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Estimating potential savings in cancer deaths by
eliminating regional and social class variation in
cancer survival in the Nordic countries

Paul W Dickman, Robert W Gibberd, Timo Hakulinen

Abstract
Study objectives-To examine equity in
the health care system with regard to can-
cer patient care by estimating the level
of systematic regional variation in cancer
survival in the Nordic countries. Spe-
cifically, those cancer sites which exhibit
high levels ofsystematic regional variation
in survival and hence inequity were iden-
tified. Estimating the reduction in cancer
deaths which could be achieved by elim-
inating this variation so that everyone re-
ceives effective care will provide a readily
interpretable measure of the amount of
systematic regional variation. A com-
prehensive analysis ofregional variation in
survival has not previously been conducted
so appropriate statistical methodology
must be developed.
Setting and participants-All those aged
0-90 years who had been diagnosed with
at least one of 12 common malignant neo-
plasms between 1977 and 1992 in Denmark,
Finland, Norway, and Sweden.
Design-A separate analysis was con-
ducted for each country. Regression mod-
els for the relative survival ratio were used
to estimate the relative risk ofexcess mor-
tality attributable to cancer in each region
after correcting for age and sex. An
estimate of the amount of systematic
regional variation in survival was obtained
by subtracting the estimated expected ran-
dom variation from the observed regional
variation. An estimate was then made of
the potential reduction in the number of
cancer deaths for 2008-12 if regional vari-
ation in survival were eliminated so that
everyone received the same level of effect-
ive care.
Main results-Between 2008 and 2012, an
estimated 2.5% of deaths from cancers in
the 12 sites studied could be prevented by
eliminating regional variation in survival.
The percentage of potentially avoidable
deaths did not depend on country or sex
but it did depend on cancer site. There
was no relationship between the level of
regional variation in a given country and
the level of survival. The cancer sites for
which the greatest percentage savings
could be achieved were melanoma (11%)
and cervix uteri (6%). The sites for which
the highest number of deaths could be
prevented were prostate, colon, melan-
oma, and breast.

Conclusions-This methodology showed a
small amount of systematic regional vari-
ation in cancer survival in the Nordic
countries. The cancer sites with high levels
of regional variation identified are po-
tential targets for cancer control pro-
grammes.

(J Epidemiol Community Health 1997;51:289-298)

Previous components of the Nordic col-
laborative project "Cancer in the Nordic coun-
tries in the years 1990, 2000 and 2010" (CiN)
have predicted cancer incidence and mortality
up to the year 2010.'2 In the current project we
examine regional differences in survival within
Denmark, Finland, Norway, and Sweden and
estimate the potential saving in mortality which
could be achieved by eliminating systematic
regional variation in cancer patient survival
such that everyone receives effective care.
The analysis of geographic variation is a

popular methodology in health services re-
search although the statistical methodology for
such analyses has not been fully developed."4
Most methods have been developed for the
study of regional variation in rates, and have
been applied to hospital admission rates, sur-
gery rates, and in the field of cancer epi-
demiology, incidence, and mortality rates.5-9
The most appropriate methods for our pur-
poses have focused on answering the question:
Is there more variation than can be explained
by random factors and, if so, what is the size
ofthe systematic variation?5 We have developed
a similar methodology for studying regional
variation in survival, although the methodology
is complicated by the fact that survival is math-
ematically more difficult to estimate than in-
cidence or mortality rates.

After estimating the level of systematic
regional variation in cancer survival, the po-
tential reduction in cancer mortality which
could be achieved in the years 2008-12 by
eliminating this variation is estimated. Any
overall reduction in mortality is brought about
by improving the survival in those regions with
low survival such that survival rates in all re-
gions are equivalent to what would be expected
if everyone received the same level of effective
care. This reduction in mortality is additional
to any reduction (or increase) in mortality due
to trends in survival brought about by other
factors.
The Nordic countries consist of Denmark,

Finland, Iceland, Norway, and Sweden. The
population of Iceland (250 000) is too small to
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facilitate a regional analysis so this study is
restricted to the other four countries. We have
taken the liberty of referring to these four coun-
tries as the Nordic countries.

Cancer care refers to that component of
cancer control pertinent to the period following
the onset of cancer. It consists of three main
components diagnosis, treatment, and re-

habilitation. Cancer control is a more general
term which also encompasses, among other
areas, primary prevention. Cancer care is de-
fined as being effective if it accomplishes its
purpose, which is achieving the best possible
patient survival, given the existing state of
knowledge. The survival time for a cancer

patient is defined as the elapsed time between
diagnosis and death and is the principal meas-

ure of the effectiveness of cancer care. Effective
cancer care implies effective diagnosis, effective
treatment, and effective rehabilitation (in terms
of survival time).

Equity has been regarded as one of the key
indicators of the quality of health care,'0 al-
though not everyone agrees on the definitions
of equity and health."-'5 Equity has been
equated to access to health care, the allocation
of resources, the use of health services, and
to per capita expenditure on health care. An
alternative to these resource based measures of
equity is to use an outcome based measure of
equity, namely patient survival.'6 Using this
definition, inequity stems from differences in
the effectiveness of cancer care, where effect-
iveness is measured by patient survival.
Outcome based equity usually implies re-

source based inequity since population sub-
groups will require disparate expenditure of
resources in order to achieve the same outcome.

In many situations, outcome based equity is
an unreachable goal since not everyone can be
guaranteed the same level of good health (eg
those with congenital defects). It is for this
reason that most definitions of equity are based
on the principle of equality of access rather
than equality of "health". An outcome based
measure, however, is appropriate for cancer

care since we can control for general mortality
and it is not unreasonable to aim for nationwide
equality of survival (within age/sex/site groups)
following a diagnosis of cancer. It still may not

be possible to achieve complete equity ofcancer
survival within each age/sex/site group since
further subgroups can usually be identified
(based on, for example, smoking habits or eth-
nic origin) which are subject to dissimilar gen-

eral mortality. Nevertheless, a target of
nationwide equality of survival (within age/sex/
site groups) following a diagnosis of cancer

provides a useful and realistic baseline from
which to assess equity of cancer care.

If there is a state of equity, there should be
no systematic differences in cancer survival
between patient groups (within each age/sex/
site) defined by social class or place of res-

idence. Inferences can therefore be made about
equity in a health care system by comparing
cancer survival across geographic regions and
social classes. Karjalainen" '7 lists three factors
which may account for observed differences in
cancer patient survival: inequity, confounding

variables, and random variation. The aim of this
analysis is to estimate the amount of systematic
variation in regional survival by controlling for
confounding variables and estimating the level
of random variation. The amount of systematic
variation in regional survival will provide a
measure of the level of inequity in the health
care system for cancer patients and can high-
light areas where there is potential for cancer
control programmes to be effective.

Methods
Case specific data were obtained from the cent-
ral cancer registry in each country for cases
diagnosed from 1977 until the most recent year
available, which was 1991 for Denmark and
Sweden and 1992 for Finland and Norway.
Cases were followed up for deaths to the end
of 1991 in Denmark and Sweden, 1992 in
Norway, and 1993 in Finland. Notification of
new cancer cases is compulsory in each country
and the data maintained by each of these popu-
lation based, nationwide registries is considered
to be of the highest quality.2 Collaborative pro-
jects and annual meetings of the Nordic cancer
registries ensure that data collection and follow
up procedures are comparable between the
Nordic countries.
Each cancer registry also supplied general

population mortality rates, obtained from their
central statistical offices, which were required
for the analysis of relative survival. For Finland,
population mortality rates were also provided
for each of 12 counties and each of six social
classes in addition to the nationwide rates. The
Oncologic Centre in Umea, Sweden, provided
standardised mortality ratios for each county,
sex, and age group which enabled calculation
of region specific population mortality rates for
Sweden. Incidence and mortality rates were
obtained from computer disks accompanying
the CiN la' and lb2 publications, as were
age/sex population figures for 1983-87 and
predictions for 2008-12. For Finland, in-
formation on social class was available for each
case and was used to analyse social class differ-
ences in survival in addition to the analysis of
regional differences. Social class information
was not available for the present study for any
of the other three countries. Region specific
mortality data were not available for Norway
and Denmark.

SITES
The 12 cancer sites, their corresponding ICD-
7 codes, and the number of incident cases for
each country are given in table 1. The sites
were chosen so as to obtain a range of survival
rates and potential for successful diagnosis and
treatment. Sites with a high incidence were
primarily chosen in order to reliably estimate
the region specific survival. The 12 chosen sites
account for 63% of the total number of cancer
deaths during 2008-12 predicted by CiN lb.2
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Regional variation in cancer survival

Table 1 Number of cases included in the analysis for each cancer site

ICD-7 code Site Denmark Finland Nonvay Sweden All

151 Stomach 11 261 18036 14394 23278 66969
153 Colon 27 590 13 523 24 007 39 118 104 238
154 Rectum 15 924 9969 12 959 23 485 62 337
161 Larynx (male) 2897 1926 1777 2765 9365
162-163 Lung 41 371 33 899 21602 34 891 131 763
170 Breast (female) 39224 32545 27735 65857 165361
171 Cervix uteri 8511 2746 5875 7946 25 078
172 Corpus uteri 9234 7692 6262 13 859 37 047
177 Prostate 18 916 18 373 26 771 60 156 124 216
180 Kidney 8279 7799 7297 15 274 38 649
181 Urinary bladder 20 430 8870 14 222 24 084 67 606
190 Melanoma of skin 8689 6342 10 492 16 357 41 880

Total 212 326 161 720 173 393 327 070 874 509

Table 2 Number of cases excluded from the analysis

Counny No Age Autopsy DCO* Previous Total % of
region >9Oy tumourt excluded total

Denmark 8 2506 11740 2400 887 17 541 7.6
Finland 2 1285 4201 1092 824 7404 4.4
Norway 0 2082 1709 1334 2081 7206 4.0
Sweden 11 4375 18491 Ot 3939 26816 7.6

* DCO: infornation available from death certificate only.
t Excluded because of a previous primary tumour in the same site.
t DCO cases already excluded by the cancer registry.

REGIONS
The regions had to be large enough to allow
accurate estimation of survival, yet small
enough to reflect regional differences. Regions
were defined using pre-existing administrative
borders and consisted of22 health care districts
in Finland, 24 counties (lan) in Sweden, 16
counties (amter) in Denmark, and 19 counties
(fylker) in Norway. The average regional popu-
lations were 226, 359, 321, and 226 thousand,
respectively. It could be argued that it is sci-
entifically more valid to define the regions such
that they are homogeneous with respect to
demographic or geographic characteristics
which are of direct interest (such as socio-
economic status or some measure of access to
health care). However, any future action which
may be taken to reduce regional variation will
require action by the regional health au-
thorities, thus making it perhaps more ap-
propriate to use these administratively defined
regions.

EXCLUSIONS
Some cases were excluded from the analysis
in order to obtain a more uniform material,
primarily across regions within each country,
but also across the different countries (table 2).
Reasons for exclusion were region of residence
information not available, age at diagnosis
greater than 90 years, diagnosis first made at
autopsy, and information available from death
certificate only (DCO). The survival time will
be zero when the diagnosis is first made at
autopsy or on the basis of death certificate only.
When a registry receives a death notification

for a patient (or tumour) which was not pre-
viously known to the registry, the registry con-
tacts the appropriate hospital or physician in an
attempt to ascertain the true date of diagnosis.
Sometimes it is not possible to ascertain the
true date of diagnosis and it is these cases
which were excluded. When multiple primary
tumours were registered in the same site for

the same person, only information relating to
the first tumour was included in the analysis.
Multiple primary tumours in different sites
were included independently in each site, pro-
vided other selection criteria were met.
For the Danish material, 5473 cases were

excluded due to the diagnosis being first made
at autopsy. An additional 6267 cases where
only information from the autopsy report was
available were excluded and are also reported
in this category. The true diagnosis date for
these 6267 cases may have been earlier but
no additional information is available. The
regional distribution ofthe excluded cases from
each country were examined for systematic
patterns which may introduce biases. The ana-
lysis was also repeated without excluding any
cases as a means of testing the sensitivity of
the results to the exclusions.

Statistical methods
The methodology developed for the current
study of regional variation in survival can be
described in three broad steps:

* Step 1-estimate survival for each region by
modelling relative survival as a function of
relevant predictor variables (age, sex, and
region) for each cancer site

* Step 2-estimate the amount of systematic
(as opposed to random) regional variation
in survival

* Step 3-estimate the reduction in mortality
which could be achieved if this variation were
eliminated such that everyone receives the
same level of effective care

Statistical models for relative survival ana-
lysis (step 1) are reasonably well developed,
although little research has been conducted
on methods for studying regional variation in
survival (step 2). We have developed methods
for examining regional variation in survival
which have been applied in the current study.

STEP 1: MODEL FITTING
The analysis of survival from population based
cancer registries with long term follow up is
often performed using relative survival ana-
lysis. 18-20 We used the regression model de-
veloped by Hakulinen and Tenkanen,2' which
models the total mortality (number of deaths
divided by the person-time at risk) for persons
diagnosed with cancer, ,u, as the sum of the
known baseline mortality, p*, and the excess
mortality due to a diagnosis of cancer, v. That
is,

(1)

The subscripts indicate that the excess mor-
tality of the patients (and hence their total
mortality) depends on region (r), age (i), sex
(s), and follow up interval (j). The baseline
mortality depends on age, sex, and possibly
region. The model was fitted individually to
each of the 12 cancer sites in each of the four
countries using the predictor variables region,
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age, sex, and an age by follow up interaction
term (for the first five years of follow up only).
The age variable contained three levels and
was defined separately for each site. Each region
was represented by a dummy variable in the
regression model and an estimate ofthe relative
risk of excess mortality due to cancer was ob-
tained for each region. The age by follow up
interaction term was required in order to obtain
an acceptable fit to the data and indicates that
the age specific hazards are non-proportional
for the first five years of follow up.
The excess mortality component is assumed

to be a multiplicative function ofthe covariates,
such that

Vi=ep(B reg+ #B age + # sex+ fl ige.ful)) 2v,,:--. e p l i(2)

The individual model parameters (the fl's)
are interpreted as log relative risks of excess
mortality due to cancer. As such, the relative
risk of excess mortality due to cancer for res-
idents of region r is given by RRr= exp(flr),
where the superscript reg has been omitted for
simplicity. Mortality after t years of follow up,
ji (t), is directly related to the survival rate
S(t) through S(t) = exp [ -p (t) ]. The annual
(interval specific) relative survival ratio for fol-
low up interval j (and other covariates at levels
r, i, and s) is given by

r,jsj= exp( V,i,j) (3)

Estimated regioR specific relative risks for
Sweden, given by RR,= exp(,Br), where fr is the
estimate for frs are presented in figure 1 as an
example. A relative risk of 1.4 for a given region
indicates that the risk ofdeath due to the cancer

in question is 1.4 times higher in that region
than it is according to the average of all region
specific excess mortalities. Each relative risk
represents the ratio of the risks of cancer mor-
tality after correcting for mortality due to other
causes.

EXPECTED SURVIVAL
The relative survival ratio (also called the rel-
ative survival rate) at time t is the ratio of the
observed survival of the cases to the expected
survival for a comparable group in the general
population. That is, r(t) = S(t)/S*(t), where
S(t)=exp[-,u(t)] and S*(t)=exp[-,u*(t)].
Hence for the current model (1), we have r(t) =
exp[-,u(t)+u*(t)]=exp[-v(t)], where r(t),
,u(t), ,u*(t), and v(t) are assumed to be constant
for all values of t within each annual follow up
intervalj and subscripts for the other covariates
are omitted.
When conducting a relative survival analysis,

it is standard practice to estimate the expected
survival rate S*(t) using age/sex specific mor-
tality tables for the entire (nationwide) popu-
lation. We would not expect the baseline
mortality to be identical in all regions, so using
nationwide life tables to estimate the expected
survival will create bias. This bias is not of
great concern when analysing nationwide data
but may be important when we wish to estimate
survival in individual regions or social class
groups.

In order to study the effect of this bias, we
calculated expected survival for the Finnish
and Swedish material using region specific
population life tables. In addition, we also es-
timated the expected survival for Finland using
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social class specific life tables. The differences
between these three methods of estimating the
expected survival and the effect on the final
results were studied. For the Norwegian and
Danish material, we had no option other than
using nationwide life tables to calculate ex-
pected survival. The additional analyses for
Finland and Sweden were used to assess the
magnitude of the bias due to using nationwide
life tables.

STEP 2: ESTIMATING THE SYSTEMATIC
COMPONENT OF REGIONAL VARIATION
The estimates presented in figure 1 are un-
biased estimates of the effect of living in each
region and, like all estimates, are subject to
random variation. For any given cancer site in
figure 1, it is possible that all of the observed
variation among the region specific estimates
is due to random variation, or it may be due
to a combination of random variation and sys-
tematic differences in relative survival between
the regions. It is possible to estimate the mag-
nitude ofthe expected random variation, which
depends on the number of cases and the sur-
vival rate. We developed an estimator V to
estimate the magnitude of the systematic
regional variation in survival by subtracting the
estimated random variation from the observed
variation in the estimates bl, ..., b, An ap-
pendix contains mathematical details of V,
which is an estimator for

p_ I (flr wf)2
r=l

the variance of the ensemble of true regional
effects. The value of Vwill be zero (or negative)
if no systematic regional variation in survival
exists and will increase in magnitude as the
level of systematic variation increases.
As was noted earlier, the estimated region

specific relative risks presented in figure 1 are
subject to both systematic and random vari-
ation. It is possible to calculate new estimates,
so called second stage estimates (or shrinkage
estimates), which differ solely due to systematic
regional variation. That is, the estimates are
adjusted to remove the effect of random vari-
ation. Second stage estimates were calculated
by shrinking the crude relative risks towards
the mean value (RR= 1) such that the amount
of variation in the second stage estimates was
equal to the estimated level of systematic
regional variation in survival estimated by V A
linear shrinkage of the form b* = Obr was used,
where br is the original (crude) estimate and b*r
the second stage estimate for region r= 1, . . .,
p. Since var(b*) =02 var(b) we have 0 =(VIS2),
where S2 is the sample variance of the ensemble
of parameter estimates. If Vs< 0 then b* = 0 for
all regions, otherwise b* =- br is the second
stage estimate of fir and exp(b*) is the second
stage estimate of the relative risk.

STEP 3: POTENTIAL MORTALITY SAVINGS
We can use V to identify those cancer sites that
exhibit systematic regional variation (the larger

the value of V, the larger the systematic vari-
ation), but it is difficult to grasp the practical
implications ofa given value of V By estimating
the number of deaths "saved" by eliminating
any regional variation in survival, we are able
to present results with a more concrete in-
terpretation. The number of cancer deaths
(deaths attributable to cancer) in an interval is
defined as the number of deaths in the interval
minus the number of expected deaths ac-
cording to mortality in a comparable group in
the general population. We define the number
of deaths "saved" by removing regional vari-
ation in survival as the reduction in the number
of cancer deaths during the first 10 years of
follow up (15 years for breast cancer). The
longer time frame was used for breast cancer
because a significant number of breast cancer
deaths occur in the period 10-15 years after
diagnosis.24
Applying equations (2) and (3) to the es-

timated parameters from the regression model,
it is a simple matter to estimate the relative
survival ratio and the predicted number of
deaths due to cancer for any combination of
age, sex, and follow up year. The number of
cancer deaths across all regions in follow up
interval j (and given levels of age and sex) is
then defined as the number of deaths in the
interval minus the number of expected deaths
according to mortality in a comparable group
in the general population and is given by

(4)

where rj is the (model based) interval specific
annual relative survival ratio (for given levels
of age and sex), lj is the number alive at the
start of follow up interval j, and p*' is the
expected survival probability, taken from age/
sex specific population life tables.
The number of cancer deaths was calculated

for each follow up year and summed across the
first 10 follow up years (15 for breast cancer)
to obtain an estimate of the total number of
cancer deaths for each country, age group, and
sex. The number of cancer deaths was then
recalculated under the assumption that any
existing systematic regional variations were
eliminated and relative survival in all regions
was equivalent to what would be expected if
everyone received the same level of effective
care. The percentage difference between these
two quantities is an estimate of the percentage
of cancer deaths potentially "savable" by re-
moving systematic regional variation in sur-
vival. A percentage equal to 0.0% indicates that
there was no evidence of systematic regional
variation in survival so no deaths can be saved
by eliminating such variation. A percentage of,
say, 1.6% indicates that eliminating regional
variation in survival would save an estimated
1.6% of cancer deaths. In calculating these
percentages, it was assumed that everyone
could be followed up for at least 10 years (15
years for breast cancer) in order to eliminate
any potential bias due to differential withdrawal
patterns.
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The excess mortality under the assumption
that everyone receives the same level of effective
care (no regional variation in survival) is given
by

v-Kew .vj for j=1, 5new= s
Vrisj=(5

ns
for j>5(5

where vn5 is the model based estimate of the
excess cancer mortality for age i, sex s, and
follow up interval j averaged over all regions
and RRECw is the estimated relative risk re-
flecting the reduction in excess mortality we
would observe if there was no regional variation
in survival and everyone received the same level
of effective care. Estimation of vn,3 is carried
out by fitting a model without region. There
was no evidence of regional variation in survival
in follow up intervals 6-15 so we assumed
the excess mortality due to cancer would be
unchanged after the fifth year of follow up.
The central issue in estimating the per-

centage of potentially savable deaths is how to
estimate RRRflCw =exp(/#new). Simply assuming
that every region will attain the same relative
survival ratio as the best (or even second best)
region is not appropriate since these estimates
are subject to random variation. The estimate
V represents the estimated variance of the en-
semble of region specific parameters (log rel-
ative risks). If we assume that this ensemble is
a sample from a normal distribution, then 95%
of the parameters should lie in the interval
(-1.961/[V], 1.961/[V]) and hence 95%
of the relative risks in the interval
(exp(- 1.96E/[V]), exp(1.96,/[V])). We used
RlEeW=exp(-1.96,/[V]) as the relative risk
estimate corresponding to effective treatment
and assumed that all regions would obtain
this level if regional variation in survival were
eliminated.
The percentages ofpotentially savable cancer

deaths were then applied to the CiN lb2 pre-
dictions of the number of cancer deaths for
the period 2008-12 in order to estimate the
number of potentially savable deaths during
2008-12. This time period was used since
incidence and mortality predictions have pre-
viously been made for it.' 2

In the CiN lb project, predictions of the
numbers of cancer deaths for the period
2008-12 were adjusted for time trends in excess
mortality where appropriate. If these trends are
attributable to trends in the level of regional
variation, our method for estimating the num-
ber of savable deaths may be erroneous, since
the CiN lb prediction of the number of cancer
deaths during 2008-12 has already been (at
least partially) adjusted for changes in the level
of regional variation. To investigate if this was
a problem we instead predicted the number
of cancer deaths during 2008-12 under the
assumption that excess mortality rates re-
mained unchanged over time while making use
of previously predicted changes in incidence
rates and population distribution. The results
obtained were very similar for the two methods
so we decided to use the CiN lb predictions
for the number of deaths during 2008-12 since

the results obtained from this method have a
more straightforward interpretation and were
more relevant to the CiN project.

SOCIAL CLASS VARIATION
Cancer survival for many sites in Finland has
been shown to depend on social class.2526 Each
case in the Finnish material contained a meas-
ure of social class, based on occupational class,
obtained from the 1970 population census by
record linkage using the unique personal iden-
tification number allocated since 1967 to all
Finnish residents. The social class variable con-
tained six levels as defined by Valkonen et al;27
namely professional and higher administration,
lower administration, skilled workers, unskilled
workers, farmers, and others. These social class
categories were also used to construct the social
class specific population life tables for Finland.
The aim of the social class analysis was to

estimate the potential mortality savings ifevery-
one had the same survival as the highest social
class (professional and higher administration).
The analysis proceeded identically to the
regional analysis up to the stage where equation
(5) was applied to estimate the excess cancer
mortality under the assumption that every re-
gion received the same level of effective care
(no regional variation in survival). The next
step in the social class analysis was more
straightforward, we re-estimated the number
of deaths under the assumption that everyone
had the same relative survival as the highest
social class and estimated the potential savings
in deaths under this assumption.

Results
EXPECTED MORTALITY
There were small differences in the estimated
relative survival ratios (RSRs) calculated using
the three different baseline mortality tables (na-
tionwide, region specific, and social class spe-
cific) for calculating expected mortality. These
differences were not large enough to cause
concern about using nationwide life tables for
calculating expected survival. For example,
breast cancer is more common in the upper
social classes so we would expect the estimated
RSR for breast cancer using the social class life
table to be less than the RSR estimated using
the general life table. The five year relative
survival ratio for all 14 216 breast cancer cases
in Finland was 0.744 using the region specific
life table, 0.743 using the social class specific
life table, and 0.745 using the general popu-
lation life table. The corresponding RSRs for
the 1439 cases diagnosed in the highest social
class were 0.797, 0.786, and 0.797, re-
spectively. These differences due to using
different population life tables were minor
when compared to the differences in RSRs
between the regions or between the social
classes. Relative survival ratios for all breast
cancer cases (not adjusted for age and sex)
ranged from 0.70 to 0.80 across the social
classes and from 0.69 to 0.81 across the regions.
We therefore had no serious concerns in using
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Figure 2: Crude and shrunken region specific estimates of the relative risk of excess mortality due to cancer in relation to
site for 24 regions in Sweden, 1977-91. Estimates are from the regression model controlling for age, sex, follow up, and
an age* follow up interaction. (Values of exp(- 1.961[V]) and exp(l. 961/[V]) are represented by *.)

the general population life tables to estimate
relative survival for regions and social class
groups within each country.

REGIONAL VARIATION
Detailed results for Sweden are presented in
figure 2 and table 3. The open circles (0) in
figure 2 represent the crude estimates of the
relative risks of excess mortality due to cancer

and are identical to those presented in figure
1. The closed circles (0) represent the second
stage estimates of the relative risks, shrunken
such that the amount of variation in these
estimates is equal to the estimated level of
systematic regional variation in survival es-

timated by V The estimated numbers of saved
deaths are calculated under the assumption
that on removing systematic regional variation
in survival, all regions will have the same

Table 3 Significance of the region term in the regression model, variation in the crude
estimate (sD), estimated V total cancer deaths (CiN lb prediction2), and number and
percentage ofpotentially savable cancer deaths in Sweden, 2008-12 due to removing
regzonal variation in survival

Site Pt s2 V Total Savable %
deaths deaths

Melanoma 0.00 731 507 2317 408 17.6
Prostate 0.00 141 105 12 449 390 3.1
Colon 0.00 91 66 7699 382 5.0
Breast 0.00 96 46 10 809 284 2.6
Lung, trachea 0.00 57 37 16 576 249 1.5
Urinary bladder 0.02 130 38 4457 149 3.3
Rectum 0.03 59 20 5053 127 2.5
Stomach 0.00 28 17 5385 74 1.4
Corpus uteri 0.00 504 244 1401 16 1.1
Larynx 0.19 610 -486 479 0 0.0
Cervix uteri 0.60 166 -42 795 0 0.0
Kidney 0.71 34 -17 3980 0 0.0
Total 71 400 2079 2.9

t p value is based on comparing the change in deviance on removing the region term from the
model to a %2 distribution with 23 df.

(effective care) relative risk, equal to RR,W =
exp(- 1.96,1[V]), which is represented by the
lower of the two stars in figure 2.
There was no evidence of systematic regional

variation in survival for cancers of the larynx,
cervix, and kidney as indicated by a negative
value of V The second stage estimates of the
relative risks for these sites are therefore all
equal to one (fig 2). Cancer of the larynx
initially appeared to exhibit the highest level of
regional variation in survival, but this was

shown to be consistent with (or even less than)
what we would expect due to random variation.

Systematic regional variation in cancer sur-

vival existed in each of the countries studied,
although the level of variation differed ac-

cording to site. All countries contained at least
one site where there was no evidence of sys-
tematic regional variation. There were only
minor differences in the results for males and
females. Eliminating regional variation in sur-

vival in all countries would save an estimated
5271 (2.5%) cancer deaths in the 12 study sites
during the five year period 2008-12 (table 4).
The corresponding number ofdeaths was 1282
(2.1 %) for Denmark, 1185 (2.9%) for Finland,
724 (1.9%) for Norway, and 2079 (2.9%) for
Sweden.
The sites in which the highest number of

deaths could be saved are prostate, colon,
melanoma, and breast (table 4). The largest
percentage savings could be achieved for
melanoma (11%) and cervix uteri (6%). Al-
though the total percentage of savable deaths
was similar for each country, there were differ-
ences between the countries within each site.
No one country, however, was systematically
higher or lower than the others. The differences
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Table 4 Total cancer deaths (CiN lb prediction2) and
number and percentage ofpotentially savable cancer
deaths during 2008-12 due to removing regional variation
in survival (all countries)

Site Total Savable %
deaths deaths

Prostate 29 510 961 3.3
Colon 24 331 846 3.5
Melanoma 6132 709 11.6
Breast 32 011 708 2.2
Lung, trachea 59 285 535 0.9
Rectum 14 450 483 3.3
Urinary bladder 12 465 409 3.3
Stomach 15 713 210 1.3
Cervix uteri 2255 137 6.1
Corpus uteri 3920 120 3.1
Larynx 1830 80 4.4
Kidney 11 344 73 0.6
Total 213 246 5271 2.5

Table S Colon cancer: number (%/6) ofpotentially savable
cancer deaths during 2008-12 due to removing regional
variation in survival

Country Savable deaths

Males Females

Denmark 101 (2.9) 151 (3.8)
Finland 84 (4.4) 96 (4.6)
Norway 13 (0.5) 18 (0.7)
Sweden 166 (4.4) 217 (5.5)
Total 363 (3.15) 482 (3.8)

Table 6 Number and percentage ofpotentially savable
cancer deaths during 2008-12 obtained by eliminating
regional and social class variation in cancer survival in
Finland

Site Region Social class

Savable % Savable %
deaths deaths

Stomach 88 2.0 167 3.9
Colon 180 4.5 101 2.5
Rectum 137 6.5 138 6.5
Larynx 5 1.8 27 8.7
Lung, trachea 71 0.6 0 0
Breast 187 2.7 248 3.5
Cervix uteri 16 9.1 21 11.6
Corpus uteri 30 3.5 147 17.5
Prostate 173 3.3 57 1.1
Kidney 0 0.0 78 2.6
Urinary bladder 65 4.3 137 9.0
Melanoma 231 24.3 95 10.1
Total 1185 2.9 1217 3.0

between countries for colon cancer (table 5)
are shown as an example. A complete set of
results is available from the authors upon re-

quest.

SOCIAL CLASS VARIATION

Eliminating social class variation in Finland
will save an estimated 2.9% of cancer deaths
during 2008-12. The savings are similar to
those obtainable by eliminating regional vari-
ation, with the exceptions being cancer of the
corpus uteri and melanoma (table 6). We would
expect the results to be somewhat similar since
there is an association between social class and
region of residence. For melanoma there are

greater differences in survival between regions
than can be ascribed to social class differences
and for corpus uteri the opposite is true. This
implies cancer control strategies are important
for melanoma at the regional level, while cancer

of the corpus uteri requires strategies aimed at
lower social classes

Discussion
The study objective was to examine equity in
the health system by estimating the magnitude
of systematic regional and social class variation
in cancer survival. The results indicate that
systematic regional variation (and hence in-
equity) exists in each of the countries studied.
Results have been presented primarily in terms
of the number of cancer deaths which could
be saved by removing such variation. It is
unlikely that regional variation in survival will
be eliminated in the near future such that
all regions obtain the "effective care"" relative
survival ratio assumed in the calculations. This
is not to say, however, that the assumed "effect-
ive care" relative survival ratio is an un-
reasonable goal, since it has already been
achieved by some regions for every site. The
estimated number of savable deaths provides a
ready method of quantifying the amount of
systematic variation, thereby enabling iden-
tification of those sites where cancer control
programmes may be most effective.
Note that we are not concerned with high-

lighting individual regions with high or low
survival, but rather in finding the magnitude
of the systematic variation in survival across all
regions. It is for this reason that individual
regions have not been identified in figure 1. It
is possible to assess the statistical significance
of the regional variation using the change in
deviance when the region term is omitted from
the regression model.23 The regional effect is
almost always significant due to the large num-
ber of regions and the large sample size so we
learn little from this test (table 3). The level of
statistical significance is dependent on sample
size so cannot be used to rank the sites in terms
of the level of systematic regional variation, as
can be done with the statistic V
There was a weak association between the

relative survival ratio and the amount of
regional variation in the 12 sites-sites with
high relative survival generally had higher levels
of regional variation. We could not, however,
find any systematic pattern to explain why
the level of regional variation differed between
countries within each site. It may have been
thought that, within a given site, the country
with the highest survival may have a higher
level of systematic regional variation but this
was not the case. There was no association
between the level of survival and the level of
regional variation for the four countries within
each site.

Potential bias due to regional differences in
lead time was minimised by calculating the
number of saved deaths from life tables cov-
ering long follow up intervals (10 or 15 years).
This long follow up will not, however, over-
come potential problems due to differential
over diagnosis. If a particular cancer were, for
example, over diagnosed in the higher social
classes, these social classes would exhibit a
higher incidence due to the over diagnosis and
superior survival due to increased lead time.28
It would not be possible to raise the survival
of the entire population to this level of survival
since the level is somewhat artificial.
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Cases were excluded from the analysis if
the diagnosis was first made at autopsy or if
information was available from DCO. DCO
cases are not included in data maintained by
the Swedish cancer registry so were excluded
from all data in order to maintain com-
parability. The effect of DCO cases on survival
is not well defined and requires an under-
standing ofthe mechanism by which these cases
are generated.29 It is generally accepted that if
the true diagnosis dates of all DCO cases were
known, the survival time of these cases would
be considerably less than that of the "non-
DCO" cases. Pollock and Vickers30 showed this
empirically by tracing the true diagnosis dates
ofDCO registered cases in south east England.
The percentage of DCO cases in a given

region depends upon the effectiveness of diag-
nostic, detection, and reporting procedures and
the effectiveness ofretrospective follow up (also
called follow back) at the cancer registry. Re-
gions with ineffective diagnostic, reporting, and
retrospective follow up systems will generally
have a higher proportion of DCO and autopsy
cases (which have zero survival time) and a
correspondingly lower proportion of cases with
low survival times. Survival rates for such re-
gions will be overestimated (compared to sur-
vival rates for other regions) if DCO and
autopsy cases are excluded but underestimated
if these cases are included in the analysis. The
main issue, therefore, is not whether DCO and
autopsy cases are included or excluded from
an analysis but whether these cases are evenly
distributed across regions. Examination of the
regional distribution ofDCO and autopsy cases
showed no evidence of regional heterogeneity.
To test further the effect of excluding these
cases, the data were analysed without ex-
clusions (apart from those cases where region
of residence was not known). The estimated
level of regional variation did not depend on
whether or not cases were excluded. There
were differences in the DCO rates between the
four countries (table 2) although this will not
affect the results since the analysis was con-
ducted separately for each country.

Neither stage of disease at diagnosis nor year
of diagnosis were included in the regression
model. Stage is, of course, an important pre-
dictor of survival for all cancers, but it is not,
however, justifiable to adjust survival rates for
stage if the aim is to study the effect of the
health care system on cancer survival.22 If we
assume that stage depends mainly on diagnostic
delay, stage is not a confounding factor but
rather an outcome variable of interest (i.e. a
chain in the causal link).

Year of diagnosis is a predictor of survival
for many cancers but the amount of regional
variation in survival is not heavily dependent on
year of diagnosis. We fitted models containing
predictor variables for year of diagnosis (two
levels) and a year of diagnosis by region inter-
action term to all 12 sites for Finland and
Sweden. As expected, year of diagnosis was
statistically significant for nine of the 12 sites
for both countries. It was not statistically sig-
nificant for cancers of the larynx, lung, cervix
uteri (Sweden), and corpus uteri (Finland).

The year by region interaction was significant
in four of the 12 sites for each country, namely
cancers of the stomach, colon, prostate, and
kidney for Finland and cancers of the larynx,
lung, female breast, and prostate for Sweden.
Including these additional terms in the model
had little effect of the estimates of regional
variation, even for the sites where the year
by region interaction term was significant. We
decided to report the results using models with-
out year of diagnosis as we wanted to minimise
the number of strata in order to estimate the
regional differences as efficiently as possible.

It must be noted that although the lack of
regional variation in survival for a given cancer
site is a positive indicator, it does not mean
that survival cannot be improved. It is quite
possible for a given country to have the lowest
amount of regional variation in survival com-
pared to other countries yet have the worst
survival, or vice versa. The presence of regional
variation is an indicator of possible inequity,
which points towards a potential for im-
provement in survival. The absence of regional
variation does not necessarily preclude the pos-
sibility of improving survival, but it may be
more effective to initially focus on those cancers
where regional variation exists.
The Nordic countries offer unique op-

portunities for conducting this type of research
due to the high quality of the cancer registry
data and the existence of civil registration sys-
tems which enable linking ofthe cancer registry
database to obtain individual patient level in-
formation on education, occupation, and social
class. This makes the Nordic countries an ideal
platform for developing and testing the current
methodology. The Nordic countries are jus-
tifiably proud of their health care systems, in-
cluding the access to and quality of care
available to all inhabitants. One concern at the
start of this study was that we would not find
any regional variation and would not be able
to test the methodology properly, but this has
not been the case.
The ability to study regional and social class

variation in survival will greatly facilitate the
evaluation of cancer control. The results from
this study enable the identification of sites
where variation, and hence possible inequity
exists. These sites should be further studied in
an effort to understand the underlying causes
of the variation, followed by cancer control
programmes to reduce the variation. The
methodology developed for use in this study
can be applied to future data in order to study
changes in the level of regional variation over
time.
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Appendix
THE VARIABILITY INDEX V
Let fi = [f fl,*2. . .flP] represent the regional
log relative risk of excess mortality corrected
for age, sex, and follow up time for the p regions
and b = [b,, b2, . . ., bp] be an estimator of fi
with fixed but unknown covariance matrix W.
Our aim is to use the regression model2' to

estimate the amount of systematic variation in
the fixed effects ,B.

The estimated parameters are a realisation
of b, with estimated covariance matrix W. The
same notation is used for the estimators and
the estimates, namely, b,, b2, . . ., bp. Maximum
likelihood estimation is used (using GLIM3)
so b is an asymptotically unbiased estimator of
.
We chose the parameter

=2 1

E (fir-/f)2
r= I

where
p

r= I

as the measure of the systematic regional vari-
ation and it is this parameter we wish to es-
timate. In effect, we are assuming that the
ensemble of parameters fi', . . ., ,,p has a prior
distribution with variance a' and we wish to
estimate U2 . No assumptions are made about
the form of the prior distribution. For the
current application we have forced the mean
of the firs to zero so that the parameters have
a ready interpretation but this property is not
required in general.
An unbiased estimator for C2 is given by V=

sb- VI +V2, where

sb2 I E"(br_ b)2

is the sample variance of the ensemble of es-
timates;

V, =-Evar(br)
p r=

is the average of the variances of the estimators;
and

2
V2 = ( - > cov(b, b5)

is the average of the covariances of the es-
timators.
We do not know V, and V2 so these must be

estimated from the data. 17 is estimated by the
avAerage variance of the parameter estimates
(V,) and V2 is estimated by the av,erage co-
variance of the parameter estimates (142), which
are estimated by GLIM using the estimated
expected information matrix.

If there is no systematic regional variation in
survival between the regions (m2 = 0), then
E(V) =0 and the estimate for U2 can be either
negative or positive. If regional variation does
exist (.r2>0), then E(V)>O and the estimate is
less likely to be negative. A negative estimate
for r2 means that we have observed less vari-
ation than would be expected due to chance
so we conclude that there is no evidence of
systematic variation.
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