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Abstract
Study objectives—Estimation of cancer
patient survival by social class has been
performed using observed, corrected
(cause specific), and relative (with ex-
pected survival based on the national
population) survival rates. Each of these
measures are potentially biased and the
optimal method is to calculate relative
survival rates using social class specific
death rates to estimate expected survival.
This study determined the degree to
which the choice of survival measure
aVects the estimation of social class
diVerences in cancer patient survival.
Setting and participants—All Finnish
residents diagnosed with at least one of 10
common malignant neoplasms during the
period 1977–1985 were identified from the
Finnish Cancer Registry and followed up
for deaths to the end of 1992.
Design—Survival rates were calculated by
site, sex, and age at 5, 10, and 15 years
subsequent to diagnosis for each of three
measures of survival; relative survival,
corrected (cause specific) survival, and
relative survival adjusted for social class
diVerences in general mortality.
Regression models were fitted to each set
of rates for the first five years of follow up.
Main results—The degree of variation in
relative survival resulting from social
class decreased, although did not disap-
pear, after controlling for social class
diVerences in general mortality. The re-
sults obtained using corrected survival
were close to those obtained using relative
survival with a social class correction. The
diVerences between the three measures
were largest when the proportion of
deaths from other causes was large, for
example, in cancers with high survival,
among older patients, and for longer
follow up times.
Conclusions—Although each of the three
measures gave comparable results, it is
recommended that relative survival rates
are used with expected survival adjusted
for social class when studying social class
variation in cancer patient survival. If this
is not an available option, it is recom-
mended that corrected survival rates are
used. Relative survival rates without the
social class correction overestimate social
class diVerences and should be used with
caution.
(J Epidemiol Community Health 1998;52:727–734)

Social class has been shown to be associated
with survival time following a diagnosis of
cancer,1–27 cardiovascular disease,28 29 and
HIV/AIDS30–32 (among other diseases). Social
class diVerences have been studied most exten-
sively among cancer patients, the first reports
dating back to the 1950s33–35 and later research
conducted in the USA,8 21 26 27 Europe,1 2 6 7 12

Japan,9 and Australia.23 Although results have
been somewhat conflicting, the largest
population-based studies have reported social
class diVerences in survival for several, but not
all, types of cancer. Some of the discrepancies
between results are probably real, but it is pos-
sible that some results may be biased because
of methodological limitations.

The two main methodological limitations
that may bias social class comparisons of
survival are the choice of the measure of social
class and the method used for estimating
survival. In this paper we will concentrate on
the second factor. The three broad methods for
estimating cancer patient survival with long
term follow up are observed survival rates
(OSR), corrected (cause specific) survival rates
(CSR), and relative survival rates (RSR).36–39

Each of these measures have been applied to
studies of cancer patient survival by social
class.

Relative survival has become the preferred
measure of survival for cancer patients with
long term follow up. One advantage of this
measure is that information on cause of death
is not required, thereby circumventing prob-
lems with inaccuracy40 41 or non-availability of
death certificates. The RSR is defined as the
observed survival in the patient group divided
by the expected survival of a comparable
group from the general population.42 It is usual
to estimate the expected survival from nation-
wide population life tables stratified by age,
sex, calendar time, and race (where
applicable).43

Large studies from the USA,44 UK,45–49

Finland50 and other countries have demon-
strated unequivocally that all cause mortality is
higher among lower social classes. Thus, RSRs
(with expected survival based on the national
population) tend to overestimate social class
diVerences in cancer patient survival. RSRs for
lower social classes are underestimated because
they experience a higher general (all cause)
mortality than the general population, while
the RSRs for the upper social classes are over-
estimated.
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In an attempt to avoid this bias, many
researchers have used corrected (cause spe-
cific) survival rates, which take only deaths
from the cancer in question as outcome events,
while all other deaths are treated as censored
events. However, the use of CSRs requires that
reliably coded death certificates are available.
Few studies have assessed the reliability of
death certificates by social class, but it has been
suggested that the accuracy of death certifi-
cates diVers according to social class.51 This
probably leads to underestimation of social
class diVerences in survival. The use of CSRs is
also problematic because it is sometimes diY-
cult to classify whether or not a death is
because of cancer. For example, treatment
complications may contribute to a patient’s
death without being the primary cause of
death. Similarly, if a cancer patient has
committed suicide, it is not clear whether or
not to classify the death as being because of
cancer. The use of RSRs avoids these problems
by measuring the total excess mortality follow-
ing a diagnosis of cancer, irrespective of
whether the excess mortality is directly or indi-
rectly related to the cancer.

Thus, at present, two main approaches have
been applied to measuring social class specific
cancer patient survival, one underestimating

and the other overestimating social class diVer-
ences in patient survival. Schrijvers and
Mackenbach6 reviewed 16 large, population-
based studies that examined the association
between social class and cancer patient sur-
vival. Five of these studies used the CSR as the
measure of survival, one used the RSR (using
national mortality tables), one used both CSRs
and RSRs, one used standardised case fatality
ratios, two used observed survival rates, and it
was unclear in six studies whether a correction
for non-cancer deaths was used.

The optimal method is to calculate social
class specific RSRs using social class specific
death rates to estimate the expected survival.
This method takes into account social class
variation in mortality from other diseases, but
does not require information on causes of
death (nor does it assume equal accuracy of
that information). In this study we estimate
survival using this method and compare the
results with those from relative survival without
the social class adjustment, and corrected sur-
vival.

Methods
Case specific data were obtained from the
Finnish Cancer Registry for cases diagnosed in
10 cancer sites during the period 1971–1985
and followed up for deaths to the end of 1992
(table 1). These sites were chosen to cover a
range of cancers with varying prognoses and
primary sites with and without social class dif-
ferences in survival.1 The Finnish Cancer Reg-
istry is a nationwide, population-based registry
established in 1952. Notification of new cancer
cases is compulsory in Finland and, with the
use of unique personal identification numbers,
follow up procedures are extremely
eYcient.52 53

Information on the social class of each case
was obtained from the 1970 population census
by record linkage using the unique personal
identification number given since 1967 to every
resident of Finland.54 The social class indicator
was based on a person’s own occupation,
except for housewives, who were classified
according to their husband’s occupation. Re-
tired persons were classified according to their
previous occupation. The classification con-
sisted of four groups: I (highest) included
employers and higher administrative person-
nel, II consisted of lower administrative per-
sonnel and self employed persons, III of skilled
workers, and IV (lowest) of unskilled
workers.55 56 Farmers (26 517 cases) were not
included in the study, neither were those with
unknown social class (6763 cases). The group
of persons with unknown social class consisted
mainly of census non-responders and retired
persons whose previous occupation was un-
known. Farmers were excluded because this
group is heterogeneous with respect to social
class. In descriptive studies of survival by social
class it is common to classify farmers to a social
class based on, for example, farm size. As the
main objective of this study is to investigate the
performance of various measures of survival we
preferred not to do this.

Table 1 Number and percentage of cases in the study population, and five year relative
survival rates (SRSR) for each site and social class

Site
Social
class

Men Women

No % SRSR No % SRSR

Stomach I 617 9 0.18 456 8 0.21
II 1283 19 0.18 1537 28 0.19
III 3471 52 0.18 2119 39 0.17
IV 1307 20 0.12 1389 25 0.15

Rectum I 344 12 0.50 315 11 0.57
II 699 25 0.44 887 31 0.48
III 1285 47 0.42 1017 36 0.42
IV 428 16 0.33 644 22 0.36

Pancreas I 368 13 0.01 314 11 0.01
II 635 23 0.02 879 31 0.02
III 1313 47 0.02 990 35 0.01
IV 485 17 0.02 681 24 0.01

Lung, trachea I 948 6 0.09 204 10 0.12
II 2547 17 0.11 610 31 0.11
III 8242 53 0.08 708 36 0.10
IV 3684 24 0.07 421 22 0.07

Breast I 2499 14 0.77
II 7153 40 0.74
III 5543 31 0.71
IV 2662 15 0.69

Cervix uteri I 172 7 0.72
II 746 30 0.63
III 971 39 0.67
IV 631 25 0.57

Corpus uteri I 573 13 0.81
II 1611 36 0.83
III 1600 35 0.75
IV 729 16 0.74

Kidney I 385 16 0.41 240 12 0.41
II 641 26 0.36 638 33 0.44
III 1144 47 0.33 711 36 0.38
IV 276 11 0.27 369 19 0.34

Urinary bladder I 441 13 0.75 136 12 0.73
II 716 21 0.64 367 32 0.63
III 1690 49 0.64 416 36 0.60
IV 613 18 0.53 243 21 0.51

Skin (non-melanoma) I 199 15 0.86 143 10 0.91
II 316 23 0.88 436 30 0.89
III 652 48 0.90 548 37 0.86
IV 205 15 0.83 348 24 0.89

All sites I 3302 9 5052 12
II 6837 20 14864 35
III 17797 51 14623 34
IV 6998 20 8117 19
all 34934 100 42656 100

728 Dickman, Auvinen, Voutilainen, et al

http://jech.bmj.com


Cause of death data were obtained from Sta-
tistics Finland. All cause death rates by age
(one year intervals), sex, calendar year (five
year intervals), and social class were obtained
from Statistics Finland for the Finnish popula-
tion enumerated in the the 1970 population
census. These mortality tables were required
for the estimation of expected survival to
estimate relative survival. For this study, the
social class specific population mortality tables
were constructed from individual level death
certificate data. The personal identification
number included on each death certificate was
used to link to the 1970 population census data
to establish social class. If such linkage is not
available, it is also possible to construct these
mortality tables from national all cause mor-
tality data and social class specific standardised
mortality ratios (appendix 1).

Cases diagnosed at necropsy (3% of the total
cases) were included in the study with zero
survival time. The rationale for this decision
was that social class could have contributed to
the cancer not being diagnosed earlier, during
the lifetime of the subject. This was supported
by the finding that the proportion of cases
diagnosed at necropsy was higher in the lower
social classes (ranging from 2.6% in social
classes I and II to 4.0% in social class IV). If
this is considered a bias, simply excluding these
cases will not eliminate the bias, it will only
reverse its direction. Case registrations based
on “death certificate only” (less than 1% of the
total cases) were also included in the analysis
with zero survival time using similar rationale.
The percentage of registrations based on death
certificate only was also higher in the lower

social classes (ranging from 0.3% in social
classes I and II to 0.7% in social class IV).

The statistical software package developed
by Hakulinen and Abeywickrama57 was used to
estimate three diVerent sets of survival rates for
annual intervals up to 15 years of follow up;
CSRs, RSRs using nationwide expected sur-
vival rates (which we will abbreviate to NRSR),
and RSRs using social class specific expected
survival rates (SRSR). When estimating the
CSR, only deaths from the cancer in question
are classified as outcome events, while all other
deaths are treated as censored events. Life table
regression models58 were fitted to the first five
years of annual follow up using the GLIM sta-
tistical package.59 This provided estimates of
the relative risk of excess mortality resulting
from cancer for each social class compared
with the reference group (social class IV)
corrected for age, sex, follow up, and an age by
follow up interaction. The age by follow up
interaction term was required 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.

Results
Social class diVerences in survival were ob-
served using all three approaches (NRSR,
SRSR, and CSR), with the highest social
classes having superior survival for most cancer
types. Trends in survival across social class
were consistent for each of the three measures.
That is, if the NRSR survival was best for social
class I, followed by II, III, and IV, then this
trend was usually seen in the SRSR and the
CSR. There were, however, diVerences

Table 2 Male rectal cancer. Age specific number of cases and relative survival rates calculated after 5, 10, and 15 years of follow up for each of the three
measures. NRSRs are presented along with the diVerence between the NRSR and the other two measures

5 year survival 10 year survival 15 year survival

Social class Age No NRSR
SRSR-
NRSR

CSR-
NRSR NRSR

SRSR-
NRSR

CSR-
NRSR NRSR

SRSR-
NRSR

CSR-
NRSR

I 0–49 32 54.8 −0.6 0.1 47.2 −1.2 −1.9 41.7 −1.8 3.5
I 50–64 109 56.3 −1.6 0.3 46.0 −2.9 3.0 46.8 −5.1 −1.9
I 65+ 203 48.6 −3.5 −9.6 41.7 −6.1 −10.7 63.4 −14.6 −32.5
II 0–49 65 47.5 −0.2 1.4 36.5 −0.4 1.2 38.6 −0.7 −1.0
II 50–64 223 46.3 −0.6 −0.6 46.0 −1.4 −3.0 41.3 −2.0 −0.2
II 65+ 411 42.4 −1.3 −5.8 38.7 −2.5 −8.5 31.9 −3.6 −5.7
III 0–49 100 48.5 0.1 1.3 40.5 0.1 3.9 41.2 0.3 3.2
III 50–64 414 46.0 0.3 1.3 36.8 0.6 1.4 31.1 0.9 5.7
III 65+ 771 36.7 0.9 −4.1 34.6 2.0 −6.2 30.1 3.0 −4.7
IV 0–49 24 34.5 0.9 0.7 31.6 1.8 −0.8 20.2 2.0 10.5
IV 50–64 91 31.2 1.8 4.5 26.7 3.5 1.4 22.2 5.1 4.2
IV 65+ 313 30.6 2.8 −1.3 24.6 5.3 −2.2 13.6 5.4 4.6

Table 3 Female breast cancer. Age specific number of cases and relative survival rates calculated after 5, 10, and 15 years of follow up for each of the three
measures. NRSRs are presented along with the diVerence between the NRSR and the other two measures

Social class Age No

5 year survival 10 year survival 15 year survival

NRSR
SRSR-
NRSR

CSR-
NRSR NRSR

SRSR-
NRSR

CSR-
NRSR NRSR

SRSR-
NRSR

CSR-
NRSR

I 0–49 730 78.4 −0.1 0.2 68.6 −0.3 1.3 62.0 −0.6 1.2
I 50–64 932 77.3 −0.6 −0.5 64.2 −1.2 −0.1 57.9 −2.2 0.6
I 65+ 837 78.4 −3.0 −5.5 66.0 −5.3 −6.2 57.9 −7.6 −6.4
II 0–49 2347 77.4 −0.1 0.1 65.9 −0.1 0.9 59.6 −0.2 2.0
II 50–64 2564 73.1 −0.2 1.3 60.1 −0.5 1.6 50.7 −0.9 4.3
II 65+ 2242 72.0 −1.8 −0.7 56.5 −2.9 1.3 51.1 −4.0 −0.9
III 0–49 1321 75.2 0.0 0.5 62.6 0.1 1.3 57.8 0.2 3.0
III 50–64 1809 68.9 0.2 1.8 54.6 0.3 4.1 45.8 0.5 5.3
III 65+ 2413 68.3 0.2 0.8 50.5 0.7 4.1 39.7 1.4 7.0
IV 0–49 403 75.5 0.2 1.1 65.0 0.4 1.4 59.5 0.7 1.1
IV 50–64 890 69.0 0.5 0.6 55.1 0.9 1.8 43.1 1.4 6.5
IV 65+ 1369 63.0 1.9 1.8 47.7 3.4 3.7 39.0 5.2 6.6
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between the three measures and these diVer-
ences were larger when the proportion of
deaths from other causes was large, for
example, in cancers with high survival, among
older patients, and with longer follow up times
(tables 2 and 3).

Observed survival is identical for the NRSR
and the SRSR, so diVerences between these
two measures are caused solely by diVerences
in the expected survival. The SRSR is system-
atically lower than the NRSR in the upper
social classes (I and II) and higher than the

NRSR in the lower social classes (III and IV).
As the diVerences in expected survival are
larger after 10 years of follow up than five years
(and after 15 years than 10), we observe corre-
sponding diVerences in the NRSR and SRSR.
The age eVect occurs because social class
diVerences in expected survival increase with
age. Survival was generally highest in social
class I and lowest in social class IV. The NRSRs
exaggerate this diVerence because they over-
estimate the relative survival in social class I
and underestimate the relative survival in social
class IV. Hence, there is a larger amount of
social class variation in the NRSRs than in the
SRSRs.

The diVerences between the NRSRs and the
SRSRs are similar for all sites and can be
categorised systematically, as they depend
solely on diVerences in the expected survival
rates. This is not the case for the CSRs. The
CSRs were systematically higher than the
NRSRs and SRSRs in two sites (kidney and
skin), systematically lower in two sites (stom-
ach and rectum), and did not diVer systemati-
cally in the other six sites (pancreas, lung,
breast, cervix, corpus, and bladder). This same
pattern was observed for the 5 year, 10 year,
and 15 year survival rates, although the diVer-
ences between the three measures were larger
in the longer follow up periods. These three
scenarios are presented diagrammatically in
figures 1–3. It is notable in the figures that the
NRSR is higher than the SRSR in social classes
I and II but lower in social classes III and IV.
Even though the CSRs are systematically
diVerent from the SRSRs and NRSRs in
figures 1 and 2, the general trend in survival
across social class is the same for all three
measures. The site with the biggest diVerences
between the three measures was non-melanotic
skin cancer (fig 4). On examining the NRSR
estimates, it seems that social class IV has a
distinct survival disadvantage compared with
social class I but this diVerence nearly disap-
pears when the SRSR is used as the measure of
survival.

The life table regression model with predic-
tor variables social class, age, sex, follow up,
and an age by follow up interaction provided an
adequate fit to the data for all sites except
breast cancer, where the p value of the
goodness of fit test statistic (log-likelihood ratio
statistic, also called scaled deviance (D)60) was
0.03 for the NRSR, and 0.07 for the SRSR and
CSR. Adding a social class by follow up inter-
action term provided an adequate fit to the data
(D=28, df=30, p=0.57). The interaction eVect
was that social class IV had the lowest survival
in the first two years of follow up but the best
survival in follow up years 4 and 5. There were
statistically significant (p < 0.01) diVerences in
survival by social class for eight of the 10 sites
studied. The diVerences were not statistically
significant (social class was not a significant
factor in the model at the á=0.1 significance
level) for cancers of the pancreas and skin. The
statistical significance of each factor in the
model was similar for each of the three
measures of survival. As expected, the level of
social class variation in survival was smaller in

Figure 1 Female stomach cancer, social class specific five year survival rates calculated
using three diVerent measures of survival.
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Figure 2 Female kidney cancer, social class specific five year survival rates calculated
using three diVerent measures of survival.
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Figure 3 Cervical cancer, social class specific five year survival rates calculated using
three diVerent measures of survival.
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the SRSRs than the NRSRs, although social
class was still a significant factor in the model
using the SRSRs for the same eight sites.

The social class diVerences in survival
apparent in the survival rates (figures 1–4) can
also be seen in the relative risks (RRs) of excess
death resulting from a diagnosis of cancer
(table 4). Confidence intervals (CIs) are given
for the RRs based on the SRSRs to give an
indication of the level of uncertainty in the
estimated RRs. The widths of the CIs are
nearly identical for the NRSRs and the SRSRs
because the width of the CI depends on the
number of deaths and the estimated level of
survival. The CIs for the CSRs are slightly nar-
rower because the survival times for patients
dying of causes other than the cancer in ques-
tion are treated as fixed in the calculation of the
CSR when they are actually random. For most
sites there is a clear trend in the RRs, with
social class I having the best survival and social
class IV the worst. A RR of 0.7 for social class

I/IV indicates that the excess risk of death
because of cancer is 30% less in social class I
than it is in social class IV. It can also be seen
that the level of social class variation is lower
among the SRSRs than the NRSRs. For exam-
ple, the RR for social class I/IV (best/worst) is
closer to 1.0 in the SRSR analysis than the
NRSR analysis for all sites. The amount of
social class variation in the CSRs is similar to
that of the SRSRs.

Discussion
Although there have been some conflicting
studies for individual sites, it is clear that the
higher social classes have a survival advantage
for many cancers. Methodological limitations
have been listed as a possible factor contribut-
ing to these diVerences.25 61–63 The two main
methodological limitations are in the choice of
the measure of social class and the method of
estimating survival. We have used one of the
strongest possible measures of social class, a
four category scale based on individual occupa-
tion data.1 Occupation provides a sound basis
for assessing social status as it is relatively
stable over time, yet oVers more variation than
measures based on education.55 56 64 The data
maintained by the Finnish Cancer Registry are
of high quality, so are ideal for examining
diVerences between various measures of sur-
vival.

There are many factors that are thought to
contribute to the social class diVerences in
cancer patient survival. The main factors are
social class diVerences in tumour biology, and
delay in diagnosis, treatment, and host
resistance.29 Discussion of the mechanisms
leading to social class diVerences in cancer
patient survival is, however, outside the scope
of this paper. Detailed coverage of this topic
can be found in many other sources.1 10 29 62 65 66

Each of the survival measures presented in
this paper adjusts the observed survival rate to
reflect true social class diVerences in cancer
patient survival. To eVectively interpret the
results, one must understand what adjustments
are being made and any factors that may bias
the results. The NRSRs are adjusted for the
expected survival of a comparable group in the
general population stratified by age, sex, and
calendar period of diagnosis. Social class

Figure 4 Male skin cancer (non-melanoma), social class specific five year survival rates
calculated using three diVerent measures of survival.
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Table 4 Estimated relative risks of excess mortality because of cancer for models fitted to
each of the three measures of survival along with 95% confidence intervals for the relative
risk based on the SRSR. Estimates are from the model containing follow up time, social
class, sex (where applicable), age, and an age by follow up interaction

Site Parameter CSR NRSR SRSR 95% CI

Stomach I/IV 0.78 0.76 0.79 (0.72,0.86)
II/IV 0.86 0.86 0.87 (0.81,0.93)
III/IV 0.90 0.89 0.90 (0.85,0.96)

Rectum I/IV 0.64 0.57 0.62 (0.53,0.72)
II/IV 0.76 0.68 0.72 (0.64,0.81)
III/IV 0.85 0.80 0.82 (0.74,0.90)

Pancreas I/IV 0.90 0.89 0.90 (0.79,1.01)
II/IV 0.99 0.99 1.00 (0.90,1.10)
III/IV 0.98 0.98 0.98 (0.89,1.08)

Lung, trachea I/IV 0.97 0.95 0.97 (0.90,1.05)
II/IV 0.94 0.92 0.93 (0.88,0.99)
III/IV 1.01 0.99 1.00 (0.96,1.05)

Breast I/IV 0.73 0.65 0.71 (0.61,0.82)
II/IV 0.80 0.79 0.84 (0.75,0.94)
III/IV 0.90 0.92 0.95 (0.85,1.07)

Cervix uteri I/IV 0.59 0.55 0.59 (0.41,0.85)
II/IV 0.83 0.87 0.89 (0.74,1.08)
III/IV 0.80 0.75 0.76 (0.64,0.91)

Corpus uteri I/IV 0.60 0.55 0.62 (0.45,0.86)
II/IV 0.67 0.66 0.71 (0.56,0.90)
III/IV 0.90 0.96 0.99 (0.80,1.23)

Kidney I/IV 0.76 0.75 0.79 (0.67,0.92)
II/IV 0.83 0.81 0.83 (0.73,0.95)
III/IV 0.92 0.93 0.95 (0.84,1.07)

Urinary bladder I/IV 0.45 0.43 0.52 (0.40,0.67)
II/IV 0.67 0.67 0.74 (0.62,0.88)
III/IV 0.73 0.73 0.77 (0.66,0.89)

Skin (non-melanoma) I/IV 0.94 0.46 0.89 (0.42,1.89)
II/IV 0.83 0.54 0.89 (0.53,1.47)
III/IV 0.78 0.66 0.87 (0.57,1.32)

KEY POINTS

x The association between general mor-
tality and social class needs to be consid-
ered when comparing cancer patient sur-
vival between social classes.

x Social class specific estimates of the rela-
tive survival rates (RSRs) should be
adjusted for social class diVerences in
general mortality.

x When death certificates are accurate,
corrected (cause specific) survival rates
provide similar estimates to the RSRs.

x The RSRs with the social class adjust-
ment are recommended, especially where
there are doubts concerning the accuracy
of death certificates.
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diVerences in NRSRs could result from all
types of excess mortality such as that from the
cancer in question, treatment complications, or
unrelated causes of death. CSRs ignore non-
cancer deaths even though some could be
related to treatment and, as such, should be
considered in the outcome. In addition,
corrected rates are dependent on the accuracy
of cause of death information, which may vary
by social class.51

Our results indicate that NRSRs overesti-
mate social class diVerences in survival.
Therefore, when studying cancer patient
survival by social class, we recommend adjust-
ing for social class diVerences in general mor-
tality, producing what we have called SRSRs.
In addition to the adjustments inherent in the
NRSR, the SRSR is adjusted for some lifestyle
factors, such as the higher mortality in the
lower social classes resulting from the higher
prevalence of tobacco and alcohol use.67–69 The
results obtained using CSRs were close to
those obtained using SRSRs, suggesting a high
level of accuracy in the coding of cause of
death in Finland. Thus, CSRs can be regarded
as a good measure of social class specific sur-
vival in Finland. It is diYcult, however, to gen-
eralise this conclusion. We cannot uncondi-
tionally recommend CSRs for use in all
countries as they are heavily dependent on the
accuracy of cause of death data, which varies
between countries. If cause of death infor-
mation is considered to be reliable, and it is
not possible to estimate the SRSR, we would
suggest using the CSR as the next best option
to the SRSR.

We could possibly expect the CSR to be sys-
tematically higher than the NRSR and the
SRSR for smoking related cancers (lung and
bladder). This is because the expected survival
estimates based on general population mor-
tality do not adjust for the additional smoking
related mortality experienced by these patients
(although the SRSRs will be adjusted in part
because of the higher prevalence of smoking in
the lower social classes). This was not however
the case; the CSRs did not diVer systematically
from the NRSRs and SRSRs for cancers of the
bladder or lung. We cannot oVer any explana-
tion for this finding, other than the fact that any
correction is small during the short (five year)
follow up time.

However, we found that the CSRs for cancer
of the kidney and non-melanotic skin cancer
were systematically higher than the NRSRs and
SRSRs. This situation could occur if some
cancer deaths among these patients were
systematically recorded as non-cancer on death
certificates, thereby artificially increasing the
CSR. We can see no obvious reason why this
would occur for cancers of the kidney and skin
but not in other sites. We would also observe
systematically higher CSRs if patients present-
ing with cancer of the kidney or skin experi-
enced systematically higher mortality than the
general population for causes other than the
cancer in question. Some risk factors for cancer
of the kidney, most importantly smoking and
obesity, also increase the risk of other diseases,
which could account for the finding. For non-

melanotic skin cancer, an increased risk of
lymphoma has been reported.70 This is prob-
ably because ultraviolet radiation is a risk factor
for both of these cancers. It is possible that this
could partially explain the systematically
higher corrected survival rates for patients first
diagnosed with non-melanotic skin cancer.
Excess mortality resulting from skin cancer is
extremely low, so the additional mortality from
subsequent lymphomas will, although also low,
have a greater eVect on the RSRs for skin can-
cer patients than for other sites.

We also cannot oVer a plausible explanation
as to why the CSRs for cancer of the stomach
and rectum were systematically lower than the
NRSR and SRSR. This situation could occur if
these patients experienced systematically lower
mortality than the general population for
causes other than the cancer in question. It
could also occur if non-cancer deaths were
incorrectly classified as cancer deaths. We can
see no reason why either of these two scenarios
would occur for cancers of the stomach and
rectum but not for other cancers.

The NRSR will also be slightly biased when
estimating survival for all social classes com-
bined, because of the dependence of incidence
on social class for some cancers.71 For example,
breast cancer is more common in the upper
social classes, with a standardised incidence
ratio (SIR) of 1.39 for females in social class I,
while stomach cancer is more common in the
lower social classes (SIR=1.20 for men and
1.12 for women in social class IV). All cause
death rates for the general population are
therefore not strictly representative of the can-
cer cases for calculating expected survival, and
the resulting NRSRs will be slightly biased. We
found this bias to be extremely small. The dif-
ferences in the estimated SRSRs and NRSRs
were so small that either of these measures can
be used for estimating cancer patient survival at
the aggregate level (all social classes com-
bined).

As expected, there were larger diVerences
between the survival measures for social class
specific rates. If a single measure is to be used
for estimating social class specific survival, we
recommend the SRSR, RSRs with expected
survival adjusted for social class diVerences in
general mortality. If this is not an available
option, we recommend using the CSR (assum-
ing cause of death information is considered to
be accurate). RSRs without the social class
correction overestimated social class diVer-
ences and should be used with caution where
social class specific estimates of survival are
required. Observed survival rates are the meas-
ure most prone to bias and we do not
recommend their use in assessing social class
diVerences in survival from cancer.
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Appendix 1
ESTIMATING SOCIAL CLASS SPECIFIC ANNUAL

DEATH PROBABILITIES

The statistical software package for estimating
relative survival developed by Hakulinen and
Abeywickrama57 requires an input file contain-
ing annual probabilities of death (or survival)
and life expectancy of the population from
which the patients are drawn stratified by age,
sex, and calendar year. Other software pack-
ages require similar input files in order to esti-
mate relative survival. This information is usu-
ally tabulated for the national population but
we require it individually for each social class.
In this study, we have estimated social class
specific annual probabilities of death directly
from case specific (individual level) mortality
data. If these data are not available, it is possi-
ble to estimate the social class specific annual
probabilities of death by applying social class
specific “standardised” mortality ratios (SMR)
by sex and age to the nationwide probabilities
of death.

We denote the SMR for social class r as

cr = µr

µwc

(1)

where µr is the death rate in social class r and µwc

is the death rate rate for the whole country. The
subscripts for age, sex, and time period are
omitted from cr, µr and µwc.

The probability of surviving a given age sex
time period specific annual interval (from x to
x+1 years) for a member of the general
population72 is given by pwc=e−µwc. The corre-
sponding probability for a member of the gen-
eral population in social class r is given by

pr = exp [− ∫
x + 1

x

µrdt ] (2)

= e − µ r

= e −c r µ wc (from equation 1)

= [e − µ wc] cr

= [ pwc ] cr

The subscripts for age, sex, and period are also
omitted from pwc and pr. Note that pwc and pr are
calculated for annual intervals while the SMRs
(cr) usually cover five year intervals. Note that
explicit values for µr and µwc are not required.

We have qwc and require qr, the annual prob-
ability of death in social class r, which is given
by

qr = 1 − pr (3)

= 1 − [pwc ]
cr

= 1 − [1 − qwc ]
cr
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