melanoma of the skin 18574 91.0 86.8-92.9 0.87-1.60 0.92-1.35 <0.001
Mesothelioma® 785 15.1 8.7-23.4 0.80-1.33 0.97-1.06 0.45
Breast (female) 24316 84.9 79.6-88.3 0.79-1.45 0.83-1.12 <0.001
Cervix 2419 72.6 40.9-78.8 0.62-1.89 0.90-1.08 0.25
Body of uterus 3019 79.8 74.2-86.2 0.70-1.38 0.86-1.12 0.13
Ovary 2278 39.5 20.9-57.6 0.63-1.76 0.82-1.22 0.006
Prostate 25713 85.2 76.0-88.6 0.82-1.63 0.85-1.43 <0.001
Testis 1411 95.6 84.3-102.0 0.00-3.93 1.00-1.00° 1.00
Bladder 4753 62.0 52.1-69.5 0.82-1.38 0.91-1.07 0.12
Kidney 4740 58.4 48.6-69.5 0.75-1.30 1.00-1.00° 1.00
Brain 2376 18.4 12.0-26.4 0.64-1.34 0.94-1.05 0.23
Thyroid 2400 94.0 76.2-107.1 0.00-3.26 0.61-1.46 0.08
Non-Hodgkin lymphoma 6677 54.3 45.2-68.0 0.68—-1.31 0.92-1.07 0.15
Hodgkin’s disease 908 78.0 45.8-93.7 0.21-2.43 1.00-1.00° 1.00
Multiple myeloma 2035 34.8 18.6-51.5 0.40-1.57 0.87-1.20 0.02
Leukaemia 4420 36.5 27.5-68.1 0.50-1.35 0.87-1.17 0.01

% The state average excess risk is the reference.
® p-Value for test for regional variation.
¢ Very little regional variation was observed following shrinkage.

4 Only 2-year relative survival was calculated due to small numbers.

of the distribution of the shrunken estimators. In this
way, we could provide an estimate of the importance of
the regional variation in survival for each cancer.

Results

The commonest cancers during the study period were
cancers of the prostate (25,713), female breast (24,316)
and melanoma of the skin (18,574) (Table 1). Of the 25
chosen types of cancer, mesothelioma was the least
common (785). These 25 types accounted for 92.5% of
all cancers in the study period.

Regional variation in the five-year relative survival
ratios and crude and shrunken RERs of death after a
diagnosis of cancer for the 25 types of cancer are
summarised in Table 1. The impact of the EB method
on the variation in RER of death is readily seen in this
table, and the inverse association, generally, between the
number of people with each cancer type and the amount
of shrinkage. For example, for cancer of the testis, a

relatively uncommon cancer (1411 cases), the RERs
ranged from 0.00 to 3.9 while the shrunken estimates
showed little variation. Statistically significant variation
in RER was found for nine of the 25 cancer types
analysed — cancers of the colon, liver, lung, female
breast, ovary, prostate, and melanoma of the skin,
multiple myeloma and leukaemia.

A comparison of the un-shrunken and shrunken
regional estimates of RER of death for liver cancer is
shown in Figure 1. The shrunken estimates have nar-
rower confidence intervals than the crude estimates and
regions with wide 95% confidence intervals and extreme
values have been shrunk more.

The estimated number and percent of lives that might
be extended for the 25 cancers are shown in Table 2. The
number of lives that might be extended depends on both
the regional variation in survival (o) and the number of
excess deaths from the given cancer. The highest number
of lives that might be extended (791) was in patients
diagnosed with lung cancer although the regional vari-
ation was modest for this cancer. The estimated pro-
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Fig. 1. RER of death in 1994-2000 for patients with a diagnosis of liver cancer by health service region in NSW Australia before and after

shrinkage.

Table 2. Number of lives that might be extended beyond 5 years of diagnosis and percent of excess cancer deaths in 1994-2000 for 25 cancers in

NSW, Australia

Cancer type Number of Sigma (o) Number of lives % of total excess
excess deaths that might be extended deaths from this cancer
Lung 10732 0.07 791 7.4
Colon 4305 0.10 296 6.9
Leukaemia 1953 0.11 249 12.8
Prostate 2565 0.18 228 8.9
Non-Hodgkin lymphoma 2235 0.07 159 7.1
Pancreas 2440 0.07 152 6.2
Ovary 1074 0.15 119 11.1
Liver 808 0.20 119 14.7
Breast (female) 2467 0.10 110 4.4
Melanoma of the skin 1096 0.18 101 9.2
Multiple myeloma 1002 0.13 97 9.6
Oesophagus 1189 0.07 92 7.8
Stomach 2205 0.06 82 3.7
Rectum 2472 0.03 66 2.7
Bladder 1283 0.07 52 4.0
Brain 1514 0.06 44 2.9
Thyroid 100 0.42 39 38.6
Mesothelioma* 612 0.07 36 5.8
Cervix 444 0.10 34 7.6
Gallbladder 757 0.06 22 2.9
Body of uterus 406 0.13 14 3.5
Head and neck 1799 0.0005 1 0.1
Kidney 1412 0.0007 1 0.1
Hodgkin’s disease 135 0.002 0 0.2
Testis 41 0.0002 0 0.0
All cancers 45,047 0.07 2903 6.4

& Number of lives that might be extended beyond 2 years of diagnosis and % of excess deaths.
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portion of lives that might be extended beyond five years
out of the total excess deaths for an individual cancer in
the five years after diagnosis (lives lost within five years)
was largest for thyroid cancer (39 lives that might be
extended being 38.6% of the excess deaths).

Discussion

We found statistically significant variation in the
shrunken estimates of RER of death across 17 health
service regions in NSW for nine of 25 cancer types —
cancers of the colon, liver, lung, female breast, ovary,
prostate, and melanoma of the skin, multiple myeloma
and leukaemia. All of these cancer types, except mela-
noma and multiple myeloma, were also in the ‘top nine’
for numbers of lives that might be extended; the two
exceptions were in positions 10 and 11.

We interpret these findings as indicating that the
variation among regions in the excess risks of death
from the nine cancers in which it was statistically
significant is probably real and, therefore, that the
outcomes of these cancers could be improved through
attention to the causes of regional variation. In addition,
because spread of disease at diagnosis was included in
the statistical models from which excess risks of death
were estimated, the variation in outcome we have
described points to a need for improvement in cancer
treatment services rather than in the earliness of
diagnosis of these cancers. When spread of disease was
omitted from the models (results not shown) there was
significant regional variation for stomach cancer in
addition to the same nine cancers. This suggests that
variation in earliness of diagnosis may be an important
contributor to variation in stomach cancer survival. We
note also that our use of ‘statistical significance’
(p <0.05) to identify potentially meaningful findings to
some extent arbitrary. It does, though, acknowledge the
reality that ‘chance’ contributes to variation in survival
between regions and should be taken into account when
deciding where action to improve survival might be
targeted.

Further, priority in improving cancer services should
be given to those of the nine types of cancer identified as
having statistically significant variation with the highest
estimates of lives that might be extended, all other things
being equal. In this respect, lung cancer stands out with
791 lives that might be extended, followed by cancer of
the colon, leukaemia and cancer of the prostate with
296, 249 and 228 lives that might be extended respec-
tively. In addition, however, knowledge of what inter-
ventions would be effective in improving cancer services,
their feasibility and cost effectiveness and the equity of
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their effects would also have to be taken into account
when determining priorities [18].

It could be argued that having identified significant
variation and a large number of lives that might be
extended, the regions with the highest shrunken RERs
of death should be the focus of attention. For
example, for cancer of the liver, for which RER of
death showed statistically significant variation among
regions and was ranked eighth in number of lives that
might be extended attention might be turned to the
regions with the highest shrunken RERs of death:
Central Coast, Hunter and Mid North Coast regions,
which are contiguous coastal regions immediately to
the north of Sydney (Figure 1). However, if their
RERs of death from liver cancer had been 1.0 (i.e.,
the same as in NSW as a whole) only 25 lives would
have been extended beyond five years in the study
period; whereas, if the State mean could be shifted to
0.89, which is the 20th centile of the empirical
distribution across regions, this number would have
been 119. Thus a whole-of-State rather than an
individual region approach to improving services
would probably be more effective. Examining the
variation in the shrunken estimates of RER between
regions and the reasons underlying it though, may still
assist in identifying which whole-of-State approaches
might achieve the greatest gains.

While use of the 20th centile to determine the
potential gains that would occur if this risk could be
achieved as the State average is arbitrary, the 20th
centile has been used since it is a value that is more likely
to be achievable [10, 19, 20] than say the 5th centile [1].

There are some limitations in our data and the
analysis methods used. The data on spread of cancer at
diagnosis were provided by hospital medical records
departments and may not be accurate, although they are
generally very highly predictive of survival [21]. In
addition no data on stage were available for cancers like
leukaemia, lymphomas and multiple myeloma for which
the classification of spread of disecase is of little
relevance. Inaccuracy in the data on spread of cancer
at diagnosis would reduce the capacity to remove from
the regional variation in RERs of death that variation
due to regional differences in screening for, and early
diagnosis of, cancer. Thus the inference that any
variation observed was due mainly to variation in
cancer treatment may not be correct. More accurate
data on stage at diagnosis of cancer would be highly
desirable for analyses such as these but are rarely
available at the whole population level. It is noteworthy
that when spread of disease at diagnosis was omitted
from the statistical models, the results regarding
regional variation in survival were very similar.
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The shrinkage of the region-specific excess risks to
the State average risk, especially for remote regions
with small populations may be excessive since the
aggregation of widely different regions in the State
average may make its distribution an implausible prior
distribution for some regions. The models used in
these analyses assume that the regions have RER
ratios that are exchangeable: that is, a priori, the RER
for a region could be high or low. It can be argued
that the regions do differ and their ratios are not
exchangeable. However, in the absence of any regional
covariates that could be included in the model, there is
no alternative but to assume they are exchangeable.
Given this assumption, the results for all regions are
used to improve the estimate for each individual
region.

There is some independent evidence of remediable
variation in quality of care in NSW for some of the
cancers we have pinpointed above. Specifically, an
Australian national survey of patterns of care for
colorectal cancer in 2000, in which patients in NSW
made up 30% of patients whose care was surveyed,
found that the patients’ care including the type of
operation performed varied significantly according to
the patients’ place of residence and many patients
were not treated in accord with the recommended
guidelines [22]. Further in a study linking cancer
registry records of women diagnosed with ovarian
cancer in NSW in 1993-1996 to hospital separation
records, women experienced a higher risk of death if
they were first admitted to a public hospital other
than a public principal referral hospital rather than to
a principal referral hospital or a private hospital or if
they were treated in that admission by a practitioner
other than a gynaecologist, surgeon or oncologist
rather than by one of these more appropriately
specialised practitioners (Tracey and Armstrong, per-
sonal communication). These results suggest that the
outcome of care for ovarian cancer in NSW could be
improved by consistently ensuring early referral to a
relevantly specialised practitioner or major referral
centre, as recommended in published guidelines [23].

While regional variation in cancer survival has been
reported from many other countries, such as the USA
[2, 24], Canada [4], England [25], Finland [26],
Scotland [3, 27], Italy [28] and Denmark [29], and
place of residence has been found to be an important
determinant of survival for a number of different
cancer types, including breast [2-4], lung [25, 29],
colon, rectum, uterus and prostate [2], we know of no
previous analysis that has been specifically oriented
towards identifying the cancers incident within a
particular region for which improvements in cancer
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care should be given priority because of the probable
existence and size of the gains in survival that could
be made. Dickman et al. [1] and Gibberd er al. [10]
have elucidated the principles on which our analysis is
based and we have taken their work further forward
by extending the EB gamma-Poisson model to anal-
ysing variation in regional relative survival ratios and
by including the stage of the cancer at diagnosis to
control for that source of potential variation. We plan
to use a more complete description of the results of
this work as the basis for targeted improvement of
cancer services in NSW.
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Abstract

In this study, we have investigated the impact of area of residence on survival from colon and rectal cancer. Relative survival and
relative excess risk of death from cancer were calculated for each of 17 health arcas in New South Wales, Australia. There were
statistically significant differences in survival across areas for both cancers after adjusting for demographic factors. The variation
remained for colon cancer but was reduced for rectal cancer after adjustment for spread of disease at diagnosis. This persistent var-
iation in colon cancer survival suggests that variation in treatment contributes to it, and there is separate evidence for such variation.
Of the 7186 patients whose deaths within five years were attributable to colorectal cancer, 784 could have had their survival
increased to more than five years if the excess risk of death in all areas was reduced to the 20th centile of its distribution. Estimates
such as this can assist in prioritising improvements in cancer services.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Over the last two decades, important improvements
in survival for colorectal cancer have been observed.
These improvements may be attributable to earlier diag-
nosis, improved treatment or both. New and improved
surgical techniques and adjuvant therapy developed in
the early 1990s have probably played an important role
[1,2]. However, these developments may not have been
applied universally in clinical practice and this may be
reflected in geographical variation in colorectal cancer
outcomes.

Geographic variation in survival from colorectal can-
cer has been reported in many countries [3—5]. Survival
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from colorectal cancer was found to vary markedly be-
tween European countries and between states of the
USA [3,4]. Variation in survival from colorectal cancer
across districts in southern England was found to persist
after adjusting survival rates for stage of disease, hospi-
tal size and surgery type [5]. A number of factors make it
difficult to interpret this observed geographical varia-
tion. It is well established that the prognosis of colorec-
tal cancer is strongly associated with spread of disease at
diagnosis and treatment. But it is not easy to disentangle
the effect of treatment from that of early diagnosis un-
less stage of disease at diagnosis can be controlled in
the analysis. This has rarely been done in population-
based studies of cancer outcome [6].

This study aimed to investigate the influence of place
of residence at diagnosis of colorectal cancer on sur-
vival, while adjusting for demographic and clinical fac-
tors such as age, sex, length of follow-up and spread
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of disease at diagnosis (a measure of stage) by using data
from an Australian population-based cancer registry.

2. Patients and methods
2.1. Study population

Data were provided by the New South Wales (NSW)
Central Cancer Registry, a population-based cancer reg-
istry which covers the whole state of NSW, Australia
with a population of approximately 6.6 million. Notifi-
cation of cancer has been a statutory requirement for
all NSW public and private hospitals, radiotherapy
departments and nursing homes since 1972, and for
pathology departments since 1985 [7]. Only first occur-
rences of primary colorectal cancer in people between
15 and 89 years of age at diagnosis were included. Cases
notified by death certificate only or first identified at
post-mortem were excluded from analyses. All patients
diagnosed during 1992-2000 were followed for survival
up to 31 December 2001.

Spread of cancer at diagnosis is obtained by the Reg-
istry from statutory notification forms and from pathol-
ogy reports and classified as localised (confined to tissue
or organ of origin), locally advanced (spread to adjacent
organs or tissues), regional (spread to regional lymph
nodes), distant (distant metastases) or unknown stage
(no information available). Coding was done either by
medical coders in the hospitals who notified the registry,
or by medical coders in the registry who used pathology,
in-patient and additional reports to determine stage.
During the period of this study, the State of NSW was
divided into 17 geographically defined Area Health Ser-
vices; nine covered the major urban areas with larger
populations ranging from 270000 to 750000 and eight
were rural areas with populations ranging from 50000
to 250000. The assignment of cancer patients to an Area
Health Service was based on their place of residence at
the time of diagnosis.

An indicator of socio-economic status (SES) was also
used in the analysis. It is a summary measure of educa-
tional and occupational levels of communities derived
from the 1996 population Census [8]. An area with a
high score on this index would have high concentrations
of people with higher education and people employed in
the higher skilled occupations and vice versa. The index
values for each Local Government Area (LGA) in NSW
were grouped into quintiles. The residential address re-
corded at the time of diagnosis was used to allocate each
case to an LGA and to its corresponding SES quintile.

2.2. Data analysis

Variation in stage distribution between areas was as-
sessed for colon and rectal cancers separately.
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As information on cause of death may not be accu-
rate in the Registry data, we computed relative survival
to correct for mortality from competing causes of death.
Five-year relative survival was estimated for each Area
Health Service using a modified period analysis. The
period method has been described in detail elsewhere
and is based on calendar year of survival rather than
year of diagnosis (cohort method) [9,10]. It focuses on
a recent time interval (1996-2001) in which each pa-
tient’s survival experience is observed and excludes
short-term survival of patients diagnosed before the
start of the interval (diagnosed 1992-1995 and dying be-
fore 1996) but includes their long-term survival within
the period. Short-term survival of more recently diag-
nosed patients (those diagnosed between 1996 and
2000) was included. The survival time was measured
from the month of diagnosis to the date of death or cen-
soring and was grouped into annual intervals. Observed
and expected survival was estimated using standard life
table methods [11,12]. All-cause mortality data obtained
from the Australian Bureau of Statistics and the NSW
population by single year of age, sex and area of resi-
dence were used to construct the life tables for each Area
Health Service.

A Poisson regression model [13] was used to examine
variation in survival due to place of residence at diagno-
sis after adjustment for other potential determinants of
survival. For this purpose, age at diagnosis was divided
into four groups: 15-44 years, 45-59 years, 60-74 years
and 75-89 years. Spread of disease at diagnosis was clas-
sified into five categories: localised, locally advanced, re-
gional, distant and unknown stage. Other variables
included in the model were patients’ sex and length of
follow-up.

Data from individual records were aggregated to
yield one observation for each category of the variables
included in the model, and then a generalised linear
model with a Poisson error structure based on grouped
data using exact survival time was fitted for colon and
rectal cancers separately. The relative excess risk
(RER) of death derived from this model is the ratio of
the excess risk of death in a given area (the excess minus
the expected on the basis of the area-specific life table) to
that in a reference category (in this case the State aver-
age risk of excess death) after controlling for other fac-
tors included in the models. A RER of less than one for
a given area indicated that the risk in that area was lower
than that of the State average and vice versa. All analy-
ses were done using SAS version 8.2, and the procedure
GENMOD was used to fit the models and assess the
prognostic effects of the variables on relative survival.

To estimate how much variation in survival between
areas was due to variation in the extent of the disease
and how much to variation in treatment, we fitted two
models; one with and the other without spread of dis-
ease as a covariate, and then compared the estimates
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from the two models [14]. Variation in area-specific
RERs of death from the model excluding spread of dis-
ease should reflect effects of variation in both diagnosis
and treatment. That from the model including spread of
disease should reduce the degree of variation in RER
due to differences in spread of disease, subject to the
accuracy of spread of disease as a measure of stage at
diagnosis.

As many studies have identified SES as a moderate
risk factor for colorectal cancer survival, we added it
to the model without spread of disease to investigate
its impact on the between area variation in RERs.

To stabilise the estimates of area-specific risk, we ap-
plied an Empirical Bayes method to obtain shrunken
estimators. The methods are described elsewhere [15].
Briefly, we assume that the area-specific excess risks fol-
low a gamma distribution and variation of the gamma
distribution (¢) was estimated using the SAS procedure
NLIN. We specified the initial ¢ value as one (1) with
bounds of 0.0001-3, and estimated its value. The stan-
dard errors of the shrunken RERs were calculated and
used to estimate the 95% confidence intervals (CI) using
the normal approximation. The hypothesis of no area
variation (ie., 0 = 0) was tested by comparing the statis-
tic calculated as the ratio of ¢ and its standard error
(z = 6/SE(0)) with the standard normal distribution. A
P-value of less than 0.05 from the hypothesis test was ta-
ken to indicate statistically significant area variation in
the RERs for the given cancer.

To show how important the factors underlying arca
variation in survival might be, we estimated the number
of patients whose survival time could be extended to be-
yond five years after diagnosis, if the overall excess risk

Table 1

of death in NSW following a diagnosis of colorectal can-
cer could be reduced to the 20th centile of the distribu-
tion of excess risks across the areas; three of the areas
were below the 20th centile [15,16]. This was done in
separate categories for spread of disease at diagnosis
with the three advanced stage categories grouped to-
gether as non-localised.

3. Results

There were 17678 patients with colon cancer and
10283 with rectal cancer included in this analysis. The
numbers in individual Area Health Services varied from
75 males and 59 females with colon cancer, and 52 males
and 21 females with rectal cancer in the least populous
Health Service; to 1210 males and 1211 females with co-
lon cancer, and 828 males and 588 females with rectal
cancer in the most populous. The age and sex distribu-
tion of colon and rectal cancers reported to the NSW
Central Cancer Registry in a recent year are available
at http://www.nswcc.org.au/editorial.asp?pageid=263.

There was statistically significant variation between
areas in the proportions of localised tumours and un-
known stage tumours (P < 0.0001 for both colon and
rectal cancer) (Table 1). Four areas (South Western Syd-
ney, Mid Western, New England and Far West) had
lower proportions of localised colon cancers (as a pro-
portion of those of known stage) and two areas (Far
West and Illawarra) had lower proportions of localised
rectal cancer. Far West also had a higher proportion
of unknown stage rectal cancer. It is the largest and
most sparsely populated of the areas with the highest

Stage distribution of colon and rectal cancer by NSW Areas Health Services 1996-2001

Area Health Service Colon cancer

Rectal cancer

Localised stage Unknown stage Number of Localised stage Unknown stage Number of
% of known stages % of all stages all stages % of known stages % of all stages all stages
Central Sydney 349 9.2 1161 40.1 134 731
Northern Sydney 31.2 8.3 2421 43.9 10.5 1292
Western Sydney 35.6 9.3 1348 43.3 9.9 840
Wentworth 33.5 9.8 529 47.5 12.1 338
South Western Sydney 26.9 9.2 1475 38.4 12.7 850
Central Coast 34.2 17.7 1063 43.9 16.8 591
Hunter 30.5 114 1731 40.6 15.0 919
Illawarra 29.7 13.5 1097 35.1 16.6 669
South Eastern Sydney 30.5 8.1 2262 38.1 12.2 1416
Northern Rivers 32.3 11.0 942 423 16.2 463
Mid North Coast 33.1 12.8 1013 46.7 13.7 568
New England 27.6 16.1 479 43.9 17.7 271
Macquarie 36.6 11.5 278 47.2 16.3 129
Mid Western 27.5 12.6 508 40.5 16.7 264
Far West 28.1 14.9 134 33.9 233 73
Greater Murray 35.1 15.4 708 42.5 18.5 482
Southern 327 9.3 529 414 15.7 381
New South Wales 31.6 10.9 17678 414 13.8 10283
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proportion of Indigenous Australians in its population,
thus high proportions with late diagnosis of cancer
would not be unexpected [17].

The relative excess risks for colon cancer varied signif-
icantly by age group (P <0.0001) and spread of disease
at diagnosis (P < 0.0001). RERs for rectal cancer varied
significantly by age group (P <0.0001), sex (P =0.01)
and spread of disease at diagnosis (P <0.0001). The
goodness of fit for the Poisson models of both colon
and rectal cancer without spread of disease at diagnosis

Table 2
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as a covariate was poor (P <0.0001). After adding
spread of disease, the goodness of fit was much better:
P =0.36 for colon cancer and P = 0.56 for rectal cancer.

After adjustment for age at diagnosis, sex, and length
of follow-up, there was statistically significant area var-
iation in RER for colon (P=0.006) and rectal
(P =0.049) cancers. The shrunken RERs ranged from
0.91 to 1.11 for colon cancer and from 0.90 to 1.07 for
rectal cancer (Tables 2 and 3). There was also significant
variation in RERs for colon cancer (P = 0.015) and to a

Five-year relative survival, shrunken relative excess risk (RER) due to colon cancer with and without adjustment for disease stage at diagnosis and
95% confidence intervals (CI), by NSW Area Health Services 1996-2001

Area Health Service Five-year relative survival (%)

RER*® without adjustment
for stage and its 95% CI

RER?® with adjustment for
stage and its 95% CI

Central Sydney 60.0
Northern Sydney 63.4
Western Sydney 58.7
Wentworth 60.9
South Western Sydney 58.3
Central Coast 62.4
Hunter 61.0
Illawarra 64.0
South Eastern Sydney 61.4
Northern Rivers 62.6
Mid North Coast 62.8
New England 53.9
Macquarie 66.1
Mid Western 53.8
Far West 63.7
Greater Murray 59.5
Southern 59.3
New South Wales 61.3

1.01 (0.92-1.10) 1.04 (0.94-1.13)
0.91 (0.84-0.97) 0.92 (0.86-0.99)
1.03 (0.95-1.12) 1.06 (0.97-1.15)
1.01 (0.90-1.13) 1.05 (0.93-1.17)
1.07 (0.99-1.16) 1.04 (0.96-1.13)
0.97 (0.88-1.06) 0.98 (0.89-1.08)
1.02 (0.94-1.10) 1.03 (0.95-1.12)
0.93 (0.85-1.02) 0.93 (0.84-1.02)
0.96 (0.89-1.03) 0.95 (0.88-1.02)
0.95 (0.86-1.05) 0.95 (0.86-1.05)
0.95 (0.86-1.05) 0.98 (0.88-1.07)
111 (0.99-1.23) L12 (1.00-1.25)
0.95 (0.83-1.07) 0.99 (0.86-1.13)
111 (0.99-1.23) 1.13 (1.00-1.25)
0.99 (0.86-1.13) 0.97 (0.83-1.11)
1.04 (0.93-1.14) 1.09 (0.98-1.20)
1.02 (0.91-1.13) 1.02 (0.91-1.14)
1.00 1.00

& Adjusted for age, sex, and length of follow-up with the state average risk as the reference.

Table 3

Five-year relative survival, shrunken relative excess risk (RER) due to rectal cancer with and without adjustment for disease stage at diagnosis and
95% confidence intervals (CI), by NSW Area Health Services 1996-2001

Area Health Service Five-year relative survival (%)

RER?® without adjustment
for stage and its 95% CI

RER? with adjustment for
stage and its 95% CI

Central Sydney 60.2
Northern Sydney 64.8
Western Sydney 58.9
Wentworth 64.4
South Western Sydney 58.5
Central Coast 59.1
Hunter 57.1
Illawarra 62.0
South Eastern Sydney 61.1
Northern Rivers 62.4
Mid North Coast 64.7
New England 64.3
Macquarie 53.3
Mid Western 58.6
Far West 55.0
Greater Murray 62.9
Southern 60.0
New South Wales 61.6

1.00 (0.91-1.10) 1.00 (0.91-1.09)
0.90 (0.82-0.98) 0.93 (0.86-1.01)
1.04 (0.94-1.14) 1.04 (0.95-1.13)
0.97 (0.86-1.08) 1.01 (0.90-1.11)
1.06 (0.96-1.16) 1.05 (0.96-1.14)
1.00 (0.90-1.11) 1.01 (0.91-1.10)
1.07 (0.97-1.16) 1.04 (0.96-1.13)
0.99 (0.89-1.09) 0.99 (0.90-1.08)
0.98 (0.90-1.06) 0.95 (0.88-1.02)
0.95 (0.85-1.06) 0.97 (0.88-1.07)
0.95 (0.85-1.05) 0.99 (0.90-1.09)
0.98 (0.87-1.10) 1.01 (0.91-1.12)
1.04 (0.92-1.17) 1.05 (0.93-1.16)
1.04 (0.92-1.16) 1.03 (0.92-1.13)
1.02 (0.89-1.15) 1.02 (0.91-1.13)
0.97 (0.87-1.08) 0.99 (0.89-1.08)
1.02 (0.91-1.13) 1.00 (0.91-1.10)
1.00 1.00

% Adjusted for age, sex, and length of follow-up with the state average risk as the reference.
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Table 4
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Number of lives that might be extended beyond five years after diagnosis by degree of spread for colon and rectal cancer in NSW, 1996-2001

Cancer type Number of Sigma (0)* SE(sigma) P-value’ Number of lives % of number of
excess deaths might be extended® excess deaths

Localised tumours

Colon 279 0.55 0.10 <0.0001 180 64.5

Rectum 321 0.27 0.10 0.005 82 25.4

Non-localised tumours

Colon 3722 0.09 0.04 0.014 251 6.8

Rectum 1888 0.04 0.07 0.548 59 3.1

Unknown stage tumours

Colon 564 0.27 0.09 0.002 128 22.7

Rectum 412 0.19 0.06 0.002 84 20.5

a

o is the standard deviation of the gamma distribution of area-specific risks and indicates the size of the area variation for a given cancer.

® Estimated from the model containing age, sex, length of follow-up and stratified by spread of disease at diagnosis.

T P-value for test of area variation equal to 0.

lesser extent for rectal cancer (P = 0.08), across SES cat-
egories, after adjustment for age, sex and length of fol-
low-up. For both, the RERs for the lower four
categories of SES, relative to the highest, ranged from
1.03 to 1.15 with little trend across them. Adjustment
for SES produced little change in the range of RERs
for colon cancer across areas (from 0.91-1.11 to 0.93-
1.09 with an increase in P-value from 0.006 to 0.02)
but narrowed the range for rectal cancer appreciably
(from 0.90-1.07 to 0.97-1.03 with an increase in P-value
from 0.049 to 0.48). Adjustment for spread of discase at
diagnosis similarly did not appreciably change the vari-
ation for colon cancer (RER 0.92-1.13, P =0.004) but
reduced that for rectal cancer (RER 0.93-1.05,
P =0.16) (Tables 2 and 3).

Area variation in RERs, estimated from the model
containing age group, sex, length of follow-up and strat-
ified by spread of disease at diagnosis, was greatest for
localised cancers, as indicated by the comparatively
large values for o, least for non-localised cancers and
intermediate for cancers of unknown stage (Table 4).
Variation was greater for colon than rectal cancer in
each stage category.

Our estimate of the number of patients with colon
cancer whose survival time might be increased to more
than five years (559) was higher than that for patients
with rectal cancer (225) due to the larger number of ex-
cess deaths and the greater area variation for colon can-
cer (Table 4). The most lives that might be extended
were in patients with non-localised colon cancer (251)
while the highest estimated proportion of lives that
might be extended was for localised colon cancer
(64.5%), because of the larger variation between areas
in this category (o = 0.55).

4. Discussion

Relative excess risk of death following a diagnosis
of colon cancer and rectal cancer in NSW varied be-
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tween Area Health Services by 20% and 17%,
respectively. Controlling for spread of cancer at diag-
nosis had little impact on inter-area variation in RERs
for colon cancer (21% after adjustment) but reduced it
to 12% for rectal cancer, thus suggesting that
variation in extent of disease between areas contrib-
uted slightly to the variation in outcome for rectal
cancer.

The significant variation in RERs for colon cancer
between areas after adjustment for spread of disease
suggests that differences in the application of treatments
of known effectiveness contribute to variation in out-
come. While SES of the patient’s area of residence also
contributed to variation in RERs between areas, we
did not adjust for its effects when examining the effect
of adjustment for stage of disease on variation in RERs;
because it is probably a contributor to variation in treat-
ment quality rather than a confounder of it [18]. In this
regard, it is relevant to note the recent results of Lem-
mens and colleagues from the Netherlands, which
showed that use of adjuvant chemotherapy for stage
IIT colon cancer was less in people of lower SES, and
in older people [19].

A recent report on patterns of care for colorectal can-
cer in NSW throws some light on the possibility that
treatment variation contributed to variation in outcome
[20]. There is level I evidence that post-operative adju-
vant chemotherapy improves outcome of node positive
colon cancer [21]. In NSW in 2000, 31% of colon cancer
patients received post-operative chemotherapy; 31% or
more of patients received it in six of the eight Area
Health Services in which the RER was less than or equal
to 1.0 but in only three of nine areas in which the RER
was greater than 1.0 [20].

Variation in surgical experience may also have con-
tributed to variation in outcomes for colon cancer. A
number of studies have found that outcomes for colo-
rectal cancer patients is better when patients are treated
by surgeons with higher case volumes and specialist
expertise [22-25].
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The capacity to adjust for the effect of spread of can-
cer on survival depends on the accuracy of the data.
Information on spread of cancer at diagnosis was ob-
tained from hospital medical record departments and
radiotherapy notifiers and its quality may vary between
areas. This may reduce the capacity to adjust for its ef-
fect on area variation in survival. More accurate data on
spread of cancer at diagnosis would be highly desirable
but are rarely available at the population level. It is
noteworthy, though, that when spread of disease at
diagnosis was added to the statistical models, the fit of
the models improved dramatically.

Our adjustment for cancer stage at diagnosis is by
rather crude categorical measures and we cannot adjust
for possible stage migration within each of these stage
categories, as might be indicated, for example, by num-
ber of lymph nodes examined histopathologically if we
had these data [26]. Thus, there may be residual effects
due to differences in the extent of disease within stage.
Information about patients is limited on population-
based cancer registries and no treatment information is
collected by the registry, thus the data themselves do
not allow us to point a direct link between the poor out-
comes and differences in treatments. However, we know
from other data that some patients received suboptimal
cancer therapy [20].

The estimated number of lives that might be ex-
tended beyond five years after diagnosis offers a tool
to health authorities to set priorities for treatment
improvement. In this case non-localised colon cancer
is the area of potentially greatest gain from improved
treatment, with an estimated 251 lives over five years
(50 a year) extendable by shifting the State average
risk to the 20th centile. Some of this gain could al-
most certainly be achieved by ensuring that guidelines
for adjuvant treatment of node-positive colon cancer
are fully implemented and consistently followed in
all Area Health Services [21]. This could require im-
proved access to medical oncology services in rural
and remote areas of the State [14] as well as improved
uptake of guidelines by treating practitioners. As
radiotherapy centres are located in metropolitan areas
in NSW [14], patients living in rural and remote areas
have relatively poorer access to the standard of cancer
treatment services available to their metropolitan
counterparts [27]. For localised colon cancer the esti-
mated number of extendable lives over five years
was also comparatively high at 180. Surgery is the
critical treatment modality for these cancers and it
may be here that low surgical caseloads in some areas
may be contributing to poorer outcome [22-25]. This
would, however, be a challenge to address. Surgical
services are undersupplied outside major centres in
rural and remote Australia and population density is
too low to be able to support any substantial degree
of surgical sub-specialisation [28].
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Studying variation in RERs of death within five years
of diagnosis of cancer, with use of Empirical Bayes
methods to shrink RER estimates and adjustment for
spread of cancer at diagnosis, can help identify cancers
for which better application of treatment guidelines
might improve outcome. Estimates of the numbers of
lives that could be extended if the State average risk
was reduced to the 20th centile of the distribution may
assist in setting priorities for treatment improvement.
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Trends in survival and excess risk of death after diagnosis of cancer
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Survival from almost all cancers has improved during the last
30 years. There is debate over the reasons for the improvement.
We examined trends in survival for 28 cancers from 1980 to 1996
in New South Wales (NSW), Australia, with adjustment for dis-
ease spread at diagnosis. NSW Central Cancer Registry data were
used to estimate 5-year relative survival and relative excess risk of
death for patients diagnosed in 1980-84, 1985-88, 1989-92 and
1993-96. Statistical significance of variation in excess deaths be-
tween periods of diagnosis was assessed using Poisson regression,
with adjustment for age, sex, duration of follow-up, histology and
spread of disease at diagnosis. There were statistically significant
falls in excess deaths for 20 of the cancers with a 25% fall for all
cancers combined. Cancers of the prostate, liver, thyroid, breast,
gallbladder, body of uterus, rectum, cervix and ovary had falls of
>30%. The falls varied by spread of disease; the largest being in
localised and regionally spread tumours. Overall survival, when
unadjusted for spread of cancer, generally fell in parallel with that
in the specific categories of spread, which implies that stage migra-
tion did not contribute importantly to survival trends. While
acknowledging the limitations of incomplete data on stage of can-
cer at diagnosis, we conclude that falls in excess deaths in NSW
from 1980 to 1996 are unlikely, for many cancers, to be attributed
to earlier diagnosis or stage migration; thus advances in cancer
treatment have almost certainly contributed to them.

© 2006 Wiley-Liss, Inc.

Key words: trend; relative survival; cancer registry; epidemiology;
stage migration

Survival from almost all cancers has improved, for some mark-
edly, during the last 30 years. Notable successes include childhood
leukaemia, testicular cancer and Hodgkin’s disease, in which sur-
vival improvement has been mainly due to the introduction of
more effective treatments.'™ Between 1975-79 and 1995-2000 in
the USA, 5-year-survival from female breast cancer increased
from 75 to 88% and that for colorectal cancer from 50 to 64%
(men) and 52 to 63% (women): these improvements were attrib-
uted to both earlier detection and more effective treatment of can-
cer.* There has been debate, however, over the extent to which
improved treatment has contributed to the trend in survival.’ By
extrapolating trends in cancer mortality in the USA, Bailar and
Gornick argued that newer cancer therapies have produced few
real benefits and concluded that recent decreases in cancer mortal-
ity were due mainly to falling incidence or earlier detection.®

In this study, we examined time trends in excess risk of death
within 5 years of diagnosis from 1980 to 1996 in patients with one
of the 28 cancers, in New South Wales (NSW), Australia using
data from a population-based cancer registry. To try to exclude
impacts of earlier detection, we examined the trends in excess risk
of death, with adjustment for a measure of disease spread at diag-
nosis, along with histological type of cancer, age and sex. In doing
so, we also assessed possible effects of stage migration, a shift
with time in the stage distribution of a cancer towards apparently
higher stage disease because of more complete identification of
disease spread. This shift produces an artificial increase in survival
in each stage category because of the removal of more advanced
disease from earlier stage categories and its transfer as relatively
less advanced disease into later stage categories.” Taking con-
founding trends in stage and the possibility of stage migration into

account allows an interpretation of the trends in excess risk of
death in terms of changes in disease management.

Material and methods
Data

Data for patients diagnosed with any of the 28 major cancers dur-
ing 1980-96 were obtained from the population-based NSW Central
Cancer Registry. Notification of cancer has been a statutory require-
ment for all NSW public and private hospitals, radiotherapy depart-
ments and nursing homes since 1972, and for pathology depart-
ments since 1985.8 The Central Cancer Registry generally has high
standards of data completeness, quality and follow-up; the data are
accepted by the International Agency for Research on Cancer for
publication in Cancer Incidence in Five Continents.” Individuals with
the first occurrence of a primary cancer between 15 and 89 years of
age were included. Cases notified by death certificate only or first id-
entified at postmortem were excluded from the analysis of survival,
but included in the calculation of age—sex standardised incidence
rates. These cases were 1.8% of the total and were relatively con-
stant over time, except for an increase to 3.3% in 1985-88 caused
by lack of Registry resources to investigate them. Data on the popu-
lation and population mortality used to calculate relative survival
and age and sex standardised incidence rates were obtained from
the Australian Bureau of Statistics, which conducts Australia’s quin-
quennial population census and collates national death data.

All cases diagnosed from 1980 to 1996 were followed to December
2001 to determine survival status. Identifiers from each were com-
pared with those of all records of deaths in the State Register of
Deaths and the National Death Index from their date of diagnosis to
31st December 2001 to find a matching death record, if present. This
passive approach to follow-up may fail to ascertain all deaths and
may incorrectly link some incidence and death records. A study
investigating its completeness and accuracy found loss to follow-up
to be uniform from 1980 to 1993 and estimated the resulting overes-
timation of relative survival to be a maximum of 2%.'" The end of
follow-up was the date of death for those who died within five years
of diagnosis or five years after diagnosis for those who survived the
first 5 years.

All information on primary cancer site and histology was coded
according to the International Classification of Diseases for Oncol-
ogy, second edition (ICDO-2)."" Data on spread of disease at diag-
nosis were provided by hospital medical record departments and
radiotherapy notifiers, and classified into four broad categories:
localised, regional (including adjacent organs and regional lymph
nodes), distant and unknown to the Registry. This summary classifi-
cation of stage is used by a number of major cancer registries
around the world, including registries in the Surveillance, Epidemi-
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ology, and End Results (SEER) program in the USA. While not as
detailed as the standard TNM staging system, 1t can be applied to
most cancers occurring in whole populations.'> Degree of spread
was not applicable to staging for Hodgkin’s disease, non-Hodgkin
lymphoma, multiple myeloma, leukaemia and brain cancer, and no
other staging data were available for them. Because of the impor-
tance of spread of disease in our analysis and the possibility of stage
migration, we tabulated changes in the distribution of spread in
1980-96 for the sites for which it was available, with regional and
distant spread combined as nonlocalised disease.

Statistical methods

Relative survival and relative excess risk of death. Cancer
patients were followed for five years after diagnosis and relative
survival was estimated using the cohort method. Relative survival
is the ratio of the observed proportion surviving in a group of
patients to the expected proportion that would have survived in a
comparable group of people from the general population.'
Observed survival was estimated using the life table method.'
The expected survival from the general population was calculated
using all cause mortality for the NSW population by single year of
age, sex and calendar year."

The excess risk of death after diagnosis of a cancer is the risk of
death above what would have been observed if the population
death rates had been applied to the cancer patients. To analyse
trends in excess risk of death, four time periods were defined:
1980-84, 1985-88, 1989-92 and 1993-96. Grouping the dates of
diagnosis in periods of a few years increases the likelihood that
cancer patients diagnosed within a period followed similar treat-
ment protocols and had similar access to screening. The period
1980-84 preceded compulsory reporting of cancer to the Cancer
Registry by pathology laboratories, which was introduced in 1985.

Statistical modelling of excess risk of death. To determine the
change in survival over time after adjustment for possible confound-
ers, we fitted a P01sson regression model for excess deaths from
each type of cancer.'® The model included time period of diagnosis,
age group at diagnosis (15-44, 45-59, 60—74 and 75-89 years), year
of follow-up since diagnosis, sex (where applicable), histological
type (based on ICDO-2 and with the less common histological types
grouped together) and spread of disease at diagnosis (where applica-
ble) as independent variables. We then fitted another model by add-
ing the interaction of spread of cancer by period of diagnosis to the
main effects model for cancers to which spread of disease at diagno-
sis was applicable. Finally, we compared the difference between the
deviance from this model with that from the main effects model to
determine whether addition of the interaction produced a statisti-
cally significant difference in model deviance (p < 0.05), using the
chi-square test. If the difference was statistically significant, we then
carried out further analyses to examine the differences in trends
across categories of spread of cancer.

The modelhng methods we used are described in detail by
Dickman et al.'” Briefly, data from individual records were aggre-
gated to yield a count of deaths for each combination of the varia-
bles included in the model, and then a generalised linear model
with a Poisson error structure based on aggregated data using
exact survival time (person-years) was fitted for each cancer. This
model quantifies the extent to which the excess risk of death in a
given period differs from the excess risk of death in the reference
period (1980-84) after controlling for the factors included in the
model. The relative excess risk of death (RER) in the period
1980-84 was set to a value of 1. A RER of less than 1 in another
period indicates that the excess risk of death in that period was
less than that in the reference period, and vice versa. Ninety-five
per cent confidence intervals (Cls) for the RERs were calculated
using the estimated coefficients and standard errors from the Pois-
son models. The statistical significance of each variable in the
model was determined by the log-likelihood ratio test with a p-
value of <0.01 taken to indicate statistical significance. All analy-
ses were done using SAS version 8.2 and the procedure GENMOD
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was used to fit the models and assess the effects of the variables
on excess risk.

Trends in incidence rates. To estimate trends in incidence,
which we reported to give context to the survival trends, we calcu-
lated annual age-sex standardised incidence rates for the resident
population in NSW during the period 1980-96 for each of the 28
cancers. These rates were expressed per 100,000 of the population,
and age and sex were adjusted by the direct method to the Austra-
lian estimated residential population of 2001. Trends in incidence
were summarized by calculating the annual percent change in age-
standardised incidence rates over the 17 years for each cancer.
The annual percent change was estimated by fitting a Poisson
regression model to the natural logarithm of the rates, with calen-
dar year as a continuous independent variable. The assumption of
a linear trend was reasonable for all cancers except for melanoma
and prostate cancer in which there have been sizeable short-term
perturbations in the long-term trend.®

Results

A total of 343,034 newly diagnosed cancers were included in
this analysis, with the commonest cancers being breast (41,476),
lung (39,769) and prostate (37,374) (Table I). Age-standardised
incidence of most cancers increased during the period 1980-96.
The largest annual percent increases were for cancers of the pros-
tate, liver and thyroid, and mesothelioma, and the largest falls
were for cancers of the stomach, cervix and bladder. The inci-
dence of prostate cancer showed a dramatlc rise between 1990 and
1994, followed by a fall after 1994.® The Registry’s report on cancer
incidence in 2003 is available at http://www.cancerinstitute.org.au/
cancer_inst/statistics/pdfs/IncidenceMortalityReport2005.pdf.

TABLE I - AGE AND SEX STANDARDISED INCIDENCE RATES (PER 100,000)
AND AVERAGE ANNUAL PERCENT CHANGE, WITH THE CORRESPONDING
95% CI, FOR 28 CANCERS, IN NSW, AUSTRALIA, 1980-96

Age- Average
Cancer type Number of standardised ;::ll:llt 95% CI
new cases incidence change
rates! 1980-96
Lip 3,562 9.0 2.51 0.85,4.19
Head and neck 12,553 28.3 0.00 —0.58,0.58
Oesophagus 4,167 10.5 1.21 0.54,1.88
Stomach 10,354 22.5 —2.66 —3.11, —2.21
Colon 32,414 80.6 0.56 0.19, 0.93
Rectum 17,688 44.5 0.94 0.57, 1.32
Liver 1,891 6.7 791 6.48,9.36
Gallbladder 2,709 6.6 0.29 —0.63,1.23
Pancreas 8,091 19.8 0.04 —0.43,0.51
Lung 39,769 90.7 —-0.56 —0.78, —0.33
Melanoma 32,316 84.4 3.06 2.15,3.97
Mesothelioma 1,634 5.1 5.11 4.14, 6.08
Connective 2,088 4.6 —-0.16 —1.25,0.93
tissue
Breast 41,476 113.9 2.71 2.30,3.13
Cervix 5,957 11.6 —-1.63 -—222, —-1.04
Body of uterus 5,793 14.0 0.93 0.27, 1.60
Ovary 5,375 12.1 —-0.30 —0.87,0.27
Prostate 37,374 146.1 7.09 5.46, 8.75
Testis 2,314 54 2.68 1.79, 3.57
Bladder 12,139 25.2 -290 —3.63, —2.16
Kidney 9,053 24.3 2.79 2.24,3.33
Thyroid 3,438 10.2 4.92 3.86, 5.99
Brain 5,404 12.8 1.08 0.62, 1.55
Hodgkin’s 1,856 3.7 —-0.76 —1.49, —0.03
disease
Non-Hodgkin 12,688 34.8 3.04 2.68,3.41
lymphoma
Multiple 4,229 11.0 1.09 0.38, 1.81
myeloma
Leukaemia 9,365 23.5 0.48 —0.04, 1.00
Unspecified 17,337 40.2 —-0.49 —1.03,0.05

"Age and sex adjusted to the Australian estimated residential popu-
lation of 2001.

139



896 YU ET AL.

TABLE II - PROPORTION OF SPREAD OF DISEASE AT DIAGNOSIS BY PERIOD OF DIAGNOSIS FOR 23 MAJOR CANCERS
DIAGNOSED IN NSW, AUSTRALIA, 1980-96'

Localised Non-localised Unknown
Cancer type
1980-84 1985-88 1989-92 1993-96 1980-84 1985-88 1989-92 1993-96 1980-84 1985-88 1989-92 1993-96
Lip 81.0 72.4 69.7 62.7 7.2 6.9 6.6 5.6 11.8 20.8 23.7 31.7
Head and neck 47.1 45.3 41.9 30.8 36.8 36.2 36.3 395 16.0 18.5 21.8 29.7
Oesophagus 34.8 42.0 38.5 274 423 36.0 35.7 37.9 22.9 22.0 25.8 34.7
Stomach 24.7 25.2 23.5 17.1 59.2 57.3 60.1 59.9 16.1 17.5 16.4 23.0
Colon 33.7 30.8 30.4 23.7 55.5 57.5 60.9 63.8 10.8 11.7 8.7 12.4
Rectum 423 39.4 38.2 30.9 47.9 49.5 51.9 52.8 9.8 11.2 9.9 16.2
Liver 49.6 39.1 37.7 23.6 32.7 23.5 22.5 18.7 17.7 37.3 39.7 57.8
Gallbladder 24.3 25.0 23.6 17.3 64.5 57.5 56.1 49.9 11.3 17.5 20.2 32.8
Pancreas 14.3 16.4 16.5 9.6 68.5 56.1 56.0 52.6 17.2 27.5 27.5 37.8
Lung 23.2 30.3 26.4 17.0 49.8 44.7 44.6 46.8 27.0 25.0 29.0 36.2
Melanoma 82.9 87.3 88.2 89.0 9.6 7.5 8.1 6.8 7.5 5.2 3.7 4.2
Mesothelioma 28.8 42.7 35.9 19.6 49.2 18.6 21.7 21.6 22.0 38.7 42.4 58.8
Connective tissue 53.8 55.6 48.2 343 27.0 21.8 18.9 16.0 19.2 22.5 329 49.7
Breast 47.3 479 49.3 51.0 37.6 37.8 37.8 335 15.1 14.3 12.9 15.4
Cervix 57.0 67.3 63.7 50.7 313 249 28.6 25.9 11.7 7.8 7.7 23.4
Body of uterus 679 69.4 65.7 61.5 17.2 17.8 20.8 21.3 14.9 12.8 13.5 17.2
Ovary 28.2 274 24.4 16.0 61.1 58.7 65.4 70.0 10.7 13.9 10.2 14.0
Prostate 59.0 52.5 51.1 40.6 21.8 214 16.6 10.0 19.3 26.1 323 49.4
Testis 59.1 65.5 66.6 60.5 20.4 23.5 23.1 21.2 20.4 11.0 10.4 18.3
Bladder 77.8 71.7 65.9 47.2 11.6 11.6 153 15.4 10.6 16.7 18.8 37.4
Kidney 51.2 49.8 50.1 44.3 38.5 38.8 36.0 35.1 10.3 11.4 139 20.6
Thyroid 64.9 59.0 62.7 51.7 25.4 28.6 243 24.9 9.7 12.4 13.1 23.4
Unspecified 0.7 1.4 1.2 0.8 95.6 88.6 89.4 87.4 3.7 10.0 9.4 11.8

"Brain cancers, non-Hodgkin lymphoma, Hodgkin disease, multiple myeloma and leukaemia are not included in this table because classifica-
tion of stage at diagnosis on the basis of spread of disease at diagnosis does not apply to them.

TABLE III - RELATIVE EXCESS RISK (RER) DURING THE FIRST 5-YEARS AFTER DIAGNOSIS, WITH ADJUSTMENT FOR AGE, SEX, SPREAD OF CANCER,
YEARS SINCE DIAGNOSIS AND HISTOLOGICAL TYPE FOR 28 CANCERS DIAGNOSED IN 1980-96 AND FOLLOWED TO 2001, IN NSW, AUSTRALIA

Cancer type 5-year RSR! RER” and 95% C1 p-value
1993-96 (%) 1980-84 1985-88 1989-92 1993-96

Lip 93.1 1.00 0.87 (0.52-1.47) 0.61 (0.36-1.04) 0.72 (0.43-1.19) 0.283
Head and neck 55.6 1.00 0.93 (0.86-1.01)  0.87 (0.81-0.95) 078 (0.72-0.85)  <0.0001°
Oesophagus 15.4 1.00 0.85 (0.77-0.94) 0.75 (0.68-0.83) 0.70 (0.63-0.77) <0.0001*
Stomach 23.8 1.00 0.93 (0.87-1.00) 0.88 (0.82-0.94) 0.82 (0.77-0.88) <0.0001*
Colon 60.0 1.00 0.84 (0.80-0.89) 0.80 (0.76-0.85) 0.71 (0.68-0.75) <0.0001*
Rectum 59.4 1.00 0.86 (0.80-0.92) 0.75 (0.70-0.81) 0.67 (0.62-0.71) <0.0001*
Liver 114 1.00 0.71 (0.60-0.85) 0.73 (0.62-0.87) 0.55 (0.47-0.65) <0.0001°
Gallbladder 19.5 1.00 0.83 (0.73-0.93) 0.78 (0.69-0.88) 0.61 (0.54-0.69) <0.0001*
Pancreas 53 1.00 0.85 (0.79-0.91) 0.94 (0.88-1.01) 0.86 (0.80-0.92) <0.0001*
Lung 12.5 1.00 0.94 (0.91-0.97) 0.90 (0.87-0.93) 0.82 (0.79-0.84) <0.0001*
Melanoma 90.9 1.00 0.82 (0.73-0.93) 0.72 (0.64-0.81) 0.72 (0.64-0.81) <0.00013
Mesothelioma 4.9 1.00 0.88 (0.74-1.04) 0.87 (0.74-1.02) 0.92 (0.79-1.07) 0.35°
Connective tissue 63.0 1.00 1.08 (0.86—1.35) 1.11 (0.89-1.39) 1.05 (0.84-1.30) <0.0001*
Breast 85.0 1.00 0.88 (0.82-0.94) 0.76 (0.71-0.81) 0.61 (0.57-0.65) <0.0001*
Cervix 73.1 1.00 1.03 (0.91-1.18) 0.78 (0.68-0.89) 0.68 (0.59-0.78) <0.00013
Body of uterus 79.2 1.00 0.79 (0.66-0.94) 0.66 (0.55-0.79) 0.61 (0.51-0.72) <0.0001°
Ovary 37.3 1.00 1.03 (0.93-1.14) 0.84 (0.76-0.92) 0.68 (0.62-0.75) <0.0001*
Prostate 86.9 1.00 1.09 (1.01-1.19) 0.95 (0.87-1.03) 0.54 (0.49-0.59) <0.0001*
Testis 95.5 1.00 0.72 (0.42-1.23) 0.51 (0.31-0.84) 0.63 (0.38-1.04) 0.05°
Bladder 62.5 1.00 1.06 (0.96-1.18) 1.08 (0.97-1.21) 1.13 (1.02-1.26) 0.14°
Kidney 57.4 1.00 0.86 (0.78-0.94) 0.85 (0.77-0.93) 0.73 (0.67-0.80) <0.0001*
Thyroid 93.5 1.00 0.81 (0.57-1.14) 0.63 (0.44-0.89) 0.58 (0.42-0.81) <0.0001°
Brain’ 17.9 1.00 0.88 (0.80-0.96) 094 (0.86-1.02)  0.86 (0.79-0.94) 0.003°
Hodgkin’s disease’ 77.3 1.00 1.13 (0.86-1.48) 0.99 (0.74-1.33) 0.85 (0.63-1.15) 0.26°
Non-Hodgkin lymphoma 53.6 1.00 0.94 (0.86-1.02) 0.92 (0.85-0.99) 0.86 (0.80-0.93) 0.0023
Multiple myeloma3 31.9 1.00 0.95 (0.85-1.07) 0.91 (0.82-1.02) 0.86 (0.77-0.97) 0.07°
Leukaemia® 382 1.00 0.84(0.78-0.92) 074 (0.68-0.80) 082 (0.76-0.88)  <0.0001°
Unspecified 11.0 1.00 1.06 (1.01-1.11) 1.04 (0.99-1.09) 1.10 (1.05-1.15) <0.0001*
All cancer 596 1.00 0.92(0.91-0.94) 086 (0.85-0.88)  0.75(0.74-0.76)  <0.0001*

Values in parentheses represent 95% CI.

'Five-year relative survival for the period 1993-96.—RER for the period of 198084 as reference (set to 1.0). Each model included age group
at diagnosis, sex, year since diagnosis, period of diagnosis, histological type and spread of cancer.—p-value for the main effect of period for can-
cer types with nonsignificant interaction term for period by stage.— p-value for the interaction of period by stage for cancer types with significant
interaction term for period by stage.—Classification of stage by spread of cancer not applicable for these cancers.

There were substantial changes in the distribution of the cancers
by spread of disease at diagnosis over the period of study (Table II).
The proportion with localised disease fell for all but three cancer
types—melanoma, breast cancer and testicular cancer—and the pro-

portion with unknown stage increased for all except these same
three cancer types. The proportions with regional and distant disease
fell for 15 cancer types (including melanoma and breast cancer) and
increased for 8 types, the most substantial being in cancers of the
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FiGure 1 — Trends in 5-year rel-
ative survival by spread of cancer
for all cancers combined and cancers
of the breast, colon, ovary, prostate
and rectum (New South Wales,
Australia, 1980-96).
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colon, rectum and ovary (5 percentage points or more). The increase
in the proportion of cancers of unknown stage occurred mainly in
1993-96 and, to a much less extent, in 1989-92 for 13 of the 20
cancer types in which an increase occurred. These increases were
probably largely due to a change from paper-based to electronic no-
tification of cancer from some hospitals, introduced from 1992,
which meant that some information on stage provided through man-
ual notification was no longer available to the Registry. In the
remaining 7 cancer types, the increase was more gradual across the
whole period of observation, indicating that additional factors,
unknown to us, were influencing completeness of stage information
reported to the Registry for these cancers.

The excess risk of death fell over time for most cancers except
cancers of the connective tissue and unspecified site, for which it
rose significantly (p < 0.0001), and cancer of the bladder, where
the increase was not statistically significant (Table III). For all
cancers together, the excess risk of death fell by a relative 25%.
The most dramatic falls were in cancers of the liver, prostate and
thyroid, with the excess risk of death in the latest period being less
than 60% of that in the earliest period. Other notable falls were for
cancers of the oesophagus, rectum, gallbladder, breast, cervix,
uterus and ovary.

There were nonsignificant falls in excess risk of death from can-
cers of the lip and testis, mesothelioma, Hodgkin’s disease and
multiple myeloma. The CIs about the RERs of less than unity for
cancers of the lip and testis diagnosed in 1993-96 were wide and
included the point estimate of 0.75 for RER of all cancers to-
gether. These were among the least frequent of the cancers studied
and were in the 3 least fatal; thus real downtrends in excess risk of
death for these cancers are possible, but our data had limited sta-
tistical power to detect them with any certainty. Hodgkin’s disease

14

and multiple myeloma shared with non-Hodgkin lymphoma a 14—
15% reduction in excess risk of death between 1980-84 and
1993-96, which was statistically significant for the latter.

The trend in excess risk of death was significantly heterogene-
ous among categories of spread of disease for 13 of the 23 cancers
for which disease stage was available. Some patterns are shown in
terms of trends in 5-year relative survival in Figure 1. For all can-
cers combined and cancers of the colon, breast and prostate, the
main trends in 5-year relative survival were increases in the local-
ised, regional and unknown categories, with no improvement for
distant cancers. For cancer of the rectum, the 5-year relative sur-
vival increased in all categories though much less so for cancers
with distant spread. For ovarian cancer, the increase in survival
was evident in cancers that were localised, regional or distant but
hardly at all in unknown spread or all degrees of spread together
(unadjusted for degree of spread); this strongly suggests that stage
migration caused the apparently increased survival in the individ-
ual degree of spread categories (Fig. 1).

There was also evidence of stage migration in the pattern of
change in the degree of spread with time for cancer of the ovary:
the proportion of localised cancers fell, that of regionally and distant
spread cancers increased correspondingly and that of unknown spread
cancers changed little. Cancers of the colon, rectum, head and neck,
and body of uterus showed similar patterns of change in degree of
spread. For colon and rectal cancers, however, overall survival, un-
adjusted for spread of disease, paralleled the trends in survival in
the individual spread of cancer categories, thus ruling out substan-
tial stage migration (Fig. 1). For cancers of the head and neck and
body of uterus, the uptrend in overall survival was modest relative
to that in individual categories of degree of spread (data not shown),
thus suggesting some stage migration.
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Discussion

We found that excess risk of death after diagnosis for 20 of the
28 categories of cancer type, adjusted where possible for degree of
spread of cancer (cancer stage) at diagnosis, fell significantly,
between 1980 and 1996 in New South Wales. These results are
consistent with the beneficial effects of newer cancer therapies on
cancer survival but incomplete data on degree of spread and its
increase with time may limit the confidence with which this con-
clusion can be drawn.

Our data are population-based and thus represent the experience
of a general population of people with cancer, not one that has
been selected by referral to a particular hospital or expert centre.
We were able to take some account of trends in stage, which many
population-based studies cannot because stage data are not col-
lected by the relevant cancer registry. Our observations are also
based on large numbers of patients and deaths and thus can give
quite precise estimates of trends for many different cancers.

That our data on stage of cancer are incomplete and have be-
come more incomplete with time mean that we cannot rule out
entirely the possibility that increased cancer screening or better
methods of diagnosis, leading to earlier d1agn0s1s have contrib-
uted to the favourable trends we have observed.'® In addition to
the impacts on cancer mortality that screening and improved diag-
nosis might have had, both lead-time bias (advancing the date of
diagnosis without postponing the time of death) and length bias
(detection of slower growing tumours that would not otherwise
have been dlagnosed or have caused death) could have produced
apparent falls in excess risk of death.'®?° The measure we used to
adjust for stage, spread of disease at diagnosis, is a very powerful
predictor of survival in our data,'® but it was missing for more
than 10% of most cancer types; this high prevalence of missing
data would reduce our ability to control statistically for effects of
trends in earlier diagnosis on trends in survival. These issues not-
withstanding, the lack, for most cancers, of an increase in the pro-
portion of cases with localised stage (Table II) suggests that these
factors were not generally important contributors to apparently
improved survival.

Stage migration could also have produced artefactual falls in
observed excess risk of death. As suggested earlier, this might
explain the whole of the apparent improvement in stage-adjusted
survival for ovarian cancer and might have contributed to the falls
in stage-adjusted survival for cancers of the head and neck and
body of uterus. It was probably not important for other cancers.

There would, perhaps, be greatest concern with inadequate ad-
justment for stage at diagnosis in cancers for which the proportion
of early stage disease increased with time: melanoma, breast can-
cer and testicular cancer. Introduction of mammographic screen-
ing for breast cancer in the 1980s should have reduced the excess
risk of death from breast cancers dlagnosed in 1980-96.2" Its
effects are probably evidenced in the increasing proportion of
localised disease and the somewhat greater downtrend in excess
risk for breast cancers than for most other cancers (Table III).
However, if screening was the main reason for the reduced excess
risk of death, survival improvement should have been most evi-
dent in the target age group for screening (50-69 years), whereas
it was seen in all age groups (Fig. 2). There is no formal screening
program for melanoma in Australia; self and professional skin ex-
amlnatlon is strongly encouraged and there is evidence of its
impact.?> Here the problem of adequate stage adjustment is even
greater: as most melanomas are diagnosed when localised to the
skin, a measure of local stage, namely thickness of the melanoma,
is a much better indicator of early diagnosis than is clinical stage.
We did not use it in this study. Thus we cannot infer benefits from
trends in melanoma treatment from our results. While testicular
self examination has been promoted in Australia, the trend
towards an increase in localised cancer was paralleled by an
increase in nonlocalised cancer (Table II) and a fall in cancer of
unknown stage. Thus there is no certain trend to earlier diagnosis
of testicular cancer and the reduction in excess risk of death for
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FIGURE 2 — Trends in 5-year relative survival by age at diagnosis
for breast cancer (New South Wales, Australia, 1980-96).

this cancer probably reflects the known 1mpr0vements in treatment
in the 1970s and 80s>, with the lowest RER in 1989-92 (Table III)
consistent with achlevement of a minimum in testicular cancer
mortality in NSW in this period.®

Although there is no formal screening program for prostate can-
cer in Australia and any trend towards earlier diagnosis of it has
probably been masked by the great increase in proportion of can-
cers of unknown stage, the near 50% apparent fall in excess risk
of death from it has probably been caused by the large increase in
screening with prostate specific antigen (PSA) testing in Australia
in the 1990s with the associated large increase in prostate cancer
incidence.”® The 5-year relative survival for localised prostate
cancers increased from 82.7% in 1989-92 to 97.2% in 1993-96
(Fig. 1). Compared with the model without adjustment for spread
of cancer, adjustment increased the RER in 1993-96 from 0.38 to
0.54 (data not shown). Thus, although adjustment for spread of
cancer removed more than 40% of the reduction in excess risk for
prostate cancer, the recently increased proportion of prostate can-
cers (49.4%; Table II) with missing spread of disease would prob-
ably have prevented full control of the effects of stage shift. The
increasing proportion with unknown stage for cancers of the liver
and thyroid would similarly reduce our ability to control for stage;
these also showed substantial falls in excess risk over the period
The fall in excess risk for liver cancer may be due to 1ts rapidly ris-
ing incidence due to chronic viral hepatitis in Australia®** and asso-
ciated greater detection due to surveillance of infected patients. Thy-
roid cancer is similarly increasing in incidence® and at least some
of this is due to greater detection, possibly of lesions with limited
potential to advance.?

Our results are consistent with those of population-based studies
of trends in cancer survival from other countries in which the
effects of trends in stage at diagnosis have been considered. The
most comprehensive analysis of this type was presented by Dick-
man et al. using 560,000 cases in 37 categories of cancer type reg-
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istered by the Flnmsh cancer registry, diagnosed in 1955-94 and
followed up to 1995.%° Stage data were available in the same cate-
gories as we have used and 22% of all cancers were of unknown
stage. Time trends in relative survival were presented only graphi-
cally and without adjustment for possible confounding variables.
Five-year relative survival from all cancers increased by about
20 percentage points from 1955-64 to 1985-94. Similar uptrends
were observed in each category of stage, with the absolute increase
being greater in localised and, to a lesser extent, in disease with re-
gional spread than in disease with distant spread. This is similar to
the pattern we observed (Fig. 1). A few population-based studies
of cancer survival in other countries, limited to colorectal or breast
cancers, have taken account of trends in stage at diagnosis. All
except one of colorectal cancer, in Singapore were done in Euro-
pean countries, and all found reductions in fatality or increases 1n
survival, which were apparently independent of trends in stage.*”"

How plausible is it that downtrends in excess risk of death that
we have observed are due to improvements in cancer manage-
ment? There are good grounds for believing that such improve-
ments have occurred. Surgical techniques developed during the
1980s and the introduction of adjuvant chemotherapy in the 1990s
for colorectal cancer patlents may have contributed to their appa-
rently 1mproved outcome.** These modalities are now in common
use in NSW.** The increased use of tamoxifen and adjuvant chemo-
therapies since the later 1980s should have contrlbuted to the
1mpr0ved survival for breast cancer patlents 18.34.35 These therapies
too are in common use in Australia.***’ For prostate cancer,
increased survival could also be due to changes in treatment practice
in the late 1980s and early 1990s when hormonal therapy was intro-
duced for patients with advanced disease and older patients.*®’
More recently, increasing use of radical prostatectomy in early stage
prostate cancer may also have improved outcome.*

The approximate 15% fall in excess risk of death from each of
Hodgkin’s disease, non-Hodgkin lymphoma and multiple my-
eloma is compatible with 9-16% relative increases in 5-year sur-
vival from these cancers between 1980-84 and 1995-97 in data
from the US SEER registries.*' The relatively modest changes for
these three related cancers are probably due to the most important
therapies that changed outcomes for these diseases, having been
already well established in 1980.%
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The small but significant uptrends in excess risk of death from
cancers of the connective tissue and unspecified sites might be
explained by their falls in incidence over the period of study (Ta-
ble I) due, perhaps, to increasing classification of better differenti-
ated or less widely spread cancers to more specific sites with more
specific histopathological diagnosis or more effective location of
the probable site. The statistically nonsignificant uptrend in excess
risk for bladder cancer is probably mainly due to a fall in registra-
tion of noninvasive tumours of the bladder after 1985, with avail-
ability of pathology reports and reduced reporting of bladder pap-
illomata as cancer.™

These considerations notwithstanding, there remains justifiable
concern about the impact of the increase in the proportion of
unknown stage cancers on our adjustment for stage of cancer and
especially the possibility that the distribution of stages within this
unknown stage group may also have changed with time, a possi-
bility we cannot rule out. There was, however, little correlation
(Pearson’s correlation coefficient of 0.10) between the size of the
change in the proportion of unknown stage between 1989-92 and
1993-96 and the effect of stage adjustment on the RER in 1993—
96, which suggests little such bias. Moreover, a comparison of
Tables II and III shows that for all cancers for which there was lit-
tle change in the proportion of unknown stage cancer between
1980-84 and 1989-92, there was still an important reduction in
excess risk, with an upper confidence limit for the RER of less
than 1.0 in this interval. This was so for cancers of the oesopha-
gus, stomach, colon, rectum, lung, cervix, body of uterus and kid-
ney, for which we suspect no other sources of bias, as well as for
melanoma, breast cancer and thyroid cancer, for which we do.
Thus for the former set of these, at least, the best explanation for
reduced fatality in the period of study is improvement in treat-
ment.
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Erratum

Yu XQ, O’Connell DL, Gibberd RW, Coates AS, Armstrong BK. Trends in survival and excess risk of death after a diagnosis of cancer
in 1980 to 1996 in New South Wales Australia. Int J Cancer 2006;119:894-900.

There were errors in Table I of the article by Yu et al. On page 895, there were errors in the age—sex standardized incidence rates and
average annual percent changes in Table 1. However, these errors did not change the direction of the trends in incidence or more impor-
tantly affect our interpretation of the results. The corrected table is attached.

TABLE I - AGE-SEX STANDARDIZED INCIDENCE RATES (PER 100,000)0 AND AVERAGE ANNUAL PERCENT CHANGE, WITH THE CORRESPONDING 95% CI,
FOR 28 CANCERS, IN NSW, AUSTRALIA, 1980-1996

Cancer type Number of new cases Slandafrgrillegdgglflig;%?e rates A‘;ekfsr%gea?gg(aiﬁ)ggcﬁem 95% CI1
Lip 3,562 4.5 2.52 0.86, 4.21
Head and neck 12,553 14.1 0.00 —0.58,0.58
Oesophagus 4,167 52 1.20 0.53,1.88
Stomach 10,354 11.2 —2.66 —=3.11, —2.21
Colon 32,414 40.3 0.56 0.19,0.92
Rectum 17,688 22.2 0.94 0.57, 1.31
Liver 1,891 34 7.89 6.47,9.33
Gallbladder 2,709 33 0.30 —0.63, 1.24
Pancreas 8,091 9.9 0.05 —0.42,0.52
Lung 39,769 45.2 —0.54 —=0.77, —0.31
Melanoma 32,316 42.1 3.05 2.14,3.96
Mesothelioma 1,634 2.6 5.11 4.14, 6.09
Connective tissue 2,088 2.3 —-0.16 —1.25,0.94
Breast 41,476 113.9 2.72 2.30,3.13
Cervix 5,957 11.6 —1.63 —2.22, —1.04
Body of the uterus 5,793 14.0 0.93 0.27, 1.59
Ovary 5,375 12.1 -0.30 —-0.87,0.27
Prostate 37,374 146.1 7.09 5.45,8.75
Testis 2,314 5.4 2.68 1.79, 3.57
Bladder 12,139 12.5 —2.90 —3.63, —2.16
Kidney 9,053 12.1 2.79 2.25,3.33
Thyroid 3,438 5.1 4.92 3.86, 5.99
Brain 5,404 6.4 1.08 0.62, 1.55
Hodgkin’s disease 1,856 1.9 —-0.76 —1.50, —0.02
Non-Hodgkin lymphoma 12,688 17.4 3.04 2.68,3.41
Multiple myeloma 4,229 5.5 1.09 0.37,1.81
Leukaemia 9,365 11.7 0.48 —0.04, 1.00
Unspecified 17,337 20.1 —-0.49 —1.03, 0.06

' Age—sex adjusted to the Australian estimated residential population of 2001.
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