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ABSTRACT

Social differentials in survival from 12 common types of cancer were assessed by estimating a mixed additive-multiplicative

hazard model on the basis of individual register and census data for the whole Norwegian population. The excess all-cause

mortality among cancer patients compared with similar persons without a cancer diagnosis was significantly related to education,

occupation and income. It was, on the whole,  about 15% lower for men or women who had completed a post-secondary

education than for those with only compulsory schooling, taking age, period and registered differences in tumor characteristics

and stage at the time of diagnosis into account.  The data do not provide clear indications of whether differences in host factors,

such as co-morbities and immune functions, or differences in treatment and care are primarily responsible for these inequalities

in cancer survival. 
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The persistently wide gaps in life expectancy between rich and relatively poor citizens in the industrialized world,

even within the supposedly egalitarian Nordic countries, are well documented (e.g., Marmot 1995; Valkonen 1989;

Vågerö and Lundberg 1995). Although affluence certainly also takes its toll, it is the material deprivation and various

kinds of behaviour prevalent in the lower social classes that - in addition to being important concerns themselves -

are the most severe threats to a long and healthy life. This situation can be hard to accept from a human rights

perspective where equal opportunities in a wide sense is a key ingredient. A reduction of the social differentials in

mortality has therefore also been proclaimed by the European region of the World Health Organization (WHO 1985)

as one of the major health challenges. Appropriate interventions  require, of course, an accurate description of these

differentials, as well as  a more profound knowledge of their determinants.

In industrialized countries, cardiovascular disease and cancer are now the dominant causes of death, with the

former being more than twice as common as the latter. Death rates from cardiovascular diseases have declined in

Norway over the last few decades for both sexes, because of both prevention and treatment. Total cancer mortality

(i.e., death rates from all types of cancer pooled) for men was on the upturn during the 1970s and 1980s, however.

The incidence has, with few exceptions (e.g., stomach cancer),  increased considerably, while there have been rather

weak improvements in the survival from many of the most common types.

Much smaller social differentials show up in total cancer mortality than in cardiovascular mortality (e.g.,

Valkonen 1989; Vågerö and Lundberg 1995). However, the differentials are pronounced for some cancer sites,

although not always with the poorer individuals displaying the highest mortality (e.g., Harvard Report on Cancer

Prevention 1996). Thus, there can be little doubt that the malignant diseases also deserve attention from a social

equality perspective. With the intention of learning about the functioning of the health care system and the possible
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gains that can be made, a special focus on cancer may actually be particularly worth while, because this is one of the

few diseases that are registered in many countries. This registration provides an opportunity to analyse mortality as

a two-step process, the first being the development toward a diagnosed cancer, and the second being the subsequent

progression of the disease. The socioeconomic resources may play different roles in these two steps. Whereas wealth

may be linked with a high risk of developing cancer - because affluence, for example,  may tend to induce some

unhealthy dietary habits - the survival rate among the socially advantaged may well be quite high. In fact, such a

pattern of social gradients appeared very clearly in a recent register-based study of prostate cancer in Norwegian men

(Harvei and Kravdal 1997).  

Social determinants of cancer survival have received much attention (although less than those of cancer

incidence) since the early studies by, for example, Cohart (1955), who provided a rough description of gross

differences between rich and poor regions. (For another example of a quite early, but much more thorough study,

see Berg et al.(1977).)  In a recent review of several cancer survival studies of fairly mixed quality, it was concluded

that the effect of socioeconomic resources is, on the whole, favourable rather than unfavourable (Kogevinas and

Porta 1997). Although this may well be true as a rough generalization, the picture must still be considered very

blurred, given the widely different estimates that have been produced (without clearly reflecting corresponding

differences in statistical methods or, for example,  health policy).  For many common cancer sites, there is still

considerable uncertainty even about the direction of the social gradient in the survival rates. Moreover, very little

is known about the reasons for the survival inequalities (e.g., Auvinen and Karjalainen 1997).

In this study, very rich data and a recently developed method are used to produce a more detailed and

statistically solid picture of differentials in cancer survival than has been possible in previous studies. Although  it

is potentially important even as pure description, this improved empirical platform is also meant to shed some

additional light on the processes thought to be responsible for survival inequalities.
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The  data file covers the entire Norwegian population, and includes more than 100 000 persons who had

developed cancer in one of the selected sites and died within 5 years of diagnosis (in addition to all those without

these diagnoses and those still alive after 5 years). Individual socioeconomic variables have been extracted from the

Population Censuses, whereas a majority of the previous studies have been based on aggregate indicators, for

example data for the census tract in which the patients live (see criticism by, for example, Greenwald et al. (1994)).

Another advantage of this data source is that it includes information on stage and histological type and grade, which

have often not been available in other large-scale studies. Controlling for such variables leaves socioeconomic effects

that must be the result of other and more interesting factors than the relatively well-established early cancer detection

among the socially advantaged.

The statistical method that is used allows a control for social mortality differentials among persons without

a cancer diagnosis. As also pointed out by Auvinen et al.  (1995), the usual calculations of  relative survival without

such controls tend to overestimate the social inequalities. The bias is small for cancers that are particularly

aggressive, but can reach a considerable size for other sites, for example the prostate, as shown by Kravdal (1997).

(In addition to giving a more correct picture of survival patterns, this approach gives, as a by-product, some estimates

of differentials in general mortality that are relevant to take into account in part of the discussion.) 

As many as 12 common cancers are considered. In such a multi-site study, it is possible to get an impression

of the mediating role played by treatment, by comparing social survival gradients for cancers reckoned to respond

to treatment with those for cancers that do not. As a more direct check of the treatment effect, a variable describing

very roughly  the type of primary treatment is included in some models. Such variables have rarely been available

in other studies. 

It is also a strength of this study that there are three different socioeconomic indicators, namely education,

income, and occupation. Previous analyses have been more narrowly focused on one or at most two of these
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variables, or alternatively such variables as hospital payment status or housing tenure.  Education has the advantage

that it is stable over the adult life course, and that it is defined for both sexes and all age groups, whereas retirees

and many women have no income or occupation recorded.  In this study, the impact of income and occupation is

therefore only addressed for men. The study will reveal whether both education and income have effects, net of each

other. Occupational status (e.g., manual versus non-manual work, low- versus high-level non-manual work) probably

operates through many of the same factors as income and education, and may thus not be a particularly interesting

variable. However, there are a few occupational groups that deserve special attention in light of the explanations

suggested for survival inequalities (reviewed below).

The data also allow the inclusion of  marital status and place of residence in the statistical models, which

facilitates the interpretation of the socioeconomic effects. 

A BRIEF REVIEW OF THE CURRENT STATE OF KNOWLEDGE

Empirical Patterns

The  majority of the survival studies have focused on one particular cancer site, but some have also considered

several sites within the same analytical approach. The most prominent example of the latter is perhaps the Finnish

study by Auvinen et al. (1995), which was based on individual socioeconomic data for more than 100 000 cancer

patients, but unfortunately with no information about stage or histological type and grade. A Canadian multi-site

study was based on an even larger number of cancer cases (350 000), but only aggregate socioeconomic indicators

were available, and there was no control for stage or histology (Mackillop et al. 1997). Also a fairly large Dutch

study (about 15 000 cases) considered many sites, but only the impact of aggregate indicators could be assessed

(Schrijvers et al. 1995a). In a British multi-site study of about the same size as the Dutch one, housing tenure was
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used as a rough indicator of  individual socioeconomic resources (Kogevinas et al. 1991).

In total, colorectal cancer and breast cancer have received most attention, with the results largely suggesting

beneficial effects of socioeconomic resources. Such effects for colon or rectum have been reported by, for example,

Auvinen (1992),  Brenner et al. (1991), Chirikos and Horner (1985),  and Schrijvers et al. (1995a), and for breast

by Ansell et al. (1993),  Bassett and Krieger (1986), Gordon et al.(1992), Karjalainen and Pukkala (1990),

LeMarchand et al.  (1984) and Schrijvers et al (1995b). All these referred studies have controlled for the possibly

earlier stage at diagnosis in the higher social classes. On the other hand, a good prognosis for the socially advantaged

was not found net of stage in a colorectal study by Dayal et al. (1987), where there were even indications in the

opposite direction for colon cancer. Nor did such an effect show up in the models for breast cancer in Kogevinas et

al. (1991) and Schrijvers et al. (1995a), and apparently not in a breast cancer study by Ewertz (1994).

Other sites have been less frequently studied. Significant social gradients, with or without control for stage,

have been reported for  lung (Mackillop et al. 1997; Schrijvers et al. 1995a), prostate (Dayal et al. 1985; Mackillop

et al. 1997), bladder (Auvinen et al. 1995; Mackillop et al. 1997), stomach (Auvinen et al. 1995),  malignant

melanoma (Geller et al. 1996), cervix (Auvinen et al. 1995; Mackillop et al. 1997), uterus (Auvinen et al. 1995;

Mackillop et al. 1997; Steinhorn et al. 1986), ovaries (Auvinen et al. 1995), and pancreas (Kogevinas et al. 1991;

Mackillop et al. 1997). On the other hand, other authors have not been able to discern any effect, at least not net of

stage, for lung (Auvinen et al. 1995; apparently also Bonett et al. 1994), prostate (Kogevinas et al. 1991), stomach

(Mackillop et al. 1997; Schrijvers et al. 1995a), ovaries (Mackillop et al. 1997), leukemia (Kogevinas et al. 1991),

and cervix (Kogevinas et al. 1991; apparently also Lamont et al. 1993).  

Suggested explanations
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Three types of factors are crucial for cancer survival (e.g., Auvinen and Karjalainen 1997). First, biologic

characteristics of the tumor, such as  histological type and grade or hormon receptor concentration, play an important

role. Also the degree of metastasis affects the death rates. A late diagnosis, resulting either from  “patient’s delay”

or “doctor’s delay”, will in some situations have the effect that the tumor has already spread too far to allow  efficient

treatment. Besides, the timing of diagnosis will also influence the measured survival when there is no treatment that

can change the time of death. This is because of the natural development toward steadily higher fatality within the

time interval relevant to consider (i.e., when tumors are diagnosed late in the natural development of the disease, the

excess death rates caused by this tumor will be higher at any given duration after diagnosis than if it is detected

earlier). This is occasionally referred to as a “lead time” bias in survival estimates. 

Much of the recent increase in overall 5-year survival rates for some types of cancer is, in fact, the result of

earlier detection, partly as a result of screening programs (see, for example, Läärä et al. (1987) for the beneficial

impact of cervical cancer screening).

Second, so-called “host factors”, such as the existence of  co-morbidities, the nutritional status and the

immune functions, may influence the progression of the malignancy after diagnosis and the ability to tolerate the

treatment. Such characteristics must to a large extent be determined by earlier events, behaviour and processes.  For

example, Gregorio et al. (1985) showed weak effects of fat intake before diagnosis on survival. However,  dietary

habits, physical activity, smoking and drinking patterns after diagnosis may also be of some importance. Whether

the psychological well-being has any role to play in this, either as a force behind health behaviour or more directly

operating through, for example, immune functions,  is less certain. It has been suggested that some personality

dimensions, such as whether one tends to react to stress by being depressed or aggressive, may influence cancer

survival, perhaps through neuro-immune or hormonal mechanisms. Most notably, Spiegel (1990) found that

psychosocial treatment had an impact on prognosis. On the whole, however, the scholarly literature  suggests that
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coping-style and mood - although important elements of the patients’ life quality - have little effect on  actual

survival (e.g., Buddeberg et al. 1996; Hilakivi-Clarke et al. 1993).

Third, treatment is, of course, a crucial determinant. Survival may depend on the type of primary and follow-

up treatment that is offered, the actual quality of the treatment, as well as the patient’s compliance with the treatment.

Education, income and occupation may influence survival through all these three main channels. There is much

empirical evidence for a social effect operating through stage. Some authors have found that a relationship between

socioeconomic status and survival virtually disappears when it is controlled for stage (e.g., Lamont et al. (1993) for

cervical cancer), or that as much as, say, half of it is explained (Auvinen (1992) for colorectal cancer). As is

elaborated on in a subsequent section, it is not difficult to imagine also  host factors or treatment as responsible for

the social gradients in survival, but there is very little empirical evidence for this.  One example is the small-scale

study by Greenwald et al. (1996), in which it was found that income influenced the survival from non-small-cell lung

cancer through a surgery variable. (This  accords with Greenberg et al. (1988), who reported less use of surgery as

treatment for lung cancer among American patients without private medical insurance, although with no negative

impact on their survival.) Similarly, Auvinen (1992) showed that inclusion of a surgery variable eliminated  the effect

of social status on survival from colorectal cancer in Finland, without interpreting this is as a clear signal of

discrimination of the lower social classes. Some authors have also discussed treatment effects by comparing across

cancer sites, either on the basis of results from one multi-site study or (less relevant) in a review approach. Moreover,

a few studies have reported significant survival differentials net of treatment (e.g., Chirikos and Horner 1985) or

have found such differentials within groups known to have received the same initial treatment (e.g., Gordon et al.,

1992), which at least indicates that there is more to the story than treatment differentials. (Less convincingly, some

authors have simply assumed treatment to be similar across various groups admitted to the same hospital; see review

by  Auvinen and Karjalainen (1997).)
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DATA AND METHODS

Data

The analysis is based on individual sociodemographic life histories for all men and women with a Norwegian

personal identification number, i.e., all those  who have lived in Norway for some time after 1960. These life histories

have been extracted from the Norwegian Population Register and the Population Censuses of 1960, 1970 and 1980,

and include information about date of death, all changes in residence (migration between municipalities and across

the national border), as well as marital status, education, income and occupation at the time of the censuses. These

biographies have been linked with data from the Norwegian Cancer Registry, which from 1953 has received

information on all cancer cases in the population. This compulsory cancer reporting system is based on pathology

and cytology reports, clinical records, and death certificates, and provides information about site, basis for the

diagnosis, histologic grade and type, and the stage of the disease at the time of diagnosis. These data have been used

in a number of previous studies (e.g., Harvei and Kravdal 1997; Kravdal 1995; and references therein). 

Twelve common cancer sites are considered in the analysis. At ages above 40 during the observation period

1960-1991, there were more than 150 000 deaths among men or women diagnosed with cancer less than 5 years

previously. Of these deaths 76% deaths were of persons with cancer in one of the 12 selected sites.

Statistical model

For each of these 12 cancer sites, the following mixed additive-multiplicative mortality model is estimated:

(1) µ = exp(bx) + y  exp(cx)  exp (dz),

where  µ is total (all-cause) mortality,  x is a vector of categorical sociodemographic co-variates (including age), b
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and c are effect vectors, and y is a cancer-diagnosis indicator that takes the value 1 from the time of diagnosis of that

particular cancer (if any) and otherwise is 0. In other words, the first of the two additive terms captures  the mortality

variation among persons without this cancer diagnosis, which will be referred to below as the “normal” population.

(This “normal” population is, of  course, very similar to the total population.) The co-variate vector z includes

various characteristics of the disease or the treatment, which have no counterpart in the “normal” population, and

d is the corresponding effect vector. For a cancer patient with characteristics x, mortality is thus exp(cx) exp (dz)

higher than that for a similar individual without such a diagnosis. It is reasonable that this excess mortality is positive

(except perhaps after very long durations of particularly severe disease, when the remaining patients may have an

extremely strong constitution and a lower mortality than those without cancer who otherwise have the same observed

characteristics).

A few models that are not site-specific are also estimated. In these models, y  takes the value of 1 from the

time of diagnosis of any of the 12 cancers, and a site variable is included in z  (in which case the “normal” population

is less similar to the total polulation).  

The models are estimated in the AMFIT Poisson-regression module in EPICURE (Preston et al. 1993). As

explained in, for example Agresti (1990), Poisson regression is indistinguishable from models for piecewise constant

hazard rates where co-variates are categorical. A self-made PASCAL program, operating on the individual-level

register and census data, is used to compute the tables of deaths and exposures that are fed into AMFIT.

This method has also been used in a recent prostate cancer study (Harvei and Kravdal, 1997). 

Motivation for the model structure

Mortality studies are often based on a competing-risk framework, with a number of mutually exclusive registered
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causes of death as the possible outcomes. Total mortality is then the sum of various sub-risks, such as the risk of

dying with cancer as the registered cause, the risk of dying with heart disease as the registered cause, and the risk

of dying from other diseases. In the discussion below, the last two outcomes are denoted as non-cancer deaths.

According to Norwegian regulations, a person without a cancer diagnosis can only be registered with a non-cancer

death. (If a previously undetected cancer is noticed at the time of death, for example as the result of an autopsy, it

will be registered post mortem regardless of whether it is believed to have caused the death.) Among those who do

have a cancer diagnosis, death is, of course, very often registered as the result of cancer. In other words, the

malignant disease can be considered as producing an extra additive contribution to mortality that otherwise had not

been possible. However, it is also likely  that patients with a cancer diagnosis may suffer an extra high non-cancer

mortality. Unless the patient obviously dies as a result of a progressing malignancy, the role played by this disease

for the development towards death may be unknown, and even when the causal mechanisms are thought to be known,

deciding on a (main) cause to include on the death certificate may be a matter of judgement. For example, the

emotional stress from cancer may increase the chance of being involved in a motor vehicle accident, which may then

(correctly) be registered as the cause of death. Alternatively, the patient may die from stroke in connection with an

early surgical removal of malignant tissue, or there may be more long-term, harmful side-effects of  treatment, both

of which may lead to a formally registered non-cancer death. There may also be contributions in the opposite

direction, but on the whole it is likely that a malignant disease increases rather than decreases non-cancer mortality.

Consequently, a focus on formally registered cancer deaths will lead to an underestimation of the total impact

of the malignancy. Moreover, the estimates of social and other differentials in the impact of cancer will be biased

if the pattern in the excess non-cancer mortality is different from the pattern in registered cancer deaths. For these

reasons, and because of lack of information on cause-specific mortality in many countries, there is a long tradition

in cancer survival studies for considering all-cause mortality.  “Relative survival” was suggested several decades ago
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as a potentially fruitful measure of the aggressiveness of the disease (see references in, for example, Buckley (1984)).

It is defined as the ratio of (all-cause) survival for cancer patients to that among persons without such a diagnosis.

This corresponds to considering a malignancy as giving an additive contribution to all-cause mortality. (Referring

now to model (1) above, 5-year relative survival R  will simply be R = exp (-5 exp(cx) exp(dz)), provided that all5 5 

co-variates x and z are assumed to be constant during the 5-year interval, and that a one-year counting system is

used.) The use of an additive rather than a multiplicative basic structure is  discussed further in Kravdal (1997).

Estimates of relative survival for various cancer sites by age and sex are routinely produced in several

countries (e.g., Cancer Registry 1996). The "normal" survival with which it is compared is typically taken from vital

statistics for the total population. Both such descriptive studies and the more analytic ones have typically been based

on a comparison with age-, period- and sex-specific “normal” mortality. This is equivalent to a specification of the

additive-multiplicative  model (1) with only age, period and sex in the x in the first term. Such an approach cannot

be recommended when the focus is on social status or other variables relevant also for the “normal” population.

When a relatively high mortality is observed among cancer patients from the lower social classes compared with

other persons of the same sex and age and in the same period for the “normal” population, it results partly from the

fact that “normal” mortality among these classes is actually higher than the average for this sex, age and period (i.e.,

patients in the lower social classes would have had a higher mortality than other patients also in the absence of the

disease). This necessitates the inclusion of social status also in the x in the first term. The bias will be particularly

large for the less aggressive cancers that do not dominate total mortality strongly, such as prostate cancer, where the

education effect is roughly halved when a control for social differentials in “normal” mortality is included  (Kravdal

1997). On the other hand, the bias is small for some other sites, as indicated by estimates in Auvinen et al. (1995)

and Karjalainen and Pukkala (1990). 
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More detailed specifications of the models

All Norwegian men and women are followed from age 50 (or 40 in models for leukemia, malignant melanoma, and

cancer in the breast or female genitals) or, if born before 1910 (or 1920), from 1960. It is censored at age 80

(because of potentially inadequate case ascertainment at higher ages), at the time or emigration, or by the end of

1991, which was the end of the follow-up period. Moreover, individuals are excluded from the analysis (i.e.,

contribute neither exposure nor deaths) during periods when they lived in another country. In addition, those who

did not participate in one of the censuses are excluded during the 10 years after this census. These two restrictions

have very little influence on total exposure time.The very few persons with a cancer diagnosed at autopsy are treated

as having never received a cancer diagnosis.

The observations are censored 5 years after diagnosis, if any. This interval is commonly used in cancer

survival analysis. Very similar social patterns appear in estimates for 2- and 10-year observation intervals. Mortality

is assumed to be constant within 5-year age groups, which was  experientally found to be a sufficient control for age.

For simplicity, time since diagnosis is not included in the second term of the model. This has no effect on other

parameter estimates. 

There is no distinction between persons who had previously been diagnosed with another type of cancer and

those for whom the cancer in focus was the first one.  In the models that are not site-specific (but where site is

included as a control variable) only the first cancer diagnosis is considered. 

Co-variates
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All co-variates are categorical and time-varying. A level for the co-variate is defined for each month  during the

follow-up period, and refers to the situation at that time (place of residence) or that in the last previous census

(education, income, occupaton and marital status).

The categories for education are i) compulsory ii) secondary (10-12 years of schooling), iii) lower-level post-

secondary (normally requiring 13-16 years of schooling), and iv) high (defined as a level corresponding to at least

a Master's degree, and thus normally requiring 17 or more years of schooling). No distinction was made between 12

or more years of schooling in the 1960 census, so, for the period 1960-1970, those with exactly 12 years are

classified as belonging to category iii), whereas category iv) is not used.

Income (in 100 NOK at 1970 prices) is included in the models for men, using seven categories. A combined

variable for occupation and education is also included in some models for men, with a categorization as shown in

Tables 5-7.  Some groups with a particularly high or low general mortality (Borgan and Kristofersen 1986) are

selected as separate categories, as also are physicians. Distinction is made between manual and non-manual workers

(at different levels) in accordance with standard socioeconomic classification (Album  1988). If no occupation was

recorded in the most recent previous census, the occupation in the census before that (if any) is used.  There is a

separate category for  men with no registration of occupation at any previous census.

The z-variable in the model (see equation (1)) includes site (in the few models that are not site-specific), sub-

site, stage and histology (type and/or grade). For all types of cancer except cervical cancer and leukemia, stage is

defined as localized, regional spread (i.e., direct extension to adjacent organs or structures or spread to adjacent

lymph nodes), distant spread (i.e., to distant organs or lymph nodes either by direct extension or through

discontinuous metastasis), or unknown. Stage is not a meaningful concept for leukemia. In line with definitions for

other sites, the following categories are used for cervical cancer: i) 0+I, ii) II, iii) III +IV, and iv) unknown.

The categorization of histology and sub-site (where relevant) differs across cancer site and is explained in
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notes to Table 2. The intention behind the categorization is to distinguish, at least, between reasonably large

histological groups or sub-sites associated with markedly different survival rates. Also primary treatment is included

in the z-vector in some models.

RESULTS AND DISCUSSION

The impact of education

Colorectal cancer in men is selected as an example in Table 1, where all estimates for the first and second additive

term are shown. Eductional level is the only socioeconomic variable included in this model, and it turns out to have

a significant net effect on the excess mortality (second term). 

 In Table 2, education effects are also shown for the other 11 cancer sites. Generally, men or women who have

completed a secondary education have at least as favourable a prognosis as those with only compulsory schooling.

Only a few effect parameters are estimated to be higher than 1, but not significantly so.

(Tables 1 and 2 about here)

Significant effects are found for both sexes for colorectal, bladder and pancreas cancer, whereas significant

effects for stomach cancer, lung cancer, malignant melanoma, and leukemia appear only for men. With respect to

the reproductive organs, only survival from breast cancer and prostate cancer are significantly associated with

educational level.

When one model is estimated for all cancers (but, of course, with cancer site as an additional control variable

in the second term of the model), men with post-secondary education (i.e., the two highest categories pooled together)
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have an excess mortality that is 15% lower than that among men with only compulsory education (not shown). The

corresponding estimate for women is 14%. The equivalent of a Master’s degree is associated with an advantage of

roughly 22% for both sexes. Differences in this range accord reasonably well with those found in large data sets from

Finland for breast cancer  (30% difference in Karjalainen and Pukkala 1990), colorectal cancer (9% difference in

Auvinen 1992) and other cancers (Auvinen et al. 1995). 

The 5-year survival rate for all cancers pooled (not only the 12 selected for this study), and when it is averaged

over stage, is about 50% in Norway (NOU, 1997). This means that the 22% difference in excess mortality estimated

in this study roughly corresponds to a one-and-a-half-year increase  in median survival (defined as the duration at

which survival of cancer patients has fallen to half of that among similar persons without this diagnosis).

Alternatively, one may say that the 5-year survival rate is 58% instead of 50%. 

Other measures of social gradients in cancer survival 

Parameter estimates for a model including both income and education are shown in Table 3 for colorectal cancer.

The follow-up in these models is from 1970, because there is no income information from the 1960 census. (This

shorter observation period gives sharper education effects.) The education and income effects for other sites are

shown in Table 4. Generally, the effects of education are attenuated when income is included, but remain significant

to a large extent. Trend effects of income are significant for many sites, even when the group with zero income is

excluded.

(Tables 3 and 4 about here)
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A combined occupation and education variable is included in some models. Estimates for both “normal” and

excess mortality are shown in  Table 5 for colorectal cancer, whereas only those for excess mortality are shown in

Table 6, for each of the eight selected cancer sites for men. Finally, a pooled model for all these sites, but with site

included as a control variable, is estimated (Table 7). The last model is stratified by educational level, both for

practical reasons (software restrictions on the total number of parameters to include) and to facilitate the comparison

between some occupational groups within the same educational level.

(Tables 5-7 about here)

The unimportance of marital status or place of residence as mediators

One might suspect socioeconomic differentials in cancer survival to be partly explained by  place of residence and

marital status. It is a trivial fact that these two variables are linked with social status variables, although in a

somewhat ambiguous causality. It also seems plausible that they influence survival. For example, the place of

residence may affect the treatment that is given because of the distance to a  hospital. Marital status, or more

generally the social network, is no less likely to have an impact. Both the “instrumental support” (i.e help in enacting

normal role responsibilities) provided by this network and the  “socio-emotional support” may, for example,  make

the patient eat better (Ell et al. 1992), and - along with the  “informational support” -  improve compliance with

treatment. Besides, having a spouse or near friends may also lead to earlier diagnosis, as discussed by, for example,

Nayeri et al. (1992). On the other hand, possible disadvantages have also been suggested (e.g., Siegel 1990). 

The empirical evidence for an impact of marital status on actual survival is mixed. Some researchers have

failed to see an effect for the type of cancer that they have studied (e.g., Ewertz 1994), some have seen clear effects

(Krongrad et al. 1996), and some  have found effects for only a few of the cancer sites that they have considered
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(Goodwin et al. 1987; Kvikstad et al. 1995).With respect to social network, Waxler-Morrison et al. (1991) found

that  friendship and work outside the home had an impact on cancer survival, and Ell et al. (1992) found “perceived

adequacy of emotional support” to be important, but, on the whole, results appear to be inconclusive (e.g., Blanchard

et al. 1995).

Significant effects of marital status appear in the Norwegian data. Typically, the never-married of both sexes

face a poor prognosis, whereas differences between married, widowed and divorcees are small. Marital status  is

obviously not an important mediator (or confounder), because only quite a small change in the education effect can

be discerned when marital status is included in the models for colorectal cancer (Table 8) or other cancers (not

shown). Also control for place of  residence leaves the education effect estimates unchanged (Table 8; results not

shown).

(Table 8 about here)

In light of these results, it is assumed in the following discussion that the socioeconomic variables influence

survival through economic and cognitive resources, in a wide sense, rather than social network and proximity to good

hospitals, although the last two cannot be fully captured by the marital status and region variables included. 

The importance of biological characteristics and stage at diagnosis 

It is possible that socially advantaged men or women tend to be diagnosed with quite harmless cancers, for example

with a high degree of differentiation of the tumor. This might be the result of both more intensive medical checks

revealing tumors that otherwise would have remained undetected, or still unknown biological processes connected
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with an upper-class life style. According to these Norwegian data, however, the better prognosis often reported for

the higher social classes is not caused by a more favourable histology. The estimates of education effects are almost

insensitive to the inclusion of histologic grade and type (not shown), as has also been found by the few other

investigators who have had the opportunity to check this (see review by Auvinen and Karjalainen 1997).

Socioeconomic status may also influence the timing of diagnosis (as well as its quality, as addressed below),

which in turn may affect the possibilitites for efficient treatment or be linked with mortality through a less interesting

“lead time” effect. Most importantly, a late diagnosis could be the result of inadequate self-examination or a failure

to recognize that certain symptoms may stem from a malignancy and that it may be favourable to treat malignancies

at an early stage. Besides, there may be inadequate access to or quality of professional examination. In Norway, there

should be no purely economic reasons for hesitating to consult general practitioners, who are easily available and

will refer to specialists whenever needed. However, there may be a delay after the first contact with the health care

system, because the patient will often have to undergo several diagnostic checks, some of which may require

considerable waiting-time. A more extreme reason for a delayed diagnosis would be that a cancer is overlooked by

mistake at first consultation and not diagnosed until the symptoms have become clearer. Money may not help much

in these situations, but those who are insistent, know their way around  or have an ability to present their case in a

convincing manner may have some advantages.

In support of this argument, the Norwegian data reveal that stage has some importance as a mediator. The

earlier diagnosis among the socially advantaged explains a fraction, although a modest one, of their relatively good

prognosis. For colorectal cancer, the parameters for the two highest educational groups are 0.84 and 0.81 without

a control for stage (not shown), as opposed to 0.87 and 0.83 with such a control included  (Table 1). In other words,

only 2-3% of the beneficial effect of roughy 17% is explained by an earlier stage. On the other hand, the beneficial

effect associated with the two highest educational levels (pooled) is reduced from 32% to 24% when stage is included
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in the breast cancer models. The corresponding percentages for cervical cancer are 27% and 9%, for uterus cancer

23% and 11%, for ovarial cancer 14% and 9%, and for malignant melanoma in women 35% and 23%. In fact,

without control for stage, the effects for post-secondary education  would become significant at the 5% level for all

the genital cancers and malignant melanoma.

One cannot possibly expect the information in the cancer registration system to be complete. For example,

there may be some differences in the spread of the tumor within each recorded stage. This is partly the result of mis-

classification. Some patients who receive a particularly thorough check may, for example, be diagnosed with a

regional spread that among less intensively diagnosed persons would have been recorded as localized (as discussed

from a different perspective by Feinstein et al. 1985). If a more thorough examination has this consequence (rather

than the opposite, which cannot be ruled out), patients undergoing such examination, who are perhaps over-

represented among the better educated, would tend to have relatively benign localized cancers as well as relatively

benign regional ones. However, as stage on the whole plays a quite modest role as a mediator, this kind of residual

stage effect is not taken into account when social differentials in survival net of recorded stage are discussed further

below.

Interpreting the main social gradients that appear net of stage: The plausibility of the host-factor and treatment

explanations

The picture is quite consistent: Even with control for stage, both a high education and a high income enhance

survival. Similarly, the prognosis is better for men in non-manual than for those in non-manual occupations., and

better in high- than in low-level non-manual occupations (net of education).

As mentioned above, one possible explanation is that host factors are mediators. The impact of such factors
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on survival cannot be checked with these data, but it is at least theoretically plausible that the cognitive resources

associated with education, for various reasons not to be elaborated on here, may have a bearing on the general health

at the time of diagnosis (or more specific host factors). Also income (or the economic strength, which is determined

also by transfers, taxes and assets) may be linked with general health, not only because of the economic opportunities

to achieve, for example, a good nutritional status and a favourable physical environment, but also because a high

income (net of education) is a signal of cognitive capacity.  A similar argument is relevant for  occupational status.

Such an association between general health and education, income and occupational status is also suggested

in the data. For example, “normal” mortality among men with a few years of education beyond secondary school is

25% lower than that among men with only compulsory schooling (Table 1). The corresponding figure for women

is 28% (not shown). Similar effects are found for income (Table 3) and occupational status (Table 5).

On the other hand, it is no less plausible that treatment differentials are responsible for the social gradients

in survival. Few costs should be of any concern for cancer patients, not least as private clinics offering their often

unsubsidized services (which would typically be diagnostic anyway) were much less prevalent during the period

under study than today. However, such factors as knowledge, ability to take personal initiative and ability to

communicate efficiently, which may captured even by the income variable, are likely to count.

First, there may be differences in the quality of the diagnosis, which is crucial for the treatment. There is, of

course, always the possibility  that the work in the pathology laboratory is more carefully done when the patient is

a well-known person or perhaps a colleague, but, generally, mistakes are likely to be quite random. Those who realize

the importance of the diagnosis and ask for a new check or seek a second opinion would then be the advantaged

group. 

Second, there may be fatal differences in the type of treatment that is chosen, given the diagnosis. It is possible

that patients with more socioeconomic resources are less often victim of sloppy work or incompetence. More
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importantly, surgery, radiotherapy and chemotherapy involve a great deal of medical judgement, and individual

adaptations may be called for in order to take into account the patients’ own view of their health and their ability to

tolerate, say, the side-effects of the treatment. In this situation, being generally well-informed and able to describe

needs and desires may be helpful.

Third, the treatment that is decided on may not be implemented as planned because of lack of  capacity. In

Norway, one may in some situations have to wait a few weeks for primary treatment, even when it is supposed to

be curative. In addition, various kinds of palliative treatment, which may reduce death rates, are in under-supply. (For

specific examples about capacity problems and lack of equipment, see NOU (1997).) Given such constraints, the

individual characteristics suggested above as linked to education, income and occupational status could easily have

an influence on survival. 

Fourth, the quality of the treatment that is given eventually may be inferior because of personal mistakes or

mal-functioning equipment.  Whether this is likely to happen less often among the richer and better educated in

Norway is an open question.

Finally, patients from the highest social classes may possibly follow instructions more accurately, and take

more initiative to further consultation or treatment if they notice signs of recurrence or other problems during periods

when they are under less close medical surveillance.

A rough empirical check of the relevance of the treatment explanation

One may get an idea of the importance of the treatment explanation by comparing the differences in survival patterns

across cancer sites. Unfortunately, one cannot easily identify sites for which inadequacies in treatment are particularly

fatal and closely linked with socioeconomic resources, but it may be assumed, for simplicity, that treatment-induced



24

social gradients are most likely to show up for cancers that are generally  reckoned to respond reasonably well to

treatment. 

No good treatment exists yet for stomach, pancreas and (especially small-cell) lung cancer.  For the first of

these sites, education effects are relatively weak, although significance is attained for men (Table 2). This accords

well with some other large-scale studies, in which negligible effects have been reported for stomach cancer. For

pancreas cancer, however, significant effects are found for both sexes, and previous studies also point largely in this

direction. The effects are less clear for lung cancer. Whereas effects for men are significant, non-significant effects

in the opposite direction are estimated for  women, as the only exception from the general pattern.

Conversely, quite efficient treatment has been developed  for breast, cervical and colorectal cancer (when

diagnosed at an early stage), and partly also for bladder cancer, but without  particularly clear education effects

appearing in the tables. Effects for cervical cancer are not even significant, net of stage.

As mentioned above, little has been done in the past to test the treatment explanation. In a recent review,

Kogevinas and Porta (1997) claimed that the evidence for social gradients was strongest for breast and colorectal

cancer, which they considered to support the treatment explanation. One must bear in mind, however, that many other

sites have received less attention, and that data quality and methods differ markedly between all the studies (which

are even from different countries). One single statistically solid multi-site study, such as this study, is a better basis

for such comparisons across sites.

Generally, treatment is most efficient among patients with a localized tumor, and, if there were social

differences in the treatment, one would therefore expect education effects to be most pronounced in models restricted

to the localized cases. In contrast to some other studies (e.g., Karjalainen and Pukkala 1990), there are only weak

indications in this direction (not shown). 

As a second check of the relevance of the treatment explanation, a treatment variable is included in the
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regression model.  As shown in Table 8, this has no impact on the estimated effects of educational level for colorectal

cancer, and it also turns out to have very little impact for other cancer sites (not shown). However, this is surely not

a good check, because the variable only includes quite rough information about the type of primary treatment and

captures nothing about its quality or about the follow-up (palliative) treatment. Moreover, the causality is not

altogether clear: Patients in the higher social classes may be selected relatively often for surgery because of their good

health, rather than as a result of their socioeconomic resources, and would therefore perhaps have had better survival

also without the operation.

Challenging patterns for a few particular occupations

The results for a few occupational groups are particularly challenging. One of these groups are the physicians, who

have a higher annual income than other men with high education. However, their “normal” mortality is not

particularly low, which is in accordance with a Finnish study (Rimpelä et al. 1987).  Their good cancer prognosis

relative to other men with high education, according to  indications from site-specific models in Table 6 and the

significant effect in Table 7, is therefore not particularly likely to be caused by host factors, whereas a treatment

advantage seems more plausible: Above all, physicians have good knowledge about treatment alternatives and about

symptoms that call for intervention, and they have easy access to expert opinions in these matters.

Both teachers and men without any recorded occupation are likely to have certain health characteristics that

are markedly different from others on the same educational level. At least,  their general mortality (Table 5) is

relatively low and high, respectively. As shown in Table 7, similar differences are found in survival (significant for

men without occupation; weaker indications for teachers), which may thus be interpreted as host-factor effects.

However, treatment effects are also plausible, especially for men without an occupation, who may have fewer useful
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acquaintances and certain characteristics that may make them  less powerful in their communication with health

professionals. It seems more far-fetched to expect teachers to receive better treatment than others on the same

educational level (and in high-level non-manual occupations).

Two occupational groups that are even more  interesting are the farmers and those who work in hotels and

restaurants, as ship officers or as deck and engine-room crew. As shown in Table 5, and known also from other

studies (e.g., Borgan and Kristofersen 1986), the former group has a very low general mortality, whereas the latter

has a very high one. However, a similar pattern does not appear in cancer survival (the farmers even had a

significantly worse prognosis than manual workers), as one would expect if general mortality were  a signal of host

factors that are important, and under the assumption that treatment differentials in these cases would be small or at

least not work in the opposite direction.

  In general, but perhaps with less relevance for these two groups, such discrepancies may reflect that some

factors responsible for a very high or low “normal” mortality (e.g., a tendency to be involved in hazardous  activities)

have no importance for the progression of the malignancy.  It is also possible that selection, without  generally being

an important problem, influences the estimates of some social differentials for some of the cancers considered in this

study: The host factors that are important for the development after diagnosis may vary with social status for cancer

patients in another way than for other men. For example, the generally higher mortality for hotel and restaurant

workers than for the farmers may result partly from smoking. Among those who have already developed lung cancer

or other smoke-related cancers, however, such differentials in smoking are less pronounced, because the farmers are

also likely to have smoked to a very large extent, although not necessarily  as much. Therefore, if it is assumed that

smoking is also a crucial host factor for the progression of the disease, the excess mortality resulting from cancer

may not be as large among hotel and restaurant workers (compared with others) as one might expect from the

generally high mortality in this group. Besides, the measure of  excess mortality in this study will include more than
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the excess mortality that is actually a causal result of cancer (given that the cancer patients are heavier smokers than

others in the same social status group and that smoking is also important for “normal” mortality). The mortality that

the patients would have had in the absence of cancer, and with which it should be compared  in order to assess the

causal effect of the disease, is higher than the “normal” mortality used in this study. This bias will be most

pronounced for the group that generally has the lowest smoking rate, i.e., the farmers in this case. To summarize,

the relatively high excess mortality for the farmers that is estimated is not necessarily inconsistent with an idea that

the generally lower mortality of this group compared with hotel and restaurant workers is caused partly by smoking

and that smoking is also an important host factor in the progression of cancer after diagnosis.

CONCLUSION

This study has demonstrated fairly large differences in cancer survival between various social groups in a country

that is reckoned to be an advanced welfare state. The pattern appears for most of the 12 common cancer sites that

have been considered in the analysis, including sites for which the empirical evidence has so far been inconclusive.

This  gradient is not only the result of earlier diagnosis of some cancer types among the socially advantaged, which

itself is a challenging phenomenon. Significant effects appear  even with controls for stage. By and large, it also

seems that the social differentials have remained quite constant during the  few decades under study (not shown).

Adding a year or more to the life of an average cancer patient, which would roughly be the result if everyone

had the same prognosis as the better educated, would certainly be considered an important step forward, even though

it would contribute little to the average life expectancy at birth. Although it is important merely to document such

a difference in survival, more needs to be known about the underlying mechanisms before policy conclusions can

be drawn.  The data provide few clear indications that  treatment inequalities are a key intermediate factor, but this
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possibility cannot be rejected either. Such inequalities would be particularly provocative from a health justice

perspective and would call for an expansion of the medical services for the less privileged, preferably without making

the situation worse for others. Moreover, if treatment inequalities are widely suspected, cancer patients may feel more

of a personal responsibility for their situation and may put up a fight to attract resources.  Given the importance of

this issue, one should soon check more thoroughly whether patients from the lower social classes actually receive

less adequate treatment and care than others, with  consequences even for their survival.

The idea that the better prognosis in the higher social classes may be caused by a stronger constitution at the

time of diagnosis, or more favourable health behaviour afterwards, is perhaps less interesting from a health policy

perspective. Support for this host-factor explanation would suggest that  it might be worth while to try to strengthen

patients’ general health - provided that such interventions after diagnosis are not too expensive and are of importance

given the health status at the outset. Documentation of such a causal pathway would also underscore the need to take

dependency between diseases into account  in demographic studies of possible developments in longevity. If the

population adopt a generally healthier life style or if some structural barriers to a good health are demolished, we may

perhaps witness an improved cancer survival even in the unlikely situation of no progress in  treatment. The data do

not allow a good check of the relevance of the host-factor explanation. Many results appear to be consistent with

such an explanation, but may just as well be taken as support for the treatment explanation.
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