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Chapter 1. Introduction

Cancer is the second most important cause of death in the Netherlands, as it is in
many developed countries. In 1990 about 30% of all deaths in the Netherlands
could be ascribed to cancer.' In general, survival from cancer is rather poor but it
varies by such characteristics as the organ of origin of the tumour and age of the
patient. Socioeconomic status is another factor which has been found to be of
prognostic importance for cancer patients.” In general, cancer patients from lower
socioeconomic groups have a lower survival rate than patienis from higher socio-
€Conomic groups.

The subject of this thesis is the association between socioeconomic status and
~ cancer survival in the southeastern Netherlands and the arca covered by the South
Thames Regional Health Authority (RHA) in South East England. Both a descrip-
tion of and explanations for variation in survival by socioeconomic status in these
two areas arc given. The studies reported in this thesis, can be placed within a
broader framework of research on socioeconomic inequalities in health (paragraph
1.1} as well as within a narrower framework of research on sociceconomic inequal-
ities in cancer {paragraph 1.2). In the final paragraph of this introduction, the aims
of the studies reported in this thesis are presented (paragraph 1.3).

1.1 Socioeconemic inequalities in health: a brief infroduction

Our society is characterised by a system of social stratification, which is caused by
an unequal distribution of material and other resources among the inhabitants.
People hold a relative position on the social hierarchy, which is summarized by the
termy socioeconomic stafus, in indicators of socioeconomic status such as education,
income, and occupation. Each refers to a different aspect of social stratification.
Education determines the access to information and the ability to process this
information, income is important with regard to access to material goods, while
occupation refers to the prestige, privileges and power associated with holding
specific jobs.? :

1.1.1 A description of socioeconomic inequalities in health

Socioeconomic inequalities in health can be defined as systematic differences in the
prevalence or incidence of health problems between people of higher and lower
socioeconomic status.! Research into socioeconomic inequalities in health was
initiated in the 19th century by medical doctors who were organised in for example
the sanitary movement, which gathered information on important public health
issues. They showed among others that the poor segments of society had higher
mortality rates than the rich segments.’ In the 20th century, the establishment of the
welfare state was thought to have reduced socioeconomic inequalities in health
substantially, because an important characteristic of the welfare state is equal access
to the health care system for everybody, regardless of socioeconomic status. It
became evident however, that socioeconomic inequalities in health are still present
in European countries.
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Great Britain has a long tradition of research info socioeconomic inequalities
in health. For example the association between social class, based on occupation,
and mortality has been registered and described since the 19th century.” An
important landmark, both at the national and international Ievel, was the publication
of the Black report in 1980, which showed that "from birth to old age, those at the
bottom of the social scale have much poorer health and quality of life than those at
the top".* This conclusion from the Black report applies to many other countries in
Europe and to a variety of health indicators.®

The Netherlands have a much shorter history of research into sociceconomic
inequalities in health than Great Britain and therefore less evidence on such
differences has become available. Recently, a growing number of research projects
has shown that also in the Netherlands, a lower socioeconomic status is associated
with a higher frequency of many health problems, such as the prevalence of health
complaints, prevalence of many chronic conditions and adult mortality.*® The
number of reported health complaints, measured with a list of symptoms and
sensations, is on average higher in lower socioeconomic groups. The Netherlands
Health Interview Survey reports for the pericd 1981-1985 an average of 8.4
complaints in respondents with primary school only, whereas the average number of
complaints is 5.2 in respondents with a university education, Findings for income as
socioeconomic indicator are similar.,'" The number of chronic conditions per 100
persons, as reporied in the Netherlands Health Interview Survey for the period
1981-1985, was found to be about 50% higher among people with the lowest
educational level than among those beionging to the highest educational category.
The difference was smailer when income was used as indicator of sociceconomic
status.'' There are also results from condition-specific analyses: one study showed
that the relative risk for the prevalence in the lowest versus the highest
socioeconomic category of most specific chronic conditions, such as lung diseases,
diabetes, and back complaints, lies between 1.10 and 1.30 when 3 occupational
status categorics were distinguished. The largest relative risk was found for chronic
bronchitis (1.68)."* Finally, four longitudinal studies on socioeconomic inequalities
in mortality among men aged 35-64 years, covering the period from the 1950s
onwards, have revealed. that the relative risk of dying for the lowest versus the
highest sociceconomic group varies between about 1.20 and about 2.00. This
variation in study results can probably be ascribed to differences in the study
population and design, but the results all show the same pattern: higher mortality in
the fower socioeconomic groups.”¢

1.1,2 Explanations of socioeconomic inequaklities in health

Four categories of possible explanations of socioeconomic inequalities in health are
distinguished in the Black report, which are: (1) artefact explanations, (2) social
selection, (3) materialist and structuralist explanations, and (4) behavioural and
cultural explanations.®
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1. Artefact explanations ,

Artefact explanations suggest that the association between socioeconomic status and
health is due to errors in the process of measurement. For example, socioeconomic
differences in self-reported morbidity could be caused by differential misreporting
of morbidity by socioeconomic status. Actually, socioeconomic inequalities in the
prevalence of specific chronic conditions (chronic non-specific lung disease, heart
disease and diabetes mellitus) were found to be underestimated as a result of
differential misreporting.'” In general, the artefact explanation is thought to be of
little importance in explaining socioeconomic inequalities in health,'®

2. Social selection
Social selection means that health has an effect on socioceconomic status, rather than
the other way around. Two types of health related selection can be distinguished;
the first one is health related intragenerational social mobility. This implies that
adults with a bad health status move downwards in the social hierarchy more often
and move upwards less often as compared 1o persons in good health, This results in
a relatively large number of people with ill-health at the bottom of the social
hierarchy. This type of explanation has probably only a modest effect on
socioeconomic inequalities in health.'® The second type of health related selection
is intergenerational social mobility. This implics that people with a bad health status
during childhood/early aduithood move less often to a higher sociceconomic
position and more often to a lower position than their parents’ position, as com-
pared to people with a good health during childhood. This explanation is probably
more important, but the available evidence on this type of selection is still very
sparse.'®

The other two explanations of socioeconomic inequalities in health, which will
be discussed below, are part of the causation theory. This theory assumes that
socioeconomic status has a causal but indirect effect on health through a differential
distribution of determinants of health across socioeconomic groups.

3. Materialist/structuralist explanations

The third explanation states that material deprivation has an effect on health and
refers to exposure to hazards which are unequally distributed across socioeconomic
groups. Examples of such hazards are exposure to health-damaging chemicals in
certain occupations and poor-quality housing, which are more common in the lower
socioeconomic groups.'®

4. Behavioural/cultural explanations

Finally, behavioural and cultural explanations emphasize the role of the differential
distribution across socioeconomic groups of adverse health-related behaviours in
causing socioeconomic inequalities in health, Examples of factors with a higher
prevalence in lower socioeconomic groups are smoking, adverse dietary habits, and
a lack of physical exercise.”
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Other possible expianations

The distinction of four categories of explanations of socioeconomic inequalities in
health in the Black report has given rise to a debate on other possible explanations
which are part of the causation mechanism. An example is the unequal distribution
of psychosocial stress across socioeconomic groups.?' This is a plausible explanation
of sociceconomic inequalities in health, as these have been observed for so many
different health problems. A higher peneral susceptibility to disease among those
with a lower socioeconomic status might be related to such psychosocial stressors as
adverse life events and continuous psychosocial burdens,

Another factor which may be responsible for socioeconomic inequalities in

health is unequal access to the health care system for people from different
socioeconomic groups, which may even exist in countries such as the Netherlands
and the United Kingdom in which this access is assumed to be equal for everybody.
Socioeconomic inequalities in medical consumption in the Netherlands have been
observed in a study conducted in the early 1990s in the Southeastern Netherlands.”
This study showed that, after adjustment for socioeconomic differences in health
status, persons with a lower educational level visit their general practitioner more
often than persons with a higher educational level. For prescribed drugs there are no
socioeconomic differences in utilization, while the specialist and physiotherapist are
visited less frequently by people from lower educational groups as compared to
people from higher educational groups. People with a lower educational level use
drugs withount prescription less often than those with a higher educational level. The
resuits for hospital admissijons revealed no clear picture.
Results from studies on inequalities in the provision and use of health care services
in the United Kingdom have suggested that the National Health Service does not
guarantee equal access for everybody to the health care system. As in none of the
studies reported here adjustment was made for health status, the results should be
interpreted with caution however. A study using data from the British General
Household Survey for the years 1983-1987 showed that residents of socially
deprived areas have higher than average general practitioner consultation rates.” A
recent report showed that for some conditions (hernia, cholecystectomy, hip
operations) general practitioner consultations increase with social deprivation, while
operation rates do not appear to show the same pattern.”’ Two studies on access to
services for the management of ischaemic disease by deprivation have shown less
access for residents of poorer areas’™® while another study has shown no such
differences.”’

Policy measures

The accumulated evidence on the existence and causes of socioeconomic inequal-
itics in health asks for policy measures to reduce these inequalities. In our society,
health is very important and therefore the tendency exists to consider all
socioeconomic inequalities in health as unjust. On the other hand, freedom of
choice for every citizen is a central principle and therefore it is more appropriate to
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consider socioeconomic inequalities in health as unjust only in so far as these arise
from an unequal opportunity for everyone to achieve health. The determinants of
health leading to unjust sociocconomic inequalities in health should be subject to
policy. These determinants are living conditions beyond the control of the individ-
ual (physical and social environment and health care) and conditions of choice (e.g.
the knowledge of an individual about the health risks of a certain behaviour), Apart
from unjust inequalities, we may distinguish unavoidable and acceptable inequalities
in health. If the causes of socioeconomic inequalities in health are determined by
nature, as is the case with the distribution of genetic factors, this inequalily may be
unfair but is also unavoidable, as the distribution of these factors cannot be
changed, Other inequalities are acceptable, as these are the results of free individual
choices. This approach implies that not all socioeconomic inequalities in health are
necessarily unjust, so that not all determinants of such inequalities have to be a
target for policy measures.”

1.2 Socioeconomic inequalities in cancer
1.2.1 A description of socioeconomic inequalities in cancer

The association between socioeconomic status and cancer mortality is similar to that
for many other diseases: higher mortality rates have been observed among
socioeconomically disadvantaged people for all cancers combined, as well as for a
large number of specific cancers. ™ Socioeconomic inequalities in cancer mortality
are the end result of socioeconomic inequalities in the incidence of and survival
from cancer. For most cancers, incidence is unequaily distributed across
socioeconomic groups,”’ which might (pattly) be explained by the differential
distribution of cancer risk factors across socioeconomic groups. As with cancer
mortality,” the strength and direction of the association between socioeconomic
status and cancer incidence differs per cancer. For example, most studies have
found a higher incidence of breast cancer among women at the upper end of the
social scale.” This may be explained by a higher prevalence of risk factors such as
nulliparity and late age at first birth** among women of high socioeconomic status.
Lung cancer incidence is, on the other hand, higher in the lower socioeconomic
groups,’’ which might be explained by a higher prevalence of smoking in these
groups.

Studies on the association between sociceconomic status and cancer survival
have revealed rather consistent findings. For most cancers it was found that people
with a high socioeconomic status live longer after a cancer diagnosis than those
with a low socioeconomic status. Kogevinas and co-authors found, for patients
diagnosed between 1971 and 1981 in England and Wales, thal owner occupiers
(high sociceconomic status) had better survival than council tenants (low
socioeconomic status) for 11 out of 13 cancers in mates and 12 out of 15 cancers in
females.”” A Swedish national study found better survival for white collar workers
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than for blue collar workers for 10 out of 13 cancers in both males and females
among patients diagnosed between 1961 and 1979.® An older study, on patients
diagnosed between 1940 and 1969 in Iowa, United States, found that for each of 39
cancers, survival of indigent patients was poorer than survival of non-indigent
patients.*

In the Netherlands, only one study investigated the association between
socioeconomic status and overall cancer mortality, which was higher in men with a
low socioeconomic status as compared to men with a high socioeconomic status.”
The association between socioeconomic status and the incidence of cancers of the
lung®®, breast', and colon* was the subject of another Dutch study. Lung cancer
incidence was higher in men with a low education, while men with a high education
had a higher risk to develop colon cancer than men with a low education. For
women no association was found between socioeconomic status and the incidence of
breast”! and colon cancer”, while lung cancer incidence was not investigated in
women. The association between socioeconomic status and cancer survival has
never before been investigated in the Netherlands.

1.2.2 Explanations of socioeconomic inequalities in cancer survival

Several possible explanations of socioeconomic inequalities in cancer survival have
been studied and hypothesized; these can be grouped in four main categories.

1. Differences in tumour biology

The histological type of a tumour is both an important biological feature of a
tumour and an important prognostic factor. Its possible effect on socioeconomic
inequalities in survival can be iflustrated with the example of lung cancer. Lung
cancer patients diagnosed with small-cell fumours experience lower survival than
patients diagnosed with other histological types.** Small-cell lung tumours have
been found to be very closely linked with tobacco smoking,” which is more
common in lower sociocconomic groups.**¢ Part of the lower lung cancer survival
of patients with a low sociocconomic status as found in some studies®®* might be
explained by a higher frequency of small-celi tumours in this group of lung cancer
patients. The principle of a differential distribution of histological types across
socioeconomic groups may also apply to other cancers. -

Another biological feature of a tumour is the part of an organ (subsite) in
which it originated, which may be important in colorectal and stomach cancer. For
example, survival rates differ for subsites in colon cancer®® and the distribution of
subsifes may vary across socioeconomic groups. Part of the socioeconomic variation
in survival may therefore be explained by the distribution of subsites across
socioeconomic groups.
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2. Differences in delay in diagnosis

Delay in diagnosis of cancer can be defined as the time interval between the onset
of symptoms and the diagnosis of cancer. This total delay can be subdivided in
several periods: for example the time between the onset of symptoms of cancer and
the first contact with the health care system (patient delay) and the time between
this first contact and definitive diagnosis and/or start of the treatment (diagnostic
delay).” A short delay or an earlier diagnosis and subsequent treatment may
positively affect the natural history of the disease and therefore postpone death and
result in a frue survival advantage. However, the effect of a short delay, through an
earlier diagnosis, may also result in advancing the time of diagnosis without
postponing a patients’ death. The time which is added erroneously in this way to a
persons’ survival time is called lead time and the bias resulting from this time (lead
time bias) should always be considered as a possible arlefact explanation of any
gradient in survival by socioeconomic status.

Reliable data on delay are seldom available from medical records and there-
fore from cancer registries, which constitute the data source for many studies on
socioeconomic variation in cancer survival, The evidence on the association
between sociceconomic status and defay is mainly based on studies that used data
from clinical records, which are based on interviews with patients at the time of
hospital admission, Some of these studies have found a longer delay in the lower
socioeconomic groups,™® while others have found no association between
socioeconomic status and delay.”*

The impact of delay on socioeconomic inequalities in cancer survival can be
studied, indirectly, through stage of disease at diagnosis, because delay is related to
stage of disease at diagnosis. In studies on breast cancer it was shown that a shorter
period of delay results in less advanced stages,”**" and a less advanced stage in
general resuits in a better survival. The stage distribution of cancer patients with a
low socioeconomic status was found to be less favourable (more advanced stages)
than the stage distribution of patients with a high socioeconomic status for cancers
of the breast,”*! colon,"*'** and cervix.®

3. Differences in treatment

It has often been suggested that socioeconomic inequalities in cancer survival may
also be caused by differences in the type of treatment received by patients from
different socioeconomic groups.” However, only a few studies have taken such
differences in treatment into account. Moreover, most data on freatment come from
cancer .registry records and concern the broad type of primary treatment, because
more detailed information on treatment (on factors such as.compliance, doses and
frequency of chemo- and radiotherapy) is not available from registry records. In
two American studies it was found that within several treatment groups,
socioeconomic inequalities in survival were still apparent. These findings suggest
that major differences in treatment are not responsible for these inequalities,®
although differences in treatment may well exist in each broad treatment category.
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A higher frequency of mastectomy as opposed to lumpectomy or partial
mastectomy was found in less educated breast cancer patients in the USA, after
adjustment for tumour size and co-morbidity.*® A study on the treatment of non-
small-cell lung cancer patients in the USA found that those who had private
medical insurance were more likely to be treated with surgery than those with
another or no medical insurance. Among patients who did not have surgery, those
with private insurance were more likely to receive another form of therapy (radi-
ation or chemotherapy).”

4. Differences in host resistance

A siriking feature of the results from sfudies on sociceconomic inequalities in
cancer survival is the fact that for most cancers the same association between
socioeconomic status and cancer survival was found. A plausible explanation for
this finding is a lower host resistance among the socioeconomically disadvantaged,
leading to a more rapid tumour growth and spread, and resulting in more advanced
stages. Host resistance could be lower in patients of low sociceconomic status
because of poor nutrition, more co-morbidity, and adverse psychosocial factors such
as stressful life events, a low ability to cope with a cancer diagnosis and a lack of
social support. Stressful life events,®® and a lack of social support®™™™ have been
found to be more common among people with a low socioeconomic status in
general, but the evidence on the role of these factors in cancer patients is conflict-
ing. One study found that being able to express emotion is an important positive
prognostic factor for patients with metastatic breast cancer.” A study based on the
experience of a smaltl cohort of breast cancer patients provides limited evidence that
social stress decreases and social involvement increases survival time.™ An experi-
mental group of breast cancer patients receiving psychotherapy survived longer than
a control group of patients which did not receive such therapy.” On the other hand,
for breast cancer patients with metastatic disease, disease-refated variables probably
outweigh the influence of psychosocial factors in determining length of survival.™

The possible explanations of socioeconomic inequalities in cancer survival can
also be grouped according to the scheme applied in the Black Report (paragraph
1.1.1}. They all fit within the causation theory, although the artefact explanation and
selection may also play a role. Those differences in tumour biology that are caused
by life style characteristics, can be regarded as behavioural and cultural explana-
tions. The same is frue for delay in diagnosis, caused by either differences in
knowledge about health or attitude towards health care. Part of the variation in
delay may be caused by socioeconomic differences in access to health care, which
can be placed under the heading of structuralist explanations. Differences in
treatment, after adjustment for biological features of a tumour, and differences in
host resistance relate both to behavioural/cultural and to materialist/structuralist
explanations.
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1.3 This thesis

This thesis reports the results of a study on the association between an area-based
measure of socioeconomic status and survival from the most common cancers in the
area covered by the population based Eindhoven cancer registry (Southeastern
Netherlands). This association has been quantified and furthermore, possible
explanations of the association between socioeconomic status and cancer survival
have been studied. In order to place the results from the Dutch study in a broader
perspective, another study was undertaken on the association between an arca-based
measure of socioeconomic status and cancer survival in part of the area covered by
the population based Thames Cancer Registry (Southeast England). The aims of this
study were also to quantify the association between socioeconomic status and cancer
survival and to study the impact of possible explanatory factors on this association.

Study aims

The specific aims of the studies reported in this thesis are:

l. To describe variation in cancer survival by socioeconomic group for patients
diagnosed with common cancers between 1980 and 1989 in two areas: the
Southeastern Netherlands and the area covered by the South Thames Regional
Health Authority (RHA).

~ In both areas, survival from cancers of the lung, breast, colorectum, prostate,
and stomach was investigated. The number of patients from the South Thames
area was much larger than in the Southeastern Netherlands, and therefore also
less frequent cancers could be studied, which are cancers of the bladder,
pancreas, ovary, uterus, and cervix.

2. To investigate the impact of a number of prognostic factors on the association
between socioeconomic status and cancer survival in both areas. The prognos-
tic factors were:

(1) histological type and subsite of the tumour, as indicators of tumour
biology; subsite was only thought to be of prognostic importance for stomach
and colorectal cancer;

(2) stage of disease at diagnosis, as indicator of delay in diagnosis;

(3) type of treatment;

(4) number of life events and number of co-morbid conditions, as indicators of
host status; these factors were only studied in the Southeastern Netherlands.

3.  To compare results from the studies in the Southeastern Netherlands and the
South Thames area.
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Contents of this thesis

Chapter 2 contains a review on studies conducted since the [950s on cancer
survival by socioeconomic status in seven countries for six common cancers. The
major methodological characteristics of the studies in this thesis are described in
chapter 3. The results of studies on socioeconomic variation in cancer survival and
the impact of prognostic factors on the association between socioeconomic status
and survival are discussed in chapters 4 (Southeastern Netherlands) and 5 (South
Thames), followed by a comparison of the results from both areas in chapter 6.
Chapter 7, the discussion, evaluates the gained insights from this thesis, while
taking several methodological issues into account.
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Chapter 2. Cancer patient survival by socioeconomic status:
a review for six common cancer sites

2.1 Introduction’

Socioeconomic differences in mortality have been reported for a variety of causes
of death including cancer.!” Cancer mortality is generally higher in people of low
socioeconomic status (SES) compared with people of a high SES. This mortality
disadvantage may be the result of socioeconomic differences in cancer incidence or
cancer survival,

Sociceconomic differences in cancer incidence and cancer survival do not call
for the same health policy measures. Differences in cancer incidence ask for
interventions in the area of primary prevention, whereas socioeconomic differences
in cancer survival ask for policy measures in the area of secondary prevention or
treatment. :

We have tried to establish the size and consistency of socioeconomic differences
in cancer survival, on the basis of a systematic review of the available published
studies on the subject. This review deals with sociceconomic differences in cancer
patient survival for a number of common cancer sifes: colon, rectum, lung,
prostate, breast, and cervix.

2.2 Methods

The study material was selected through Medline and the references of papers and
books, which resulted in 40 papers on socioeconomic differences in cancer
survival. To enable a useful comparison of the results of the reviewed studies,
some exclusion criteria were developed.

Studies on patients diagnosed in the 1950s or earlier were excluded.

Hospital based studies were excluded because cancer patients treated in specific
hospitals may not be representative of cancer patients in the general population. In
particulaz, socioeconomic contrast may be larger in the general population than in a
hospital population.

Studies covering fewer than five years of follow-up were excluded, because for
many cancers survival differences may not yet be apparent shortly after diagnosis.

Three measures of SES were considered to be unfit for our purpose. Studies
using race as a measure were excluded, because it is difficult to separate the impact
of SES and other race related factors on survival. Studies that used hospital type or
insurance status as a socioeconomic measure were also exciuded, as we consider
both variables to be intermediate in the SES-survival association.

Studies that reported on fewer than 200 cancer deaths were excluded from this
review. This number of events is the minimum needed to indicate a relative risk
(RR} of dying of 1.5 when two sociceconomic groups with equal numbers are
compared (with o = 0,05 and B = 0,20).}

" Schrijvers CTM, Mackenbach JP, J Epidemiol Community Heaith 1994;48:441-446
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Cancer sites for which fewer than three papers on SES and survival were
available were not considered in this review.

Finally, 14 studies remained for inclusion in the review. Table 1 presents the
most important characteristics of the selected papers, which are ordered by country
of origin of the study population,***

The country of origin of the study population may be a determinant of the
sttength of socioeconomic differences in cancer survival. In general, these
differences are expected to be smaller in countries like Sweden, with good access
to health care services for the entire population.

The measures of SES are divided into two broad categories: measures on the
individual level such as education®, occupation'*'®'®, or housing tenure™ and
ecological measures in which the place of residence of cancer patients is used to
assign a socioeconomic score. These measures are either based on census tract®,
block group®, postcode®™!, electoral ward', or community of residence.”

Table 1 shows that most studies cover the 1970s and early 80s with the exception
of three studies which cover an incidence period starting in the 60s,%816

From table 1 it can be seen that different measures of survival were used. If the
survival of cancer patients is studied, deaths due to causes other than the cancer(s)
of interest must be excluded. In a number of studies the exact cause of death was
known, and therefore patients dying from causes other than the specific cancer
could be treated as censored in the survival amalysis. The resulting measure is
called the corrected survival rate.*!171 The relative survival rate, which is the
ratio of the observed and expected survival rate,'®! is usually calculated when
reliable information on the exact cause of death is not available. The expected
survival rate is based on life tables of the general population.

A few studies did not report on the exclusion of deaths from other causes.
In two other studies the distributions of deaths related and not related to cancer
were similar in the different socioeconomic categories and the authors did not
therefore correct for deaths from other causes.®’ Finally, the standardised case
fatality ratio was employed in one study”, in which the case fatality rates of the
entire study population for the cancer in question were used as a standard.

For most studies an RR of dying for the lowest compared with the highest SES
category was taken directly from the paper.’™" %7 For two studies®", we
calculated an RR of dying with 95 % confidence intervals (95% CI).* For one
study, the ratios of standardised case fatality rates were calculated; these are
presented for men and women separately.”® For two studies we present a survival
ratio,*'¢ because an RR of dying could not be calculated. A survival ratio is the
ratio of the survival rate of the lowest to the highest SES group and indicates worse
survival for the lowest SES group if it is below 1.00.

5,8,12,14
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Table 1. Study—po%ugation, measure of sociocconomic status (SES) and measure of survival
for 14 published reports on socioeconomic differences in cancer survival
Ref Papulation Cancer site Neof  SES measure Year of Measure of
no patignls diagnosis survival
4 Hawaii, USA Colon 1446 Ecological: weighted score 1960-74 Corrected
Rectum 881 based on: average years of sueyival rate
education and average
income per census tract;
3 categories
5 Northwestern Breast 1506 Ecological: social class, 1973-83 Survival rate’
Washingilon several indicators per block
State, USA gmup of residence;
categories
6 USA Prostate 2513 Ecological: education, % of  1977-81 Survival rate!
high school graduates,
= 25 years, per postcode of
residence; 4 categories
7 USA Recium 1528 Ecological: edvcation, % of  1977-82 Survival rate’
Colon 617 high school graduates,
= 25 years, pet posicode of
residence; 3 categories
8.9 Boston, USA Breast 563 Individual: education, years  [965-66 Survival rate’
10 Tokyo, Japan Breast 814 of schooling; 2 categories 1965-67
H South Lung 2034 Ecological: incomg, median  1977-82 Corrected
Australia Colon 2227 male Income per postcode survival rate
Breast 2676 of residence; 3 categories
12 Sheffield, Cervix 548 Ecological: occupation, 1971-84 Survival rate’
UK % of serniskilledfunskilled
workers per ¢lectotal ward;
5 categories
13 England & Breast Total Individuzl: housing tenure; 1971-8¢ Standardised
Wales Lung 17844 2 categories case fatality
Colon ratio
Rectum
Prostate
i4 South Cervix 1728 Individual: social class 1977-81 Survival rate’
'll”JI“Il(ames RHA, (cccupation); 5 calegories
15 West of Cervix 1588 Bcological: unweighed 1980-87 Corrected
Scotland, UK average of 4 census survival rate
variables per posicode of
residence; 7 categories
16 Sweden Colon 5774 Individual: eccupation; 1961-7% Relative
Rectum 3707 2 categories survival rate
Prostate 4752
Lung 7540
Breast 11531
Cervix 4087
17 Finland Breast 10181 Individual: social class 1971-80 Relative
{occupation); 4 categoriss survival rate,
Carrected
survival rate
18 Finland Colon 2969 Individual: social class 1979-82 Correcled
(occupation); 4 categories survival rate
19 Saarland, Colon 1465 Ecotoﬁicai: occupation: 1974-83 Corrected
Germany Rectum 1162 % of blue cotlar workers survival rate

a§ed 15-65y per community
of residence; education: %
with no more than 9 years
schooling per comununity of
residence; 3 categories

* Whether a correction for causes of death other than the cancer was made is unknown

t No correction for other causes of death was made because the distributions of deaths related and not related to
cancer were similar in the various SES categories
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For one study, only graphs were presented in the paper.”® We therefore obtained
the original life tables from which five year relative survival rates had been
abstracted and calculated 95% Cls from these.”

For most studies we used the number of SES categories originally distinguished
by the authors, For one study,® we reduced the original number of four categories
to bwo, to provide a sufficient number of patients per category.

2.3 Results
Table 2 shows the resuits of the selected papers ordered by cancer site.

Colon cancer

For colon cancer seven studies were included in the review. Two studies showed
no association between SES and survival.™'® The other five studies all indicated a
smail survival advantage for colon cancer patients from the higher socioeconomic
group, 11131819 Tn one of these studies the survival difference was not statisticaily
significant at the 5% level,® while in another only the raised RR for men was
statistically significant.” Finally, in one study there was no information on
statistical significance.'

Rectal cancer
For cancer of the rectum, five studies are presented in table 2. Differences in

survival were apparent in one study,” in which the RR of dying in the lowest
compared with the highest SES group was statistically significantly (p < 0.05)
larger than 1.00. Three other studies also showed worse survival for the lowest
SES group,*™! although in two studies this was not a statistically significant
difference,*” and in the third study this was only the case for men." Finally, one
study showed (not statistically significant) opposite results for men (RR = 1.18)
and women (RR = 0.82).%

Lung cancer
In the case of lung cancer, two studies presented a small, not statistically

significant survival advantage for the highest SES group.”™' In one other study it
was only mentioned that no survival difference was found."

Prostatic cancer

For cancer of the prostate one study found a rather high RR of dying for the lowest
SES category (p=0.03).° The results of the two other studies showed either a
stight, not statistically significant, survival advantage for the lowest SES category®
or for the highest SES category.'®
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Table 2. Results expressed as relative risk or survival ratio for the lowest relative to the highest
socioeconomic status group
Study ref  Relative risk of dying Survival ratio Adjusted for:
{35% CI or p value) {95% CI or p value)
Colon
4 (1.82 (0.66-1.02) Age, sex, race, stage
7 097 (p > 0.05; Age, sex, race, stage
i3 1,26 (1.04-1.52 Age, plage of residence
13 M: 1.44 (p < 0.05) Age, period of follow-up
F: 1.11 (p > 0.05)
%g L1st M,F: 1.00 (p > 0.05)" Age, sex, follow-up year
19 1,22 (1.01-1.47) Age, sex, stage, year of diagnosis,
region, district
Rectum
4 0.79 (0.60-1.05) Age, sex, stage, race
7 1.09 (F > 0.05 Age, sex, stage, 1ace
13 M: 118 (p > 0.053) Age, pericd of follow-up
F: 0.82 (p > 0.05)
16 M: 0.83 (p < 0.05)
F: 0.91 (p > 0.05) . .
19 1.32 (1.09-1.60} Age, sex, stage, year of diagnosis,
_region, district
Lung
1 No difference’ Age, histology, birth place
i3 M: 1.08 (p > 0.05) Age, period of follow-up
F: 1.13 (p > 0.05)
16 M: 0.93 (p > 0.05)
F: 0,96 {(p > 0.05)
Prostate
6 1.86 ( =0.()3(g Age, race
13 0.91 (S > 0.05) . Age, period of follow-up
16 0.94 {(p > 0.05)
Breast
5 £.52 (1.28-1.88) Age, race, stage, histology
8 Boston:1.32 (1.08-1.61) Age
?0:1.30 (0.91-1.86)
i1 13 $1.04-l.74) Age, histology
13 0.98 (p > 0.05) . Age, period of follow-up °
6 0.91 (p < 0.05) .
7 1.28 (p < 0.05) Age, period of diagnosis, follow-up
year
Cervix
i2 1.1 (0.99-1.23)
14 No difference (p>0.05) Age, stage
15 1.11 (0.64-1.92) Age, stage, histology, tamour grade,
. health board, year of treatment
16 0.91 (p < 0.05)

M = male, F= female . .
p value for this study < .05 when the 95% CIs for 5 year relative survival rate for the two SES
groups do not overlap; ' p value not reported

Breast cancer

Data on sociceconomic differences in breast cancer survival come from six studies
in this review. Bxcept for one study," they all showed a raised RR of dying for
patients with the lowest SES 111647 However, the results for Japan in one study
were not statistically significant.®
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Cervical cancer

Finally, for cancer of the cervix only one study showed a statistically significant
higher survival rate for the highest SES group.’ Two studies showed a slight
survival advantage for the highest SES group, which was not statistically
significant,’% while in the fourth study no difference in survival between SES
groups was found.™

2.4 Discussion

We have reviewed results from 14 studies on sociceconomic differences in survivai
for six cancer sites. As can be seen from fable 2, survival differences are generally
rather small. Furthermore, results differ in relation to the cancer site. With regard
to the results, we distinguished between three fypes of studies: (1) those showing a
statistically significant difference in survival; (2) studies showing survival
differences, which are not statistically significant; and (3) studies showing no
survival difference according to SES.

For cancers of the breast, colon, rectum, and cervix, most studies showed better
survival for patients from higher socioeconomic groups. For these cancers all the
statistically significant differences suggest a survival advantage for those of higher
SES, and most of the non-significant differences agreed with this.

The results are unclear both for lung cancer and cancer of the prostate. For lung
cancer, onfy small, non-significant survival differences were found in two
studies,™'® with the higher SES groups showing an advantage, while no difference
was found in the third study." For cancer of the prostate, the results of one study
which showed significantly better survival for the higher SES group,® were
contradicted by one™ of two studies that showed non-significant results.

In general, socioeconomic survival differences are thought to be larger in
cancers of relatively good prognosis,?? as earlier detection and treatment can be of
greater influence on the survival for these cancers, This is more or less confirmed
by our review, although the picture is less clear than expected.

For breast cancer, overall survival is rather good® and survival differences are
relatively large. For fung cancer, which has the lowest overall survival probability
of the six cancers studied,® very small survival differences were found. The
remaining four cancer sites have an intermediate level of survival.?® For cancers of
the colon, rectum, and cervix survival differences according to SES were found,
which is in concordance with their overall level of survival. For cancer of the
prostate, which has a better overall survival than colon cancer, the results are less
clear.

The general pattern of sociceconomic survival differences described above seems
to be quite coherent. However, the results of the separate studies may have been
influenced by their study design (for example, study population, measure of SES,
period of diagnosis) and data analysis (for example, number of other factors for
which adjustment was made in the survival analysis, the reporting of confidence
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intervals). We will briefly mention some of the differences in study design and data
analysis.

As we have already stated, study results might depend on the country of origin
of the study population. We did not observe a systematic difference, however, in
study resuits per country. Another important feature of study design concerns the
measure of SES which is used in a study. In general, ecological measures are more
prone to misclassification than measures based on individual characteristics. This
misclassification is probably not related to the outcome and therefore results in a
bias towards the null hypothesis. For exampie, in one study the measure of SES
was based on the median male income per postcode of residence.!! This measure
was also applied to female survival data, therefore causing even more
misclassification.

Some individual measures of SES, such as housing tenure,” are only rough
indicators. This could account for the inconsistency of the results from this stady
with those from other studies, for example, for breast cancer,

Overall, studies using an ecological measure® 1121599 did not differ substantially in
their results from those using an individual measure of SES,31%14.16-18

The measure of outcome employed in a study on SES and cancer survival is
another characteristic which may influence the study results. In studies using the
relative survival rate as outcome, the expected survival rate is based on life tables
of the general population. However, life expectancy of people from lower
socioeconomic groups is lower than life expectancy of the general population.
Therefore, their relative survival rate is underestimated, while for higher
socioeconomic groups it is overestimated. Karjalainen and Pukkala! compared
socioeconomic differences in relative and corrected survival rates and showed that
by using the relative survival rate the absolute difference in rates between the
highest and lowest social class was larger, The ratio of survival rates of the highest
and lowest social class was very similar using either the relative or corrected
survival rate however. A small overestimation of sociceconomic differences in
cancer patient survival can result from using the relative survival rate, as in the
Swedish study.!'® For cancer of the cervix only, however, this study™ does show a
larger difference in survival according to SES than the other studies, '3

Although it was not clear whether correction for deaths from causes other than
cancer was made in four studies,’®'*' results of these studies did not differ
substantially from those of other studies.

The number and type of variables for which adjustment in the survival analysis
was made also varied across studies, which made a comparison of results rather
difficult. For cervical cancer, however, the resvlts from three UK studjes are
consistent, although in the analysis of one study adjustment was made for many
variables," while in two other studies this was not the case. !

It is important to know, as we noted in the introduction, whether socioeconomic
differences in cancer mortality are mainly caused by incidence or survival
differentials. We therefore compared our findings on survival with published data
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on cancer mortality according to SES for the six cancer sites which were studied.
The selected studies concern patients diagnosed between the second half of the
1960s and the beginning of the 1980s in Finland,' Australia,”® New Zealand,?
Switzerland,” the UK* and the USA.Y!

For rectal cancer no association exists between SES and mortality.>*%
Mortality is higher in lower socioeconomic groups for cancers of the lung*** and
cervix."*#¥ For cancers of the colon, prostate, and breast, either no mortality
differences were found (colon,”* prostate,?3! breast®”*) or there was a higher
mortality in higher SES groups (colon,*?¢ prostate, % preast?),

If we compare our findings on cancer survival with the published data on
socioeconomic differences in cancer mortality, we come to the following
conclusions.

For lung cancer, the higher mortality in the lower socioeconomic groups cannot
be ascribed to sociceconomic differences in survival, which seemed to be rather
small and insignificant. Mortality differences must therefore be the result of
differences in incidence. This is confirmed by findings from studies on SES and
lung cancer incidence, which showed a higher incidence for the socially
disadvantaged 223234

For cancer of the cervix, higher mortality was found for the lower
socioeconomic groups, while small survival differences were found in the reviewed
papers for this cancer. These mortality differences must therefore be the result of
the socioeconomic differences in cancer incidence which have been reported in
several studies and which indicate a higher incidence in the lower SES
groups,2529:33.35

For cancers of the breast and colon, mortality was higher in higher SES groups
in some, but not all, studies, while survival seemed to be better in these groups.
Thus, for these cancers, the better survival for patients from higher SES groups
could somewhat weaken the positive association between SES and mortality, or
make it totally disappear in some situations. The incidence for these cancers is
higher in the higher SES groups (breast,”>*73 c¢olon®*3*%) which confirms that
mortality differences for these cancers are also mainly caused by differences in
incidence.

For rectal cancer, no socioeconomic gradient in mortality was found, but
survival differences do exist. With regard to incidence too, no socioeconomic
gradient was found,”* which makes the evidence on the impact of incidence and
survival differences according to SES on mortality differences rather inconclusive.

Finally for cancer of the prostate mortality was higher in higher SES groups in
some studies, while results on survival were inconsistent. The mortality differences
according to SES for this cancer seem to be caused by sociceconomic differences
in incidence. This is confirmed by the finding in several studies that the incidence
of this cancer is higher in men from high socioeconomic groups.?-*3436.37

We conclude that overall the impact of socioeconomic differences in cancer
survival on differences in cancer mortality is low. Socioeconomic differences in
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cancer mortality are mainly caused by differences in incidence. Health policy
measures in the field of primary prevention aimed at known cancer risk factors
should therefore be taken to reduce socioeconomic differences in cancer mortality.
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Chapter 3. Materials and methods

3.1 Data sources

The studies reported in this thesis are based on different data sources. The majority
of the data came from two population based cancer registries, which will be
discussed in part 1 of this chapter. Data for the study on socioeconomic variation
in cancer survival in the Southeastern Netherlands came from the Eindhoven cancer
registry (paragraph 3.1.1), while the association between deprivation and survival
in the South Thames area was studied with data from Thames Cancer Registry
(paragraph 3.1.2). Some basic issues involving the guality of cancer registration are
also discussed (paragraph 3.1.3), as is the Loagitudinal Study on Socio-Economic
Health Differences (LS-SEHD). This study provided data to study the association
between SES and a number of prognostic factors in the Southeastern Netherlands
{paragraph 3.1.4).

3.1.1 Eindhoven Cancer Registry, The Netherlands

This regional cancer registry is population based and started operating in 1955. It is
the oldest regional cancer registry in the Netherlands. In 1985 (midyear of the
study period) the registry covered an area of about 2500 km?, with almost 1 million
inhabitants (7% of the Dutch population) in the Southeastern part of the Nether-
lands. Since 1989, the mid-western part of the province Brabant is also covered by
the registry, resulting in a total population of about 2.2 million inhabitants. In this
study we cover the period 1980-1989 and therefore we only report on patients
living in the area of about 1 million inhabitants as mentioned above.

Registration is based on notifications of newly diagnosed cases from the
departments of pathology, surgery and other hospital departments, as well as from
the regional radiotherapy institute and from medical records departments. Data are
collected from the medical records of the newly diagnosed patients during regular
visits to these institutions, generally within 6 months after diagnosis. Incidence for
the 1980’s has been reported.'?

The (active) follow-up of deaths consists of systematic checks of the vital status
of patients, both through hospitals and in municipal population registers. Less than
1% of the patients diagnosed in the period 1975 to 1985 proved to be lost to
follow-up.? In the survival study reported in this thesis, follow-up of patients ends
at July 1, 1991.

3.1.2 Thames Cancer Registry, Great Britain

This population based cancer registry has been recording cancer in the popuiation
of South East England since 1960, Until 1984, it covered the territory of the South
Bast and South West Thames Regional Health Authority (RHA) and in 1985
coverage was extended to North East and North West Thames RHAs. For the
survival study reported in this thesis, only data from South East and South West
Thames were used, as the study concerned the period of diagnosis between 1980
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and 1989, In the remainder of this thesis the total of both areas will be referred to
as South Thames. The registry covers an area which contains about a quarter of the
population of England and Wales (14 miliion people).

Data are collected actively from hospitals and other health care facilities which
include pathology, haematology and cytology iaboratories, wards and outpatient
units, and departments of radiotherapy. Furthermore, death certificates are an
important source of information, as wiil be described in the next section of this
chapter. Incidence for the 1980s has been reported.*®

The follow-up of deaths of cancer patients is passive, which means that all
deaths (both cancer and non-cancer deaths) are notified to the Registry, cancer
deaths by the Office of Population Censuses and Surveys, and deaths due to other
causes of people already registered with cancer by the National Health Service
Central Register’®. Up to 4% of cancer registrations remain unfraced at the latter
register.” In the survival study reported in this thesis, the follow-up of patients ends
at December 31, 1992,

3.1.3 Quatlity of cancer registry data

The quality of cancer registry data concerns both the validity of the recorded
information and the completeness of registration. In this paragraph we will discuss
three indicators of data quality: two indicators of validity and one indicator of
completeness. These indicators were used by the editors of Cancer Incidence in
Five Continents (volume VD', to judge on the suitability of registry data to be
included in this monograph. Both the Eindhoven and Thames Cancer Registry
contribute data to this monograph.

Histological verification

Validity of cancer registration can be defined as the proportion of cases recorded
with a given characteristic (e.g. sex, age, cancer site) which truly have the
attribute. One commonly used indicator of the validity of diagnostic information is
the percentage of cancer registrations confirmed by histology (HV %).'® Histologi-
cal verification of suspected tissue by a histopathologist is usually taken as the gold
standard of diagnostic evidence. Cases registered without histological confirmation
of diagnosis may often have advanced disease, be older or receive palliative care
and they may therefore have a lower survival than histologically confirmed cases.
On the other hand, some of these cases may not have cancer at all, The HV% is
assessed per cancer site, thus taking into account the possibility that reliable
alternative diagnostic methods are available.”® In Table 1, the HV% contains both
cases diagnosed by histology and cytology and it is clearly higher in the Southeas-
tern Netherfands as compared to the South Thames area, both for all sites combi-
ned as well as for the most common cancers separately.t
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Death certificate only cases

A high percentage of cases registered on the basis of a death certificate only is
generally considered to be a negative indicator of validity. This indicator shows for
how many registrations no other information than a death certificate mentioning
cancer can be obtained. In couniries where the death certificate is a public docu-
ment, cancer registries obtain information about persons dying with cancer in the
registry’s territory; cancer can be the underlying or contributing cause of death.
This procedure is followed by Thames Cancer Registry, but not by the Eindhoven
Cancer Registry, as the death certificate is not a public document in the Nether-
lands,

If a patient, notified through a death certificate, is not already known to the

Thames Cancer Registry, data on the clinical diagnosis, date of diagnosis and
treatment is searched for.'"* For about one third of these patients, clinical details
could not be found. These cases are the real death-certificate-only (DCO) registra-
tions who made up almost 20 percent of all registrations in the period 1983-1987
{table 1). The percentage of DCO cases is higher in cancers with a low survival
rate (lung and stomach) as compared to cancers with an overall better survival
(colorectum, prostate and breast). Furthermore, access to specialised care may also
be an important determinant of the proportion of DCO-cases.
The date of diagnosis of DCO cases is unknown and they can therefore not be used
in survival calculations. If most DCO cases visited a physician in the terminal stage
of their life and therefore no treatment was initiated, the survival rate without these
DCO cases would be an overestimation of the true survival rate in the population,
as the DCO cases have a lower survival rate.

MortalinWincidence ratio
Completeness of cancer registration is the proportion of all incident cancers in the
target population which are included in the data base of a cancer registry. Incom-
pleteness can be minimized by using muitiple data sources from a wide variety of
sectors of the health care system where cancer patients are diagnosed and freated.
One indirect method of measuring completeness is to compare the number of
cancer registrations with the number of cancer deaths in the same population and
time period, which results in the mortality/incidence (M/I) ratio. If this ratio
exceeds 1, it is usually a signal of incompleteness. The M/ ratio will be equal to
(1-survival probability) in a steady state of constant incidence and survival and if
reporting of cause of death was accurate. Site specific evaluation of the M/ ratio is
necessary, as for cancers with a poor survival the ratio will be close to 1, while for
cancers with a good survival the M/I ratio will be lower. A direct comparison of the
M/T ratio in both areas is not possible; e.g. because overall survival is higher for
most cancer sites in the Southeastern Netherlands than in the South Thames area.”
The M/T ratios in table 1 are indeed mostly higher for the South Thames dafa as
compared to the Southeastern Netherlands.



26 Chapter 3

Table 1. Indices of data quality, six most common cancers and all sites’, Southeastern
Netherlands and South Thames, 1983-1987%
Southeastern Netherlands South Thames
Males Females Males Femates
Lung
HV% 89 86 54 50
DCO - - 22 24
M/I 98 95 93 91
Breast
HV% na 97 na 73
DCO na - na 12
M/ na 39 na 56
Colon
HV% 93 94 67 64
DCO - - 19 22
M/I 63 69 72 71
Rectum
BV% 97 97 77 73
DCO - - 13 16
M/ 47 44 59 60
Prostate
HV% 95 na 69 na
DCO - na 16 na
M/T 53 na 63 na
Stomach
HV% 94 91 59 49
DCO - - 24 29
M1 82 90 89 28
All sites”
Hv% 88 90 63 65
DCO - - 19 18
M1 73 58 75 68

HV %: % with histological verification; DCO: death certificate only; M/I: mortality/incidence
ratio; na: not applicable ™ All sites but nonmelanoma skin cancer

An independent case ascertainment method to estimate completeness is to be
preferred, as this involves a comparison of cancer registry data with an independent
source of information." !> No such direct measure of completeness for the 1980s is
available for either of the registries. Recently, a comparisen was made between the
1992 data of the Eindhoven Cancer Registry and data of the National Hospital
Discharge Registry which registers diagnoses of ail hospitaiized people in the
Netherlands. This comparison showed some incompleteness for pancreas cancer,
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and for lung cancer in the elderly, while overall incompleteness was 2% (Coebergh
JWW, personal communication). Thames Cancer Registry has recently carried out
a research project to estimate the completeness of registration, using both routinely
recorded information from the registry’s data base and death certificates. This has
shown that, five years after diagnosis, overall completeness was approximately
92% (Bullard J, personal communication).

We conclude that the HV% is relatively low for data from Thames Cancer
Registry as compared with the Eindhoven Cancer Registry. Furthermore, the
DCO% is rather high for the Thames data, but unfortunately this indicator of
validity cannot be calculated for the Eindhoven Cancer Registry data, as the death
certificate is not a public document in the Netherlands, Both the M/I ratio as
indicator of completeness and more recent study results show that incompleteness is
probably not very large in both areas.

3.1.4 The Longitudinal Study on Socio-Economic Health Differences

The Longitudinal Study on Socio-Economic Health Differences (LS-SEHD) is a
prospective cohort study which started in 1991. For this study, an asclect sample
(stratified by age, degree of urbanization and socioeconomic status) of approximate-
Iy 27000 persons was drawn from the population registers in an area in the
Southeastern part of the Netherlands, which is completely covered by the Eindho-
ven Cancer Registry. The persons in this sample received a postal questionnaire,
resulting in a response rate of 70.1% (n=18973). There were small differences in
response according to some background characteristics. Response was lower in the
Iargest city Eindhoven (69%) as compared to the smallest municipalities (73%).
The two lowest socioeconomic groups had a response rate of 68%, while it was
73% in the highest socioeconomic category (socioeconomic status was based on the
postcode of residence). Women had a higher response raie (72.4%) than men
(67.8%), while the response rate increased with age: 15-34 years (67.2%), 35-54
years (69.2%), 55-74 years (73.1%).

The LS-SEHD aims at assessing the contribution of different mechanisms and
factors to the explanation of socioeconomic inequalities in health in the Nether-
lands, The postal survey confained questions on the highest level of education
attained, and the occupational level of the respondent and occupation of the main
breadwinner in the respondents’ household. The indicators of health measured
through the postal survey were: perceived general health, subjective health
complaintés and chronic conditions. Finally, a number of explanatory factors of
sociceconomic inequalities in health have been measured: health-refated life style
factors, structural/environmental factors, psychosocial stress-related factors,
childhood environment, cultural factors, psychological factors, and health in
childhood.

Follow-up information of the participants in this study will be collected from
different sources. Information on changes of address, marital status, and vital status
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will be obtained from the population registers of the municipalities in the study
area. Furthermore, the medical cause of death will be retrieved by linkage to the
national cause-of-death register. The national hospital admission register will be
used to measure the incidence of specific chronic conditions, by diagnosis at
discharge and counting first admissions for each condition only. Finally, the
Eindhoven Cancer Registry will be used to measure the incidence of cancer in the
study population,

3.2 Measures of Socioeconomic Status
3.2.1 Introduction

In most studies on socioeconomic variation in cancer survival, data from population
based cancer registries have been used and in these, the sociceconomic status of
individuals has rarely been measured directly. An alternative for individual
measures of socioeconomic status are area-based measures, which have frequently
been applied in the United States and the United Kingdom. In most studies on
socioeconomic variation in cancer survival in these couniries, census data have
been used to determine the average socioeconomic level of each small area, '

In the Netherlands, the regional cancer registries do not contain data on the
sociceconomic status (such as occupation and education) of individuat cancer
patients. Furthermore, recent census data are not available in the Netherfands, as
the last census was held in 1971, We therefore used a measure of socioeconomic
status which has been developed for marketing purposes, which is based on the
place of residence at time of diagnosis of each individual cancer patient (paragraph
3.2.2).

We have also used an area-based measure of deprivation in our study on
socioeconomic variation in cancer survival in the area covered by the South
Thames RHA. The data base of Thames Cancer Registry does contain information
on the occupation of cahcer patients, but this is incomplete or missing for a large
proportion of patients. Area-based measures of deprivation are much more integra-
ted in British research as compared to the Netherlands, not in the least due to the
availability of data from the ten-yearly census, which has been used to develop
single and combined area-based measures of deprivation. One of these measures is
the Carstairs Index,* a well-known measure of material deprivation which has been
used in the British study (paragraph 3.2.3).

3.2.2 The Dutch Study

The measure of sociceconomic status developed for this study is area-based, as
mentioned before. Through the postcode of residence at time of diagnosis, each
patient was first assigned to one of 45 categories of a sociodemographic classifica-
tion which was then collapsed into 3 or 5 categories. Several steps were taken {o
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derive the measure of socioeconomic status as used in this study, using information
at different levels of aggregation which is described in the next paragraph. Further-
more, the resulis of studies which aimed at validating the area-based measure will
be discussed,

Development of the area-based measure of socioeconomic status

Table 2 shows which steps were taken to develop the area-based measure of
socioeconomic status and the information that was used at different levels of
aggregation. We acguired data at level 3 from CCN marketing systems; the steps
from level 1 to 2 and level 2 to 3 were implemented by CCN, while the step from
level 3 to 4 was constructed by us.

Level { refers to the original data gathered by various agencies on a large

number of socioeconomic and demographic characteristics of individual people.
Examples of these socioeconomic variables are: occupation, education, and type of
heaith insurance, while examples of demographic variables are: age, sex, and
marital status. The majority of the data collected at level 1, came from face-to-face
interviews in which questions were asked about all the members of a respondents’
household. These interviews contained a question on the highest educational level
attained by the main breadwinner in the household in which three categories were
distinguished (low: primary school or lower vocational; intermediate: lower general
or intermediate vocational; and high: intermediate/higher general, higher vocatio-
nal, university).
These individual data from the interviews have been used by CCN marketing
systems to estimate the average level and distribution of a number of socioecono-
mic and demographic characteristics at the postcode level (level 2). In this way,
data are available on socioeconomic and demographic variables for each postcode
area in the Netherlands (on average containing 16 households). Examples are:
occupation (% of main breadwinners per postcode area in each of 5 categories),
education (% of main breadwinners per postcode area in each of 3 categories),
while examples of demographic variables are: the age-distribution and the average
number of persons per household in each postcode area.

Table 2. Data used at each level of aggregation to derive the area-based measure of
socioeconomic status in the Dutch study
Level  Individual Postcode 45 sociodemographic 5 sociceconomic
categories categories

{1) (2) (3) )

Data socioeconomic average values and  average values and average number
and demographic  distribution of distribution of of years of
data collected in sociceconomic and  socioceconcmic and education

interviews demographic data  demographic data
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The information on approximately 20 variables and their separate categories at
the postcode level (level 2) was used by the marketing agency to assign each
postcode-area to one of 45 categories of a sociodemographic classification (level 3),
using a non-hierarchical cluster analysis.” The resulting classification is a nominal
typology of 45 categories and examples of descriptions given to some of these
categories are: "rural with a high socioeconomic status", "higher income with older
children”, and "young with a high income".

The registration area of the Eindhoven Cancer Registry consists of 22,853
postcode areas, which, on the basis of a cluster analysis, have each been assigned
to one of the 45 categories of the classification, The 45 categories were finally
collapsed by us into 5 hierarchical socioeconomic categories (level 4). We calcu-
lated the average number of years of education at the national level for each of
these 45 categories, ordered them according to this number, and divided the
distribution into quintiles based on the percentage of persons in the Netherlands
living in postcode sectors belonging to each of the 45 categories.

The average number of years of education for each of the 45 categories was
calculated by multiplying the percentage of main breadwinners in each of 3
educational categories by a corresponding number of years of education and taking
the sum of the resulting three figures, using the following formula;

(7.5 x % with low educ.}+ (10 x % with intermediate educ.)+ (15 x % with high educ.)/total %

The 3 educational categories in this formula refer to the highest attained level of
education (low: primary school or lower vocational; intermediate: lower general or
intermediate vocational; and high: intermediate/higher general, higher vocational or
university), while the corresponding number of years of education in the 3 educa-
tional categories was 7.5 in the lowest, 10 in the intermediate and 15 in the highest
educational category.

Tabie 1 (appendix) shows to which of the 5 socioeconomic categories each of
the 45 categories of the original classification has been assigned. These 5
soctoeconomic categories were used in the survival analyses for cancers of the
lung, breast, and celorectum. As the total number of patients for cancers of the
prostate and stomach was relatively small, the 45 categories were also divided into
3 socioeconomic categories, based on tertiles of the underlying popuiation (table A,
appendix).

Results of the validation of the area-based measure of socioeconomic status

We have conducted different types of studies to validate the area-based measure of
socioeconomic status, using data from the postal survey which is part of the base-
line data collection of the Longitudinal Study on Socio-Economic Health Differ-
ences (LS-SEHD} (paragraph 3.1.4). For respondents to the LS-SEHD postal
survey (n=18973), data were available on education, occupation, occupation of the
main breadwinner, the score on the area-based measure of socioeconomic status
and a number of health indicators.
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Validation studies will be discussed with respect to individuals (level 1), postcodes
(level 2) and 45 sociodemographic categories (level 3). Furthermore, the associati-
on between several indicators of socioeconomic status (individual education,
occupation and the area-based measure in 3 or 5 categories) and several health
indicators will be discussed.

1. Validation at the individual level

Firstly, we validated the area-based measure at the individual level by crosstabula-
ting the area-based measure in 5 socioeconomic categories {level 4) with individual
education in 4 categories (level 1), using data of respondents (n=18227) to the LS-
SEHD survey. The results of this comparison are shown in table 3, from which we
observe a higher percentage of respondents with a low education in the lower
categories of the area-based measure and a higher percentage of respondents with a
high education in the higher categories of the area-based measure. Overall, corres-
pondence between the measures is moderate, the Pearson correlation coefficient
between the area-based measure and education at the individual level was 0.25. The
results were very similar for all possible combinations of the area-based measure (3
or 5 categories) and education at the individual level (3, 4 or 7 categories). Similar
values have been reported from another study®® in which the Pearson correlations
between individual-level and census tract-level socioeconomic variables ranged
between 0.2 and 0.4, using several types of socioeconomic variables. These levels
of correlations imply an underestimation of the association between individual
socioeconomic status and cancer survival if area-based measures of socioeconomic
status are used, under the assumption of nondifferential misclassification of
sociceconomic status.”

‘Fable 3. Association between the area-based measure of socioeconomic status {5 categories)
and individual level education {4 categories)
Education
Area-based Low (1} 2 3 High (4) Total
Low (1) 34.2 42.4 16.7 6.7 100
2 25.4 43.7 204 10.5 100
3 2290 40.4 22.1 15.5 100
4 19.1 37.5 24.8 18.6 100
High {5) 14.8 345 25.5 25.2 190
Total 23.3 394 21.8 15.5 100

* Measured as: (1) primary school only; (2) lower vocational and lower general; (3) intermedia-
te vocational and intermediate/higher general; (4) higher vocational and university




32 Chapter 3

2. Validation at the postcode level

Information on education at the postcode level was used by the marketing agency to
assign each postcode to one of 45 sociodemographic categories. We selected the
postcode areas for which at least 6 respondents were found in the LS-SEHD survey
(381 out of a total of 2615 postcodes) and we calculated the average number of
years of education per postcode area with the formula as described on page 30. For
each of the 381 postcodes, the average number of years of education as derived
from the original classification could be compared with the average number of
years of education as calculated with the LS-SEHD survey data on education. Both
average numbers were subsequently used to assign a postcode to one of the 5
socioeconomic categories, applying the classification as given in table 1 (appendix).

The distribution of postcodes across 5 socioeconomic categories based on either
of these sets of average numbers of years of education was compared. Table 4
shows fhat 52% of the postcodes that had been assigned to the lowest category of
the area-hased measure, was also assigned to the lowest category if LS-SEHD
survey data were used to calculate the average number of years of education. The
percentage of postcodes which was assigned to the same socioeconomic category
was much lower for the categories 2 to 4, while it was about 61% for the highest
category.

The Pearson correlation coefficient between the two variables was 0.51. We
may conclude from this exercise that although misclassification is fairly substantial,
validity at the postcode level is satisfactory, given that the assignment of postcodes
to one of 45 categories by the marketing agency was based on a large number of
socioeconomic and demographic variables, and that education was only one of
them,.

Table 4. Association between the measure of socioeconomic status in 5 categories based on
individual data from the LS-SEHD postal survey and from the classification of 43
sociodemographic categories

Categories based on LS-SEHD data

Original Low (1) 2 3 4 High (5} Total
classification

Low (1) 52.3 16.6 13.5 7.3 10.3 100
2 20.8 33.2 20.8 6.3 18.9 100
{3) 19.5 9.8 243 9.8 36.6 100
(4} 16.7 200 20.0 200 233 100
High (5) 14 11.6 132 13.0 60.8 100

Total 32.8 17.3 16.0 9.4 24.5 100
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3. Validation at the level of 45 sociodemographic categories

We compared the average number of years of education according to marketing
agency data for each of the 45 categories (level 3) with the average number of
years of education according to LS-SEHD survey data. The LS-SEHD survey data
directly apply to the inhabitants of the postcode areas included in the analysis. We
included only 32 of the 45 sociodemographic categories in this analysis, as for
these at least 100 respondents were found in the LS-SEHD survey. In both series
of analyses, the calculation was done with the same formula (page 30) and using
the same 3 categories of education.

Table 5. Average number of years of education per soctodemographic category based on
marketing agency data or 1.8-SEHD postal survey data

Socio- Resp.  Average Average Socio- Resp.  Average Average
demo, {N) education education demo. ™) education education
cat.” agency’ LS-SEHD*  cat.’ agency! LS-SEHD}
22 721 7.8 8.6 8 468 101 102
21 181 8.2 9.0 31 301 10.2 i0.2
39 2056 8.2 9.0 6 155 10.3 115
26 112 82 8.9 i 163 16.3 11.7
18 256 8.5 9.0 12 822 10.6 10.5
20 1449 8.6 9.0 27 251 10.6 10.7
25 320 8.8 9.9 17 240 10.8 11.1
36 182 8.9 8.5 32 192 10.9 10.7
23 177 8.9 9.9 5 1148 10.9 10.4
38 928 8.9 9.6 2 610 11.0 10.4
24 162 9.2 9.9 28 176 11.0 10.3
44 231 9.4 92 30 123 11.0 11.0
7 665 9.5 9.3 4 1358 112 10.6
19 1333 9.7 9.6 i 1239 12.8 119
10 473 9.7 10.7 29 159 13.4 i1.6
9 305 9.8 10.0 3 881 13.8 11.7

The 32 categories were ordered by the average number of years of education based on
marketing agency data

' average years of education as calculated with data from the marketing agenc

' average vears of education as calculated with data from the LS-SEHD postal survey

Table 5 shows that the variation in average number of years of education
between the sociodemographic categories is larger when marketing agency data are
used as compared to data from the LS-SEHD survey. This could mean that socioe-
conomic contrast is smaller in the study area of the LS-SEHD as compared to the
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Netherlands at the national level, to which the marketing data apply. The Spearman
rankcorrelation coefficient between these two series was 0.87, which implies that
the area-based measure is a good indicator of the average level of education for
each of the 45 sociodemographic categories.

4. Study of the association between socioeconomic status and health, using both
individual and area-based measures of socioeconomic status

The validation studies carried out at different levels of aggregation suggest an
underestimation of the association between individuai level socioeconomic status
and several health measures, such as cancer survival. We determined the associati-
on between the area-based measure of socioeconomic status and health and
compared this with the effect of a number of individual measures of socioeconomic
status on health, using data from the LS-SEHD postal survey. The measures of
socioeconomic stafus in this analysis were: the area-based measure both in 5 and in
3 calegories, the education of the respondent in 7 and 3 categories, the occupation
of the respondent in 6 categories, and the occupation of the main breadwinner in 6
categories. Occupation was classified according to the Erikson, Goldthorpe and
Portocarero (EGP) scheme, which consists originally of ten levels.”” The 6 cat-
egories distinguished in this analysis were: (1) unskilled manual workers and low
skilled manual workers, (2) high skilled manual workers, (3) seif-employed, (4)
routine non-manual employees, (5} lower grade professionals, (6) higher grade
professionals. The measures of outcome were: perceived general health, subjective
heaith complaints and chronic conditions. Perceived general health was measured
by the answer on the question "How do you rate your health in general?". The
answer was dichotomized into (very} good versus less than good (fairly good;
sometimes good, sometimes bad; bad). Subjective heaith complaints were measured
by means of a checklist, containing 13 questions on complainis about the heart,
stomach, etc. This variable was dichotomized into 3 or less versus 4 or more
complaints. Finally, the number of chronic conditions was measured through a
checklist of 23 chronic conditions (e.g. diabetes, low back pain, cancer, heart
disease etc), and the variable was dichotomized into none versus at least one
chronic condition. The following confounders were taken into account: sex, age (5
year groups), marital status (4 categories), religious affiliation (5 categories), and
degree of urbanization (5 categories). The association between socioeconomic status
and each of these health measures was expressed in an odds ratic and 95%
confidence interval, resulting from logistic regression analyses, after adjustment for
confounding variables.

From table 6 it can be seen that for perceived general health the gradient in odds
ratios is the same for each measure of sociceconomic status. The odds of having
less than good perceived general health is consistently higher in the lower
socioeconomic categories. The strength of the association between sociceconomic
status and perceived health is greater for the individual measures than for the area-
based measures of socioeconomic status, as indicated by the odds ratios, which are
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higher for occupation and education than for the area-based measures. The results
for subjective health complaints and chronic conditions are similar to those for
perceived health. Overall, the gradient for the different socioeconomic measures is
in the same direction but much weaker when the area-based measure is used. For
chronic conditions, the odds ratios are much smaller in general than for the other
two health indicators and the gradient is aiso less consistent, especially when
occupation is used as socioeconomic indicator,

We conclude that the association between individual level socioeconomic status
and heaith (perceived general health, subjective health complaints, chronic condi-
tions) is underestimated when area-based measures of socioeconomic status are
used. This finding should be carefully extrapolated to the survival analyses of the
Dutch study reported in this thesis, as survival is an objective health measure and
the health measures as reported in the postal survey are subjective. We may assume
however, (hat the association between individual level sociceconomic status and
cancer survival will also be underestimated which is also indicated by the resuits of
the other validation studies described in this chapter. We do not know the size of
the underestimation however.
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Table 6. Association between socioeconomic status and perceived general health, subjective health
complaints, and chronic conditions: odds ratio and 95% confidence interval adjusted for
age, sex, religion, marital status and degree of urbanization
Health measure
Percelved general Subjective health
SES measure health coniplaints Chronic conditions
(fess than good) {at least 4) (at least 1)
Area-based
5 categories’
1 {low) 1.92 (1.74-2.12) 1.49 (1.36-1.64) 1,16 (£.06-1.26)
2 1,57 €1.39-1.76) 1.35 (1.22-1.51) £.13 (1.02-1.25)
3 1.37 (1.22-1.53) 1.14 (1,02-1.263 1.12 (1.01-1.23)
4 1.33 (1.18-1.50}) 1.16 (1.04-1.29) 111 (1.00-1.23)
3 (high) 130 1.00 1.00
3 categories”
Low 1.71 (1.57-1.86) 1.43 (1.32-1.55) 1.12 (1.04-1.20)
Mediuvm 1.30 (1.19-1,42}) 1.13 (1.04-1.23) 1.08 (1.00-1.16)
High 1.00 1.00 1.00
Education
7 categories’
1 (low) 4,93 (3.93-6.20) 3.27 (2.7G-3.96) 1.39 (1.18-1.63)
2 3.33 (2.65-4.17) 2,27 (1.88-2.74) 1.30 (1.11-1.52)
3 2.25 (1.78-2.85) 1.92 ¢1.58-2.33} 1.30 (1,10-1.53)
4 2.36 {1.87-2.99) 1.90 (1.57-2.31) [.48 (1.26-1.74)
5 1.63 (1.25-2.11) 1,57 (1.27-1.94) 1.18 (0.99-1.42)
6 1.60 (1.26-2.04) 1.50 (1.23-1.82) 1.18 (1.00-1.39)
7 (high) 1.00 1.00 1.00
3 categories”
Low 2.67 (2.42-2.95) 1.87 (£.71-2.04) 1.17 (1.08-1.27)
Mecdium 1.54 (1.38-1.71) 1.34 (1.22-1.47) 121 (1.11-1.32)
High 1.00 1.00 1.00
Occupation
Respondent!
1 (low} 214 3.34 (2.70-4.13) 2.23 (1.83-2.71) 1.24 (1.05-1.46)
2 19.5 2.58 (2.09-3,20) 1.99 (1.64-2.42) 1.25 (1.05-1.48)
3 3.8 2.63 (1.98-3.48) 2.03 (1.55-2.65) 1.07 (0.84-1.37)
4 23.0 1.62 (1.30-2.02) 142 (1.17-1.73) 1.34 (1.13-1.59)
5 25.0 1.27 (1.02-1.57) 1.20 {0.99-1.45) 1.44 (1,22-1.71})
& (high) 73 1.00 1.00 1.00
Breadwinner!
1 (fow) 18.2 311 (2.55-3.78) 2,22 (1.85-2.66) 1.15 (0.99-1.24)
2 23.2 2.44 {2.02-2.96) 1.91 {1.61-2.28) 1.23 {1.05-1.45)
3 4.1 2.29 {1.75-2.98; 1.85 (1.44-2.38) 0.95 (0.75-1.20)
4 19.4 1.55 (1.27-1.90) 1.51 (1.26-1.81) 1.30 (£.11-1.51)
5 26,2 1.19 (1.02-1.45) 1,19 (0.99-1.41) 1,41 (1.20-1.66)
6 (high) 8.9 1.00 1.00 1.00

' 0=17255 ' n=10777

3.2.3 The British study

In this study, an area-based measure of deprivation was used. Through the postco-
de of residence at diagnosis, each patient was assigned to a census enumeration
district and subsequently to 1 of 5 deprivation categories. In this paragraph, this
process will be explained. Purthermore, the association between social class based
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on individual occupation and the area-based measure will be discussed.

Calculation of scores on the Carstairs Index

Theoretically, 4 levels of aggregation can be distinguished in the process to derive
the Carstairs Index, which is shown in table 7. Data on individuals were obtained
from the 1981 census (level 1) on many variables. The smallest level of aggregati-
on of census data in the British study is the level of census enumeration districts
(level 3) (average 400 households), as census data at the postcode level was not
directly available to us (level 2).

Table 7. Level of aggregation and data used at each level to derive the area-based measure
of material deprivation (Carstairs Index)
Level Individual Postcode Census Enumeration 5 categories of
District material deprivation

() @ 3) @

Data socioeconomic socioeconomic and  average values for 4  average values and
and demographic  demographic data  indicators of distribution of 4
data coltected in material deprivation  indicators of
interviews material deprivation

Data from the 1981 census were used on 4 indicators of material deprivation®

at the census enumeration district level. These indicators are overcrowding (persons
in private households living at a density of more than 1 person per room, as a
proportion of all persons living in private households), male unemployment
(proportion of economically active males seeking work), low social class (propor-
tion of all persons in private households with head of household in social class IV
or V), and car ownership (proportion of all persons in private households without a
car). Information on these four variables was combined into a single score: for
each enumeration district, the average for Great Britain on the four variables was
subtracted from the actual value and then divided by the population (Great Britain)
standard deviation (s.d.). Then the sum of the scores on the four variables was
calculated.
The Carstairs scores for all enameration districts in Great Britain were ranked from
low (affluent’} to high ("deprived’) and the distribution was divided into quintiles,
which resulted in 5 categories of material deprivation (level 4). Each patient could
be assigned to one of these 5 categories through the postcode of residence (level 2)
at time of diagnosis, which was linked to the corresponding census enumeration
district {level 3).

Validation of the Carstairs index at the individual level
As mentioned before, data on social class based on occupation has limitations, e.g.
the variable is incomplete or missing for a large proportion of patients. Despite
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such limitations, a comparison was made between two different measures of
socioeconomic status. The first is social class based on occupation of individual
cancer patients (5 categories: I. Professional; II. Intermediate; III. Skilled and
unskilled manual; IV. Partly skilled; V. Unskilled)®® and the second is the Carstairs
Index in 5 categories. All patients for whom both measures of socioeconomic status
were known were selected for this comparison, which resulted in 36% of all
patients that had already been selected for survival anmalysis (n=55501). The
percentage of patients for which both measures were known was low for the most
common female cancers: breast (16%), uterus (19%), cervix (22%) and ovary
(23%), but higher in the other cancers: colorectum (33%), bladder (39%) pancreas
(42%}), stomach (43%), prostate (44 %), and lung (50%).

As the distribution of social class across deprivation categories did not differ
substantiatly for men and women and between cancer sites (results not shown}, we
combined data on both sexes and the 10 most common cancers. Table 8 shows a
higher percentage of patients with social class IV or V in the lower categories of
the Carstairs index. For soctal class III we found little contrast, while the percenta-
ge of patients in both social class I and II was higher in the higher categories of the
Carstairs Index. The correlation coefficient between social class and the Carstairs
Index was 0.22, which is in agreement with the findings from the Dutch study on
the correlation between individual and area-based measures of SES. This finding is
not surprising, as also in the British study we used an area-based measure of
socioeconomic status in which several variables were used to calculate a summary
score, and social class was only one of these variables. Again, under the assumpti-
on that misclassification is nondifferential, one may expect an underestimation of
the association between deprivation and survival at the individual level if the area-
based measure of deprivation is used. However, we should carefully interpret these
findings, as they only apply to 36 percent of the study population and this selection
could have resulted in a bias of the results.

Table 8. Distribution of social class within deprivation categories, 10 most common cancer
sites”, South Thames, 1980-1989

Social class

Carstairs V dow) v m II I (high) Total
1 (low) 16.9 20.9 49.1 11.3 1.8 8.2
2 10.7 20,1 52.8 14,2 22 18.3
3 7.5 18.0 51.9 9.5 3.1 21.8
4 5.1 16.4 50.0 23.7 4.8 24.1
5 (high) 3.7 13.1 44.8 304 8.0 271.6
Total 7.2 16.9 49.4 21.9 4.6 100

" 36 percent of total number of patients diagnosed between 1980 and 1989
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Socioeconomic status and survival, using both social class and the area-based
measure of socioeconoinic status.

We compared the socioeconomic gradient in survival for patients for whom both
the Carstairs index and social class were known (see table 9). It is important to
note that the comparison was only made for a selection of patients, as only for
about a third of all patients we did have information on both measures of sociceco-
nomic status. Furthermore, the overall survival for the 3 most common cancers
differs for this selection of patients from the survival for all patients (see also
chapter 5).

For cancer of the lung, the gradient in survival is more consistent and steeper when
the Carstairs Index is used as compared fo social class. For breast cancer, the
gradient is steeper when individual social class is the measure of sociceconomic
status. This is also true for colorectal cancer but to a larger degree; the gradient is
absent when the Carstairs Index is used, while it is rather steep using social class
(table 10).

From this comparison we may draw the tentative conclusion that the association
between individual social class and survival is underestimated for cancer of the
breast and colorectum, and overestimated for lung cancer when the Carstairs Index
is used.

Table 9. Number and percentage of patients by deprivation and social class, cancers of the
lung, breast, colorectum, South Thames, 1980-1989
Lung Breast Colorectum
SES  Carstairs Social Class  Carstairs Sociai Class  Carstairs Social Class
High 4949 245 636 3.1 1507 315 28 6.0 2769 298 548 359
2 4700 233 3757 18.6 1100 230 1362 285 2328 25.1 2207 23.8
3 4522 224 10182 50.5 {029 21.5 2317 485 2025 21.8 4528 48.8
4 4013 199 3805 189 777 163 580 12.1 1582 17.0 1463 158

Low 1979 98 1783 8.8 365 746 234 49 580 6.2 538 5.8
Total 20163 100 20163 100 4778 100 4778 100 9284 100 95284 100
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Table 10, 5 year RSR by deprivation and social class, cancers of the lung, breast, colorec-
tum, South Thames
. Lung Breast Colorectum

SES: Carstairs Social Carstairs ~ Social Carstairs Social
Class Class Class

High 7.0(6.2-7.8) 6.6 (4.3-8.9) 62(58-66) 6I(54-68) 29(27-31) 32(27-37)

) 6.5 (5.6-74) 17.0(6.0-8.0) 58(54-62) 63 (60-66) 32(30-34) 34 (31-37)

3) 6.6 (5.8-74) 6.2(5.6-6.8) 56(53-59) 58(55-61) 30(27-33) 29 (27-31)

(4} 5.2(4.4-6.0) 6.1(52-7.0) 56(52-60) 51 (45-57) 26(23-29) 26 (23-29)

Low 56 (4468 6.3(4.97.7) 55(49-6f) 51 (42-60) 30(25-35) 23 (18-28)

Total 6.3 (5.9-6.7) 6.3(59-6.7) 58(56-60) 538 (56-60) 30(28-32) 30(28-32)

Ratio

High/Low 1.25 1.05 1.13 1.20 0.97 1.39

3.3 Survival analyses

In the last paragraph of this chapter we discuss the most important measures of
outcome in the studies reported in this thesis. In univariate survival analyses (para-
graph 3.3.1) the measure of outcome was the relative survival rate and in the
multivariate analyses (paragraph 3.3.2) it was the hazard ratio.

3.3.1 Univariate survival analyses

Cancer survival is a measure of outcome to quantify the effect of cancer detection
and treatment on the natural history of the disease, and can simply be expressed as
the percentage of patients alive at a certain point in time after diagnosis. However,
two components of total mortality need to be considered. The first one is mortality
from the specific cancer under study and the second is mortality from other causes.
Survival rates should be calculated with adjustment for mortality from causes other
than the specific cancer under study, to indicate the mortality which can be
attributed to cancer.

One way to adjust for mortality from other causes, is to obtain information on
the cause of death of each cancer patient, followed by a survival analysis in which
patients who died from other causes than the specific cancer under study are
censored. This type of analysis results in the corrected survival rate and relies on
information from death certificates. However, most cancer registries, such as the
Eindhoven Cancer Registry, do not have access to death certificates.

Another approach to adjust for mortality from causes other than cancer, is to
calculate the relative survival rate, which does not rely on information from death
certificates. The relative survival rate (%) is the ratio of the observed survival rate
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in a group of cancer patients to the survival rate expected in a group similar to the
patients in such characteristics as age and sex, but free of the specific disease under
study.?” The expected survival rate is based on a life-table from the general
population. In the studies reporfed in this thesis, we used the method of Hakuli-
nen® to calculate expected survival, with Chiang’s approximation.’’ The analyses
were conducted with a computer program package from the Finnish Cancer
Registry.?

An example: a 5 year relative survival rate of 60 percent for a group of breast
cancer patients means that after 5 years of follow-up, 60 percent of the patients is
still alive, considering that breast cancer is the only cause of death. If a relative
survival rate is below 100 percent it means that, during the specified time interval,
survival was lower and mortality was higher in the patient group than in a similar
group of persons from the general population (who were free of the cancer under
study). A relative survival rate may become 100 percent, which implies equal
mortality in the patient group and the comparison group from the general popula-
tion, or even exceed 100 percent for some cancer sites after a long period of
follow-up, which implies that the life expectancy of the patients under study
exceeds that of the general population.

In order to calculate relative survival for different socioeconomic groups,
expected survival should be based on social class specific life tables. Such life
tables are not available for either of the two study areas, and therefore we used one
single life table to calculate expected survival for different socioeconomic groups:
either the life-table of the regional population {Southeastern Netherlands for the
registration area of the Eindhoven Cancer Registration) or the national population
(England & Wales for the South Thames area). Through this procedure, expected
survival is probably underestimated for the higher socioeconomic groups which
results in an overestimation of the relative survival rate in these groups. For lower
sociceconomic groups, the expected survival could be overestimated and relative
survival underestimated. The gradient in survival by socioeconomic status may thus
be overestimated by using a single life table to calculate expected survival for each
socioeconomic group, A Finnish study on breast cancer, in which both the correc-
ted and relative survival by social class were calculated, showed that the overesti-
mation is rather smalf for all patients combined. The ratio of corrected survival
rates for the highest and lowest social class was 1.12 using the relative survival
rate and 1.10 using the corrected survival rate,”

3.3.2 Multivariate survival analyses

In the studies described in this thesis, the model of Hakulinen and Tenkanen™ was
used to study the impact of several prognostic factors simultancously on the annual
excess mortality due to the cancer under study. The measure of outcome in the
multivariate analyses is the hazard ratio, which can be defined as the probability of
dying from the specific cancer under study (so adjusted for mortality from other
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causes) for each category of the covariates included in the model.

The model is a multiple regression model for relative survival, in which total

mortality is a combination of additive and multiplicative risks. The addition applies
to expected mortality for demographically similar individuals in the general
population and of the disease related mortality hazard. The latter is a multiplicative
function of risk corresponding to the proportional hazards model: it depends on a
covariate and a function constant by time,
The estimation of the parameters is based on the maximum likelihood method.®
The statistical significance of each of the parameters corresponding to each cova-
riate in the model is tested by the change in deviance which has a chi-square
distribution with the number of degrees of freedom depending on the number of
levels of the studied covariate. The multivariate analyses were carried out with
GLIM.*

References

f. Bakker D, Cocbergh JTWW, Crommelin MA, Verhagen-Teulings MTh. Netherlands, Eindho-
ven, In: Muir CS, Waterhouse JAH, Mack T, Powel J, Whelan SL (eds}, Cancer incidence in
five continents, volume V. IARC scientific publications no. 88. Lyon: C, 1987: 574-579.

2. Coebergh JWW, Verhagen-Teulings MTh, Crommelin MA, Masseling E, Heijden LH van
der. Netherlands, Bindhoven, In; Parkin DM, Muir CS, Whelan SL, Gao Y-T, Ferlay J,
Powell J, eds. Cancer incidence in five continents, volume VI. IARC scientific publications
no. 120, Lyon: IARC, 1992: 666-669.

3. Coebergh JWW, Heijden LH van der (eds). Cancer incidence and survival 1975-1987.
giaidg}aolven: Comprehensive Cancer Centre South, Bindhoven Cancer Registry publications no.

4. Coebergh JWW, Crommelin MA, Heijden LH van der, Hop WCJ, Vethagen-Teulings, MTh.
ggr;gai of cancer patients in southeastern Netherlands. Ned Tijdschr Geneeskd 1991;135:9-

5. Skeet RG, Thornton-Jones H, Murrells TJ. UK, England, South Thames Region, 1978-1982.
In: Muir C8, Waterhouse JAH, Mack T, Powell J, Whelan SL, eds, Cancer incidence in five
continents, volume V. IARC scientific publications no. 88. Lyon: IARC, 1987: 664-667.

6, Chamberlain J, Bourne HM, Thornton-Jones H. UK, England, South Thames Region,
1983-1987. In: Parkin DM, Muir CS, Whelan SL, Gao Y-T, Ferlay J, Powell J (eds). Cancer
incidence in five continents, volume VI, JARC scientific publications no. 120. Lyon: IARC,
1992: 790-793.

7. Thames Cancer Registry. Cancer in South East Thames, 1987-1989:. cancer incidence,
revalence and survival in residents of the District Health Authorities in South East Thames.
utton: Thames Cancer Registry, 1992a.

8. Thames Cancer Registry. Cancer in South West Thames 1987-1989: cancer incidence,

;S)revalence and survival in residents of the District Health Authorities in South West Thames.
utton: Thames Cancer Regisiry, 1992b,

9. Swerdlow AJ. Cancer registration in England and Wales: some aspects refevant to interpreta-
tions of the data. J Roy Stat Soc 1986;149:146-160.

10. Parkin DM, Muir CS. Comparability and quality of data, In; Parkin DM, Muir CS, Whelan
SL, Gao Y-T, Ferlay J, Powell J (eds). Cancer incidence in five continents, volume VI,
IARC scientific publications no. 120. Lyon: JARC, 1992: 45-55.

11. Skeet RG. The Thames Cancer Regisiry. In: Jensen OM, Parkin DM, Mackennan R, Muir
CS, Skeet RG, eds. Cancer registration: principles and methods. IARC scientific publications
no. 95. Lyon: IARC, 1991: 237-245.

12. Thames Cancer Registry, Cancer in South East England, 1991: cancer incidence, prevalence
and survival in residents of the District Health Authorities in South East England. Sutton:
Thames Cancer Registry, 1994,

13. Berrino F, Sant M, Verdecchia A, Capocaccia R, Hakulinen T, Estéve J {eds). Survival of
}:gia:g pgtgients in Europe. The Burocare study. IARC scientific publications no, 132. Lyon:

, 1995,
14, Parkin DM, Chen VW, Ferlay J, Galceran J, Storm HH, Whelan SL. Comparability and



Materials and methods 43

15.
16.

i7.
18,
19,
20.
21.
22.

23,
24.
25.
26.

27.

28.
29.

30.

31
32

i3,
34.
35.
36.

ggaiity control in cancer registration. IARC technical report no. 19. Lyon; IARC, 1994; 32-

Schouten LI, Hoppener P, Brandt PA van den, Knottnerus JA, Jager JJ. Completeness of

cancer registration in Limburg, the Netherlands. Int J Epidemiol 1993;22:369-376.

Mackenbach JP, Mheen H van de, Stronks K. A prospective cohort study investigating the

explanation of socio-economic inequalities in health in the Netherlands. Soc Sci Med

1994;38:299-308.

Wegner EL, Kolopel LN, Nomura AMY, Lee J, Racial and socloeconomic status differences

in survival of colorectal cancer patients in Hawaii. Cancer 1982;49:2208-2216.

Bassett MT, Krieger N. Social class and black-white differences in breast cancer survival. Am

J Public Health 1986,76:1400-1403,

Dayat HH, Power RN, Chiu C. Race and socio-economic status in survival from breast

cancer. J Chronic Des 1982;35:675-683. )

Dayal HH, Potissar L, Dahiberg 8. Race, sociceconomic status, and other prognostic factors

for survival from prostate cancer. JNCI 1985;74:1001-1006.

Dayal H, Polissar L, Yang CY, Dahlberg S. Race, socioeconomic status, and other prognos-

tic factors for survival from colo-rectal cancer. J Chron Dis 1987;40:857-864,

Lamont DW, Symonds RP, Brodie MM, Nwabineli NJ, Gillis CR. Age, socio-economic

status and survival from cancer of cervix in the West of Scotland 1980-1987. Br J Cancer

1993,67:351-357.

Carnon AG et al. Relation between socioeconomic deprivation and pathological prognostic

factors in women with breast cancer. BMJ 1994;309:1054-1057.

lgarstairs9 g\g' Morris R. Deprivation and Health in Scotland. Aberdeen: Aberdeen University
ress, 1991,

Nijdam B, Buuren H van. Statistieck voor de sociale wetenschappen. Alphen a/d Rijn:

Samsom, 1983,

Greenwald HP, Polissar NI, Borgatta EF, McCorkle R. Detecting survival effects of

gc())%iogeégnonﬁc status: problems in the use of aggregate measures. § Clin Epidemiol 1994,47:-

Erikson R, Goldthorpe JH, Portocarero L. Intergenerational class mobility in three western

European societies: England, France and Sweden. Br J Sociology 1979;30:415-441.

OPCS. Classification o% occupations 1990. London: HMSO, 1990,

Ederer B, Axtell LM, Cutler SJ. The relative survival rate: a statistical methodology. National

Cancer Institate Monographs 1961;6:101-121.

?;Sggeg:g' Cancer survival corrected for heterogeneity in patient withdrawal, Biometrics

Chiang CL. Introduction to stochastic processes in Biostatistics. New York: Wiley, 1968:272.

Hakulinen T, Abeywickrama KH. A computer program package for relative survival analysis.

Comp Prog Biomed 1985;19:197-207.

Karjalainen S, Pukkala E. Social class as a prognostic factor in breast cancer survival, Cancer

1990;66:819-826.

?gﬁl}g&n T, Tenkanen L. Regression analysis of relative survival rates. Appt Stat 1987;36:-

Kleinbaum DG, Kupper XL, Muller E. Applied regression analysis and other multivariate

methods. Boston: PWS-Kent, 1988: 483.519.

Payne CD. The Glim System Release 3,77, Generalized linear interactive modeling manual.

Oxford: Numerical Algorithms Groups, 1985,



44 Chapter 3
Appendix
Table 1. Percentage of main breadwinners in 3 educational categorics, the average number
of years of education, the percentage of inhabitants and categories of the area-
based measure, for each of 45 sociodemographic categories in the Dutch study
Sociodemo- % low % interm % high education: % inhab, area- area-
graphic education®  education”  education®  average Duich based based
category years population measure measure
(5 cal) (3 cap)
22 90.5 1.7 1.6 7.8 2,03 I 1
2t 1.1 16.0 3.3 8.2 .38 1 1
26 76.9 18.8 3.6 8.2 [47 1 1
39 78.1 17.6 3.7 8.2 3.61 1 i
41 763 18.5 39 83 3,78 1 1
42 1.1 24.9 3.6 84 .81 1 1
43 729 16.8 5.8 8.4 0.86 1 i
18 69.6 23.5 4.8 8.5 1.24 H I
20 67.6 25.6 6.3 8.6 2.82 I 1
40 64.6 250 7.5 87 3.15 1 1
25 61.5 30.5 1.4 8.8 4.39 2 1
23 61.1 29.0 83 8.9 2.61 2 i
36 62.3 283 8.6 8.9 1.28 2 1
8 58.4 276 8.8 8.9 3.22 2 1
24 584 219 13.1 9.2 2,80 2 2
45 53.3 31.8 10.6 32 0.80 2 2
35 52.3 337 12.7 9.3 0.26 2 2
44 46.8 34.9 12.7 9.4 126 2 2
7 40.8 46.3 10.9 95 4,63 2 2
37 44.7 39.7 13.9 9.6 0.92 3 2
10 4.5 38.0 16.1 a7 2.27 3 2
19 41.7 40.3 14.7 9.7 4.82 3 2
9 40.4 39.6 16.9 9.8 1.67 3 2
33 41.8 35.4 19.9 9.9 0.32 3 2
8 339 43.9 194 16,1 3.56 3 2
31 334 45.0 20.9 10.2 512 3 2
6 4.4 9.6 23.1 103 1.05 3 2
11 35.5 37.6 23.9 103 0.38 4 2
14 35.8 353 28.1 10.5 0.88 4 2
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12 23.3 52.4 23.0 0.6 4,27 4 2
27 24.3 49.9 242 0.6 2.33 4 3
17 9.3 54.2 26.0 10.8 345 4 3
5 19.3 51,6 26.9 [0.9 4.52 4 3
i3 32.1 335 33.0 10.9 2.62 4 3
32 23.5 45.7 29.0 0.9 1.65 5 3
2 243 41.6 312 11.0 1.86 5 3
28 19.4 49.7 29.6 11.0 2.60 5 3
30 253 41.0 331 11.0 0.85 5 3
4 13.4 4.4 31.6 11,2 4.06 5 3
34 15.1 36.8 47.6 12.0 0.89 5 3
1 8.8 31.0 594 12.8 2.08 5 3
16 7.5 24.5 67.8 3.2 0.52 5 3
29 8.0 19.0 72,7 [3.4 1.64 5 3
I3 5.4 20.9 73.6 3.5 1.25 3 3
3 4.0 18.3 71.3 13.8 2.15 3 3

* The percentages for low, medium and high education refer to the entire Dutch population and do not add up to
100, as a category of students and a categery "unknown’ is excleded from the calculations







Chapter 4. Socioeconomic status and cancer survival in the
Southeastern Netherlands

4.1 Socioeconomic status and breast cancer survival
in the Southeastern Netherlands, 1980-1989"

4.1.1 Introduction

Breast cancer is the most common cancer among females in the Netherlands' as in
many developed countries. Dutch women experience one of the highest incidence
rates in the world.? The 5-year relative survival rate of breast cancer patients in the
period 1975-1985 in the Southeastern Netherlands was 69%.°

Sociceconomic differences in breast cancer survival have been reported in
studies from the United States,* Finland,®> Sweden,® Australia,” Scotland® and
England & Wales.® Except for one,” these studies on patients diagnosed in the
1960s or later, showed that breast cancer patients of low sociceconomic status
(SES) have a higher chance of dying from their disease than breast cancer patients
of high SES.

This paper is the first report on the impact of SES on breast cancer survival
in the Netherlands, a country that is characterized by a relative lack of geographi-
cal and financial barriers to primary and specialized care. A description of the
association between an area-based measure of SES and breast cancer survival in the
1980s is given and possible explanations of this association were studied. Regar-
ding the latter, it was tested whether the difference in survival from breast cancer
by SES can be explained by the distribution of a number of prognostic factors:
stage at diagnosis, morphology, and treatment.

4.1.2 Patients and methods

Patierits
Data for this study were derived from the population based Eindhoven Cancer
Registry, which serves an area of about one mitlion inhabitants (about 7% of the
Dutch population) in the Southeastern part of the Netherlands.? The registry
identifies newly diagnosed cases of cancer through routine reports from depart-
ments of pathology and radiotherapy, through inpatient records from all eight
community hospitals in the region, as well as through data from specialized
departments and hospitals outside of the region.”* In this region the distance to a
hospital is always less than 30 kilometres and that to a radiotherapy department is
always less than 50 kilometres. All hospitals use the same criteria for the clinical
assessment and treatment of breast cancer patients as they adhere to the guidelines
developed by the regional Breast Cancer Study Group.!!

The records of all women diagnosed with an invasive tumour of the breast

Schrijvers CTM, Coebergh JWW, Heijden LH van der, Mackenbach JP.
Bur J Cancer 1995;31A:1660-1664
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between 1980 and 1989 (n=3959) were checked. Patients with an unknown basis
of diagnosis (n=3), diagnosis based on autopsy (n=2), or unknown address at
diagnosis (n=21) were exclided from the basic material. The remaining 3933
patients were followed-up until July 1, 1991, through the virtually complete
municipal registries in the area, to determine their vital status. This was unknown
for 5 patients, thus finally 3928 patients were included in the study,

Both patients with (96%) and those without (4%) a histologically confirmed
breast tumour were inciuded in the study, as there was no systematic difference in
the proportion of patients with a histologically confirmed breast tumour according
to SES group,

SES

Because no data on the SES of individual patients was directly available from the
cancer registry, a proxy measure of SES was used, based on the place of residence
at time of diagnosis of each patient. Data to develop the proxy measure were
obtained from a commercial marketing agency, which has assigned each postcode
(average of 16 households) in our study area to one of 45 sociodemographic
categories, using a wide range of socioeconomic and sociodemographic survey data
at the postcode level, The ceniral variable in our analysis is education; the agency
provided us with information on the percentage of main breadwinners in 3 educa-
tional groups (low, medium, high) for each of the 45 sociodemographic categories.
These 3 educational groups encompassed several types of schooling, and we
assigned an average number of years of education to each of them: 7.5 years to the
lowest educational category (vears of education between 6 and 9 years), 10 years to
the medium educational category (years of education either 10 or 11) and 15 years
to the highest educational category (years of education between 12 and 18},

The information on the percentage of main breadwinners in each of these 3
educational groups was then used to calculate a sununary measure of the average
number of years of education for each of the 45 sociodemographic categories. The
45 categories were then ranked from low (7.8 years) to high (13.8 years) according
to their summary score on education and 5 socioeconomic categories were con-
structed, based on quintiles of the underlying population. So the highest SES
category (1) contains about 20% of the population living in areas with the highest
educational level, while the lowest SES category (5) contains about 20% of the
population living in areas with the lowest educational level. Finally, each woman
was assigned to one of the 5 categories of SES, through her postcode of residence
at time of diagnosis.

We validated the proxy measure of SES in a subsample of respondents o a
postal survey, which had been carried out in a part of the registration area of the
Eindhoven cancer registry.!? The subsampie consisted of respondents living in one
of 381 postcode areas for which at least 6 respondents were found in the survey, as
the postcode area was the unit of measurement in this analysis. Each postcode
could be assigned to one of the 5 sociceconomic categories of the proxy measure.
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For respondents to the survey, data on the educational level was known and for
each of the 381 postcodes, we calculated the average number of years of education
with the survey data and then assigned each postcode to one of the 5 sociceconomic
groups of the proxy measure (using the same procedure as with the marketing
agency data). For each postcode we thus had two scores: (1) a score from 1 to 5
based on data from the original classitication of the marketing agency and (2) a
score from 1 to 5 based on data from respondents to the survey. The Pearson
correlation coefficient between the two variables was 0.51, which is rather high for
this type of comparison, We may conclude from this exercise that validity at the
postcode level is satisfactory, given that the assignment of postcodes to one of 45
categories by the marketing agency was based on a large number of socioeconomic
and sociodemographic variables, of which education was only one variable.

Prognostic factors

We studied the impact of a number of potential confounders and intermediate
variables, which were {reated as categorical in the analysis. As potential
confounders of the SES-survival association we studied: age at diagnosis (3
categories: younger than 50, 50 to 64, and 65 years or older), period of diagnosis
(2 categories: 1980 to 1984 and 1985 to 1989) and degree of urbanization of the
place of residence at diagnosis (3 categories: smallest, intermediate, and largest
municipalities). The following potential intermediate variables in the association
between SES and survival were studied: stage at diagnosis (4 categories: localized
(only local involvement of a tumour), regional (fumour growth confined to the
breast and regional lymph nodes), distant {spread fo other organs), and unknown),
morphology (3 categories: ductal carcinoma, lobular carcinoma or other)® and
treatment {5 categories: surgery only, surgery plus radiotherapy, surgery plus
endocrine therapy, surgery plus chemotherapy, and no surgery).

Univariate analyses

The survival time of patients was calculated as the number of days between the
date of diagnosis and either the date of death or the end of follow-up (July 1,
1991), whatever occurred first, As no information on the exact cause of death was
available, the Relative Survival Rate (RSR) was used to correct for deaths due to
causes other than breast cancer. The RSR™ is the ratio of the observed survival rate
of a group of cancer patients to the expected survival rate in a group similar to the
patient group with respect to age, sex, and calendar period of observation. In this
study the expected survival rate is based on life tables of the population of the
registration area of the Eindhoven Cancer Registry, which were obtained from the
Netherlands Central Bureau of Statistics. These life-tables each applied to a 2-year
calendar period and were age- and sex- specific. RSR’s and 95% Confidence
Intervals (CI} were calculated with the computer program for cancer survival
studies from the Finnish Cancer Registry.”
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Multivariate analyses

The muitivariate analyses were conducted with a regression model adapted to the
RSR'* using GLIM.!” The measure of effect in the multivariate analyses was the
hazard ratio (HR), which expresses the probability of death from breast cancer for
a specific category of patients relative to a reference category (with a HR of {.00).

The entire period of follow-up was divided into two periods: up to 5 and 6 to
12. Because the probability to die from breast cancer was not equal for these two
periods it was necessary to correct for this difference in HRs by including this
variable in the model. At each step in the multivariate analysis an extra variable
was added to a2 model which contained follow-up period and SES. First, possible
confounders were added to the model and then possible intermediate variables. For
a variable to be included in the final model, it had to cause a change in HRs of the
SES variable after addition to the model. Furthermore, the reduction in deviance
due to a variable, with a corresponding difference in degrees of freedom, using the
chi-square distribution, had to be statistically significant (p < 0.05).

At each step in the analysis, a test for trend with the SES variable was also
conducted by including it as a continuous variable in the model. The reduction in
deviance due to the continuous SES variable was then evaluated, using the chi-
square distribution with 1 degree of freedom.

4.1.3 Results

Table 1 contains the 5- and 10-year RSR for the five SES categories, uncorrected
for other factors. Both the 5- and 10-year RSR appeared to be higher for the higher
SES categories, although a clear gradient was not apparent and 95% CI's over-
fapped.

Table . Five and ten year relative survival rate (%) according to sociocconomic status,
breast cancer, Southeastern Netherlands, 1980-1989
SES N (%) 5 year RSR% 10 year RSR%
1 (high) 795 (20.2) 77 (73 - 81)° 64 (58 - 70)
2 430 (10.9) 74 (69 - 79) 64 (55 - 73)
3 814 (20.7) 75 (71 - 719 65 (58 - 72)
4 987 (25.1) 72 (68 - 76) 61 (55 - 67)
5 {low) 902 (23.0) 73 (70 - 76) 57 (50 - 64)
Total 3928 (100) 74 (72 - 76) 62 (59 - 63)

SES: socioeconomic status " 95% confidence intervai between brackets




Southeastern Netheviands 51

The distribution of age (p < 0.001) and degree of urbanization (p < 0.001)
differed statistically significantly per SES category (table 2), while for the other
variables this was not the case: period of diagnosis (p=0.61), stage (p=0.08),
morphology (p=0.11), and treatment (p=0.93). For stage however, we found a
higher percentage of patients diagnosed with a distant stage in the lower SES
categories.

Table 2. Distribution of possible confounders and intermediate variables according to
socioeconomic stafus, breast cancer, Southeastern Netherlands, 1980-1989
SES
high 2 3 4 low Total X2 test
100 % 100 % 100 % 100 % 100 % 100 %
Age
- 49 34.§ 29.8 25.1 30.2 24.7 28.6 p < .001
50 - 64 34.2 33.0 34.6 33.8 38.5 35.1
65 - 31.7 372 40.3 36.0 36.8 36.3
Period of
diagnosis
80-84 44.2 42.8 432 43.0 46.2 44.0
85-89 55.8 57.2 56.8 57.0 53.8 56.0 p=0.61
Degree of
urbanization
Smallest 2.9 3.5 10.3 5.9 83 9.0
Intermediate  52.6 33.7 40.4 57.3 38.5 46.0 p < .001
Largest 44.5 62.8 49.3 26.8 53.2 45.0
Stage
Local 49.6 49.3 46.7 46.9 48.4 48.0
Regional 35.8 31.9 33.2 33.6 318 334
Distant 5.4 6.5 6.3 6.8 86 6.8 p=0.08
Unknown 9.2 12.3 13.8 12.7 11.2 14.8
Morphelogy
Ductal 82.4 71.4 82.2 T78.1 79.0 80.0
Lobular 10.7 13.1 9.3 13.5 12.6 11.8 p=0.11
Other 6.9 9.5 8.5 8.4 8.4 8.2
Treatment
Su 20.1 22.1 19.9 22.0 22.3 21.3
Su + Ra 56.2 52,1 55.4 55.1 56.4 55.4
Su + En 7.4 8.4 8.6 1.9 6.5 7.7 p=0.93
Su + Ch 7.9 7.9 7.9 7.1 6.8 7.4
No Su 8.4 9.5 8.2 7.9 8.0 8.2

SES: socioeconomic status; Su: Surgery; Ra: Radiotherapy; En: Endocrine therapy;
Ch: Chemotherapy
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Table 3 contains the results of the multivariate analyses, showing the HRs for

the five SES categories for the different models, with the highest SES category as a
reference category. Period of diagnosis and degree of urbanization were added to a
model with follow-up period and SES, and appeared to be no confounders of the
SES-survival association and are therefore not presented in table 3. In modei 1
which included follow-up period and SES, the gradient in HRs was clear and the
lower SES categories showed higher HRs, The p-value for the test for trend was
0.037.
When age was included in the model (model 2) the HRs for SES were reduced
substantially, while the reduction in deviance was also statistically significant. The
Cls around HRs for the five SES categories overlapped, but a gradient was
apparent with higher HRs for the lower SES categories (test for trend, p=0.073).

After a correction for stage (model 3), differences in HRs became much smaller
and the gradient disappeared {p=0.841). The reduction in deviance due to stage
was also statistically significant, Morphology (model 4) and treatment (model 5)
changed HRs only moderately but because the reduction in deviance due to these
variables was statisticaily significant, they were kept in the final modei.

Table 3, Hazard ratio and 95% confidence interval by socioeconomic status, breast cancer,
Southeastern Netherfands, 1980-1989%
SES

high’ 2 3 4 tow Test for
Model trend
Model 1: Follow-up period, and SES
Hazard ratio  1.00 1.09 1.09 1.17 1.24 p=.037
95% CI (0.86-1.38) (0.90-1.33} (0.97-1.41) (1.03-1.49)
Model 2: Follow-up period, SES, and age
Hazard ratio  1.00 1.06 1.04 1.15 i.18 p=.073
95% CI (0.84-1.33) (0.86-1.26) (0.96-1.38) (0.99-1.42)
Modet 3: Follow-up period, SES, age, and stage
Hazard ratio  1.00 1.09 1.04 1.06 1.03 p=.841
95% CI (0.88-1.34) (0.87-1.25) (0.90-1.26) (0.87-1.22)
Model 4: Follow-up period, SES, age, stage, and morphology
Hazard ratic  1.00 1.07 1.04 1.06 1.03 p=.802
95% CI 0.87-1.33) (0.87-1.24) (0.90-1.26) (0.87-1.22)
Meodel 5: Follow-up period, SES, age, stage, morphology, and treatment
Hazard ratio  1.00 1.04 £.03 1.04 1.03 p=0.792
95% CI (0.84-1.29y (0.87-1.23) (0.88-1.23) (0.87-1.22)

SES: socioeconomic status; CI: confidence interval * reference category
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4.,1.4 Discussion

Our results suggest that socioeconomic differences in breast cancer survival exist in
the Netherlands: after a correction for age, mortality due to breast cancer was {8
percent higher in the lowest SES category than in the highest SES category.
Although CIs for the different SES categories overlapped, a gradient in HRs for
different SES categories was apparent (p=0.073). Socioeconomic differences in
breast cancer survival could mainly be ascribed to differences in the stage-distribu-
tion between the SES categories, particularly to differences in the percentage of
patients diagnosed with a metastasis, which was 8.6 for the lowest and 5.4 for the
highest SES category. '

Before we continue with the interpretation of our findings, some methodological
issues concerning the proxy measure of SES have to be considered. The measure of
SES is ecological and based on the average number of years of education per
postcode area of residence, and therefore misclassification, resulting in an
underestimation of the SES-survival gradient, cannot be ruled out. The results from
our validation study showed however, that our measure of SES is a very reasonable
indicator of SES at the postcode level,

The postcode of residence at the time of diagnosis was used to assign each patient
to a socioeconomic category. The area of residence of a patient and therefore her
SES score could have changed during the follow-up period. It seems very unlikely
however that migration after the diagnosis of cancer was differential according to
SES.

Due to the use of one single life-table to correct for other causes of death than
breast cancer, we may have overestimated the gradient in survival by SES.
Expected survival might be overestimated for lower SES groups and therefore
refative survival is underestimated and the HR is overestimated. For higher SES
groups, expected survival might be underestimated, and therefore the relative
survival overestimated and the HR underestimated. In a Finnish study, it was
shown that this overestimation of the SES-survival gradient is probably not very
large.® In this study, the socioeconomic gradient in both corrected survival (censo-
ring of cases dying from other causes than breast cancer) and relative survival were
calculated, The ratic of survival rates of the highest and lowest social class was
somewhat higher when the RSR was used (1.12) as compared to the corrected
survival rate (1.10). This overestimation of the SES-survival gradient is probably
smaller in the Netherfands than in Finland, as socioeconomic variation in general
mortality is smaller in the Netherlands than in Finland.!®

A direct comparison of our findings with those from other studies*® is rather
difficult, as studies differ in design and data analysis. In most studies a better
survival for higher SES groups was found. However, in a study on English breast
cancer patients diagnosed between 1971 and 1981, a non-significant better survival
was found for council tenants (low SES) than for owner-occupiers (high SES).” In a
study on Swedish breast cancer patients (period of diagnosis 1961-1979) the RSR
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of white collar workers ¢high SES) was about seven percent higher than that of
blue collar workers (low SES), without a correction for other prognostic factors.®
The relative risk of case fatality in low SES women from South-Australia (1977-
1982) was 1.35 (95% CI: 1.04-1.74) after a correction for age and histology.” Five
year survival was 66% in the highest SES group and 55% in the lowest SES group
in patients diagnosed in west of Scotland in the period 1980-1987, using an area-
based measure of SES.* Even in studies which adjusted for differences in stage-
distribution across SES groups, a statistically significant higher risk of dying for
the lowest SES group was found,™* which is not the case in our study. For Finnish
breast cancer patients (1971-1980) from the highest social class, the relative risk of
dying after a correction for age, period of diagnosis, and stage was 0.78 (95% CI:
0.68-0.90).° Women from the United States (1979-1983) living in areas with at
least 35% working class, experienced a relative risk of mortality of 1.52 (95% CI:
1.28-1,88), compared to women living in areas with less than 35% working class,
adjusted for race, age, stage, and histology.* Our results are thus in the same
direction as those from most studies conducted in other countries. The strength of
the association seems to be relatively weak however in the Netherlands, with an
age corrected HR for the lowest SES category of 1.18.

The most important explanatory factor of socioeconomic differences in breast
cancer survival in our study was siage of disease at diagnosis. In several studies, it
was found that women from lower SES groups are diagnosed with more advanced
stages of breast cancer than women from higher SES groups.®*# Such differences
in stage distribution may be related to the length of delay between the occurrence
of the first symptoms and the time of diagnosis, which might be shorter in more
educated and better informed women. In some studies, delay was found to be
longer for women of lower SES,”?! and a longer delay was found to be related to
more advanced stages of breast cancer,?? while it is refated to lower survival.®

In our study, stage was only moderately associated with SES, as only a distant
stage was more common among lower SES women. Credit to this moderate
association may be good access to primary and specialized care in the Southeastern
Netherlands, as a result of relatively short distances to a hospital, good supply of
health services, and a health insurance system without major financial obstacles: in
the study-period only 0.4% of the Dutch population was uncovered by health
insurance.”

Less attention has been given to socioeconomic differences in treatment as an
explanation for survival differences. It could be argued that the choice of treatment,
given the extent of disease at diagnosis, might be related o the SES of breast
cancer patients. Although we found no differences in treatment according to SES
after adjustment for stage (results not shown), sociocconomic differences in the
quality of treatment of breast cancer patients may exist, Such differences could not
be evaluated however through the rather crude indicator of treatment used in this
study. In any case, such differences cannot be responsible for large differences in
survival in the Netherlands.
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Our findings on the influence of stage on socioeconomic differences in breast
cancer survival indicate that, with regard to secondary prevention of breast cancer,
special attention should be given to women of lower SES. During the study period,
a breast cancer screening program at the population level was absent, and it is now
being implemented in the Netherlands. Through health education programs, women
from lower SES groups should be extra stimulated to participate in such a scree-
ning programn as well as to practice breast self examination. Such programs,
together with keeping up good general access to health care services for the entire
population, may lead to a further reduction of socioeconomic differences in breast
cancer survival in the Netherlands.
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4.2  Socioeconomic variation in cancer survival in the Southeastern
Netherlands, 1980-198%

4.2.1 Introduction

Sociceconomic variation in the survival of patients with cancer has been reported
for a variety of cancer sites in studies from several couniries. In general, patients
with a low socioeconomic status (SES) live for a shorter period after a cancer
diagnosis than patients with a high SES, although this is not true to the same extent
for each cancer site.’

Several prognostic factors for cancer have been mentioned as possible explana-
tory factors for socioeconomic variation in cancer survival. The most important is
stage of disease at diagnosis, with more advanced disease among patients in lower
SES groups. Other possibie explanations are differences in treatment, host resis-
tance, and tumour characteristics.?

This is the first combined report on socioeconomic variation in survival from
the most common cancer sites in the Netherlands, a country characterized by good
generai access to the health care system at the level of general practitioner and
specialized care. This equal access is reflected in a good supply of health services
and a health insurance system without major financial obstacles. Less than 1% of
the Dutch population was not receiving health insurance coverage in the study
period.® The basic coverage of health services by health insurance was sufficient
generally and did not vary clearly by type of health insurance. Furthermore, in the
study region, the distance to a hospital is always less than 30 kilometres, and the
distance to the only radiotherapy department is always less than 50 kilometres.

In this paper, we describe socioeconomic variation in survival from cancer of
the lung, breast, colorectum, prostate, and stomach, and we tried to explain such
variation by studying the distribution of a number of prognostic factors (stage at
diagnosis, histological type, and treatment) across socioeconomic groups.

4.2.2 Patients and methods

Data source

Data for this study came from the Eindhoven Cancer Registry, a population based
cancer registry, which included data for an area of about one million inhabitants
(approximately 7% of the Dutch population) in the Southeastern Netherlands,

The registry identified newly diagnosed cases of cancer through routine reports
from departments of pathology and radiotherapy, through inpatient records from ail
eight community hospitals in the region, and through data from specialized depart-
ments and hospitals outside of the region.**

Schrijvers CTM, Coebergh JWW, Heijden LH van der, Mackenbach JP.
Cancer 1995;75:2946-2953
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Patients

All patients diagnosed from 1980 to 1989 with an invasive tumour of the lung
{n=4591), breast (n=3928), colorectum (n=3558), prostate (n=1484), or stomach
(n=1455) were selected for study.

Socioeconomic status

Data on the sociceconomic status of individual patients were not available in the
cancer registry. Therefore, we used a measure of SES based on the postcode of
residence at the time of diagnosis for each patient. In the Netherlands, a marketing
agency assigned each postcode sector, with an average of 16 houscholds, to 1 of 45
categories of a sociodemographic classification based on various data sources. The
original classification of 45 categories was divided into 5 broader categories,
constracted by ranking the 45 categories by the average number of years of
education of the main breadwinners in the corresponding areas from low (7.8
years) to high (13.8 years), and by dividing this distribution into quintiles. Because
the total number of patients with cancer of the prostate and stomach was relatively
small, the 45 categories also were grouped into 3 categories, based on tertiles of
the underlying population.

We validated the proxy measure of socioeconomic status with data from the
baseline measurement of a prospective cohort study that began in 1991. For this
study, an aselect sample (stratified by age, degree of urbanization, and
socioeconomic status) of approximately 27000 persons was drawn from the popula-
tion registers in an area in the Southeastern part of the Netherlands, an area which
is completely included in the Eindhoven Cancer Registry. The persons in this
sample received a postal questionnaire; the response rate was 70.1% (n=18973).
The postal survey provided information on the education of the respondents who
also could be assigned through their posicode of residence to 1 of the 45 categories
of our sociodemographic classification. The educaticnal status and proxy measure
were known for 18227 respondents, and this was the number of respondents that
we used for two types of validation studies. Firstly, validity at the level of the 45
sociodemographic categories was assessed. For each of the 45 categories of the
classification, we calculated the average number of years of education a second
time, using the postal survey data. The 45 categories then were ranked a second
time according to the average number of years of education based on these postal
survey data. The rank-correlation coefficient between the two series ([1} average
number of years of education based on the original classification given by the
marketing agency [2] average number of years of education based on the postal
survey data) was 0.87, Secondly, validity at the individual level was assessed by
calculating the Pearson correlation coefficient between individual education in 7
categories (survey data) and the area-based measure in 5 categories, which was
(.30. The proxy measure was, thus, a reasonable indicator of the socioeconomic
status at the agprepate level, whereas it was a less valid measure of the
socioeconomic status at the individual level, This suggests that we may underesti-
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mate the association between SES and survival at the individual level.?

Prognostic factors

We studied the impact of available prognostic factors on the association between
socioeconomic status and survival, as possible confounders (age, sex, period of
diagnosis, and urbanization) and intermediate factors (stage at diagnosis, histologi-
cal type, and treatment). Furthermore, subsites were distinguished for cancer of the
colorectum {[1] rectwm, [2] sigmoid, [3] ascending colon, [4] transverse and
descending colon, and [S] other subsites)) and stomach (f1] cardia, [2] pylorus and
[3] stomach excluding cardia and pylorus). Age was studied in several categories,
taking the varying age disiribution of cases per cancer site into account: lung (-59,
60-69, and 70+ years), breast (-49, 50-64, and 65+ years), colorectum (-59, 60-
69, 70-79, and 80+ years), prostate {-69, 70-79, and 80+ years) and stomach (-
59, 60-69, and 70+ years). The period of diagnosis (1980-1989) was divided in
two S-year periods because the survival was better in the second 5-year period for
most cancer sites. Degree of urbanization of the place of residence at diagnosis was
studied in 3 categories: smallest, intermediate, and largest municipalities. Tamour
staging initially was based on the International Union Against Cancer classification
of malignant tumours®. Bach patient was assigned to one of four stage categories
that we distinguished as localized (tumour confined to the organ of origin), regional
(spread to regional lymph nodes), distant (spread to other organs), and unknown.
For cancer of the prostate, localized and rarely classified regional tumours were
combined. The histological classification for cancer of the lung was small cell and
non small ceil; for the breast it was ductal, lobular, and other; and for the colorec-
tum, prostate, and stomach it was adenocarcinoma and other. The classification of
treatment for cancer of the lung was chemotherapy, surgery, no treatment, other;
for the breast it was surgery, surgery plus radiotherapy, surgery pius endocrine
therapy, surgery plus chemotherapy, and no surgery; for the colorectum it was
surgery, surgery plus radiotherapy, other, and no {reatment; for the prostate it was
surgery, surgery plus other treatment, endocrine therapy plus other treatment,
other, no treatment; and for the stomach it was surgery, other, and no treatment.

Survival analyses

The patients were followed actively through municipal population registries to
determine their vital status as of July 1, 1991. These registries have a virtually
complete coverage of the population and are maintained continuously with respect
to deaths and changes of address. Patients who moved from the study area were
traced through the municipal registry of their new place of residence. Less than 1%
of all patients proved to be lost to follow-up™.

The survival time of each patient was calculated as the number of days between
the date of diagnosis and either the date of death or the end of follow-up (July 1,
1991), whichever accurred first. The survival time then was divided by 365.25 to
calculate the survival time in years.
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Because no information on the exact cause of death was available, the Relative
Survival Rate (RSR) expressed as a percentage was used to correct for deaths due
to other causes than the cancer under study. The RSR is the ratio of the observed
survival of a group of patients with cancer to the expected survival, which is the
survival they would experience if they were subject to the same overall mortality as
a group from the general population similar to the patient group with respect to
age, sex, and calendar period of observation.! The expected survival rate is
calculated with life tables for the regional population, which were obtained from
the Netherlands Central Bureau of Statistics. Survival analyses were conducted with
the computer program for cancer survival studies from the Finnish Cancer Regis-
try.

The multivariate analyses were conducted with a regression model adapted fo
the RSR"™ using Generalized Linear Interactive Modelling (GLIM).!* The measure
of effect in these analyses was the hazard ratio (HR), which gives the probability of
death from the type of cancer under study for a specific group of patients relative
to a reference category, which has a hazard ratio of 1.00.

In this study, we present HRs that apply to the entire period of follow-up,
which was divided into two periods (up to 5 and 6-12 years). Because the probabil-
ity of death from cancer was not equal for these two periods, it was necessary to
correct for this difference in hazards by including this variable in the model. We
started with a model that contained duration of follow-up in two periods (up to 5
and 6-12 years) and SES. We first added the possible confounders (age, sex, period
of diagnosis, urbanization), followed by subsite for colorectum and stomach cancer,
and then the intermediate factors for all sites (stage, histological type, and treat-
ment), The addition of each factor was evaluated by testing for statistical signifi-
cance (P < 0.05) the reduction in deviance caused by that factor, with a corres-
ponding difference in degrees of freedom, as compared with the model without the
factor. At each step in the analysis, a test for trend with the SES variable also was
conducted by including it as a continuous variable in the model. The reduction in
deviance due to the continuous SES variable then was evaluated using the chi-
square distribution with | degree of freedom.

4.2.3 Results

Univariate Analyses

Table 1 shows the 5-year relative survival rate by site and SES. For lung cancer
the 5-year RSR was higher in the higher SES groups, although the highest SES
group had a lower 5-year RSR than the second highest SES group. For breast
cancer, we observed the same pattern, with the highest 5-year RSR in the higher
SES groups, but the gradient was not consistent. For colorectal cancer, the 5-year
RSR was also higher in the higher SES groups, with a clear gradient in survival
according to SES. The 5-year RSR for cancer of the prostate was slightly lower in
the lower SES groups, whereas for stomach cancer, the highest 5-year RSR was
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observed in the lowest SES group, with a clear gradient.

Table 1, Five year relative survival rate, 95% confidence interval, and number of cases, by
cancer site and socioeconomic status, Southeastern Netherlands, 1980-1989
SES

Cancer High ) 3) {4) Low Total

site

Lung RSR% 15 17 14 12 il 13
95% CI i2-18 1321 11-17 9-15 9-13 12-14
No. of cases 717 420 944 1172 1338 4591

Breast RSR% 77 74 75 72 73 74
95% CI 73-81 69-79 71-79 68-76 70-76 7276
No. of cases 795 430 814 G987 902 3928

Colo- RSR% 55 54 50 43 49 51

rectum 95% Cl 50-60 47-61 45-55 44-52 45-53 48-54
No. of cases 688 378 706 865 921 3558

High Intermediate Low Total

Prostate RSR% 61 60 59 60
95% CI 53-6% 52-68 52-66 55-65
No. of cases 427 482 575 1484

Stomach RSR% 18 20 25 22
95% C1 13-23 15-25 21-29 19-25
No. of cases 310 493 652 1455

SES: socioeconomic status; RSR: relative survival rate: CI: confidence interval

Prognostic Factors

Regarding the distribution of prognostic factors across SES groups, we only found
a few clear patterns. For breast cancer, the percentage of women diagnosed with a
metastasis was higher in the lower SES groups: low (1): 8.6, (2): 6.8, (3): 6.3,
(4): 6.5, high (5): 5.4. For stomach cancer, the percentage of patients diagnosed
with a metastasis was 32 in the highest SES group, 29 in the intermediate category,
and 27 in the lowest category.

Multivariate Analyses
The results of the multivariate analyses are shown in tables 2-6. Prognostic factors
that did not significantly improve the fit of the preceding model are neither
presented in these tables nor mentioned in the text.

For lung cancer (table 2), higher hazards were found in the lower SES groups
in a modet with follow-up pericd, SES and age (model 1). Adjustment for stage
(model 2), histological type (model 3), and treatment (model 4), did not change the
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hazard ratios for SES substantially. In the final model (follow-up period, SES, age,
stage, histological fype, and treatment), the gradient in survival by SES was still
apparent, with an excess hazard of death of 16% in the lowest SES group. At each
step in the analysis, the hazard ratio from the test for trend on the SES variable
was approximately 1.05,

Table 2. Hazard ratio and 95% confidence interval by socioeconomic status, lung cancer,
Southeastern Netherlands, 1980-1989
SES
High® 2 3 4 Low Test for
trend

Model !: Fellow-up period, SES, and age

Hazard Ratio 1.00 0.97 1.05 1.14 1.18 1.05

95% CI 0.80-1.18 0.90-1.24 0.98-1.33 1.02-1.36 1.01-1.08
Model 2: Follow-up period, SES, age, and stage

Hazard Ratio 1.00 0.97 1.06 1.15 1.47 1.05

95 % CI 0.81-1.15 0.92-1.22 1.01-1.32 1.03-1.34  1.02-1.08
Model 3: Follow-up period, SES, age, stage, and histology

Hazard Ratio 1.00 0.98 1.06 1.15 1.18 1.05

95% ClI 0.82-1.16  0.93.1.22 1.01-1.32 1.04-1.34 1.02-1.08
Model 4: Follow-up period, SES, age, stage, histology, and {reatment

Hazard Ratio 1.00 1.02 1.07 1.15 1.16 1.04

95% CI 0.87-1.19  0.94-1.21 1.02-1,30 1.03-1.31  1.01-1.07

SES: socioeconomic status; CI: confidence interval
* Reference category

In a model with follow-up period, SES, and age for breast cancer (modei i,
table 3), a clear gradient in hazards by SES was found (HR, test for trend: 1.04}),
with an 18% excess hazard of death in the lowest SES category. After a correction
for stage (model 2), differences in HRs between SES groups became much smaller,
and the gradient disappeared (HR, test for trend: 1.00). Histological type (model 3)
and treatment (model 4) changed the HRs for SES only moderately, and from the
final model (model 4), which contains follow-up period, SES, age, stage,
histological type, and treatment, no gradient in HRs by SES emerged (HR, test for
trend: 1.00). :
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Table 3. Hazard ratio and 95% confidence interval by socioeconomic status, breast cancer,
Southeastern Netherfands, 1980-1989
SES
High’ 2 3 4 Low Test for
trend
Model 1: Follow-up period, SES, and age
Hazard Ratio 1.00 1.06 1.04 1.15 1.18 1.04
95% ClI 0.84-1.33 0.86-1.26 0.96-1.38 0.99-1.42 1.00-1.09
Model 2: Follow-up period, SES, age, and stage
Hazard Ratio 1.00 1.09 1.04 1.06 1.03 1.
95% CI 0.88-1.34 0.87-1.25 0.90-1.26 0.87-1.22 0.97-1.04
Model 3: Follow-up pericd, SES, age, slage, and histology
Hazard Ratio 1.00 1.07 1.04 1.06 1.03 1.00
95% CI 0.87-1,33 0.87-1.24 0.90-1.26 0.87-1.22 0.97-1.04
Model 4: Folow-up period, SES, age, stage, histology, and treatment
Hazard Ratio 1.060 1.04 1.03 1.04 1.03 1.00
95% CI 0.84-1.29 0.87-1.23 0.88.1.23 0.87-1.22 0.97-1.04
SES: socioeconomic status; CI: confidence interval
" Reference category
Table 4. Hazard ratio and 95% confidence interval by socioeconomic status, colorectal
cancer, Southeastern Netherlands, 1980-1989
SES
High" 2 3 4 Low Test for
trend
Model I: Follow-up period, SES, age, and subsite
Hazard Ratio 1.00 1.00 1.06 1.15 1.17 1.05
95% CI 0.79-1.28 0.87-1.30 0.95-1.40 0.97-1.41 1.00-1.09
Model 2: Folow-up period, SES, age, subsite, and stage
Hazard Ratio 1.00 1.06 i.11 1.27 1.20 1.65
95% CI 0.86-1.32  0.93-1.33  1.07-1.50 1.02-1.41 1.01-1.09
Model 3: Follow-up period, SES, age, subsite, stage, and histology
Hazard Ratio 1.00 1.08 i.14 1.27 1.18 1.05
95% CI 0.87-1.33  0.95-1.35 1.07-1.50 1.01-1.39 1.01-1.09
Modet! 4: Follow-up peried, SES, age, subsite, stage, histology, and treatment
Hazard Ratio 1.00 1.06 1.14 [.27 1.14 1.04
95% CI 0.86-1.31 0.95-1.35 1.081.50 0.97-1.34 1.00-1.08

SES: socioeconomic status; CI: confidence interval.
" Reference category
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For colorectal cancer, a clear gradient (HR, test for trend: 1.05) in HRs by SES
was found in a model that included follow-up period, SES, age, and subsite (table
4). Adjustment for stage caused an increase of the HRs for SES, especially in the
second lowest category (modet 2), whereas adjustment for histological type (model
3) and treatment {model 4) caused only minor changes in the HRs. In the final
model (follow-up period, SES, age, subsite, stage, histological type, treatment), the
SES-survival gradient still existed (HR, test for trend: 1.04) but was interrupted in
the second lowest category.

For cancer of the prostate (table 5) the intermediate and low SES group showed
a higher HR than the high SES group in model 1 (SES and age). After adjustment
tor stage (model 2) and treatment (model 3), the HRs in the final model (SES, age,
stage, and treatment) remained unchanged as compared with the first model. The
association between SES and survival was weak, however, as the confidence
intervals around the HR from the tesis for trend were broad,

The hazards in the lowest and intermediate SES groups for stomach cancer
(table 6) were lower than the hazard for the highest SES group (model 1, follow-up
period, SES, age, and subsite). The gradient in survival by SES from this model is
not statistically significant, however (HR test for trend: 0.95). After adjustment for
stage (modet 2), socioeconomic differences in HRs disappeared (HR, test for trend:
0.99), whereas adjusiment for treatment (model 3} caused a minor change in HRs.
In the final model (follow-up period, SES, age, subsite, stage, and treatment), the
gradient in hazard by SES had disappeared (HR, test for trend: 0.99).

Table 5, Hazard ratio and 95% confidence interval by socioeconomic status, prostate
cancer, Southeastern Netherlands, 1980-1989
SES
High’ Intermediate Low Test for
trend

Model 1: SES and age

Hazard Ratio 1.00 1.05 1.20 1.10

95% CI 0.77-1.43 0.95-1.59 0.95-1.26
Medel 2: SES, age, and stage

Hazard Ratio 1.00 1.13 1.20 1.09
95% CI 0.85-1.50 0.92-1,56 0.96-1.24
Model 3: SES, age, stage, and treatment

Hazard Ratio 1.00 1.07 1.20 1.10

95% CI 0.81-1.42 - 0.93.1.56 0.96-1.25

SES: socioceconomic status; CI: confidence interval,
“ Reference category
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‘Table 6. Hazard ratio and 95% confidence interval by socioeconomic status, stomach can-
cer, Southeastern Netherlands, 1980-1989
SES
High® Intermediate Low Test for
trend

Model 1: Follow-up period, SES, age, and subsite

Hazard Ratio 1.00 092 (.89 0.95

95% Ci ¢.71-1.20 0.69-1.15 0.84-1.07
Model 2: Follow-up period, SES, age, subsite, and stage

Hazard Ratio 1.00 1.04 .99 0.99

95% CI 0.84-1.29 0.81-1.21 0.89-1.09
Model 3: Pollow-up period, SES, age, subsite, stage, and treatment

Hazard Ratio 1.00 1.06 £.00 0.99

95% CI 0.86-1.31 0.82-1.21 0.96-1.09

SES: socioeconomic status; CI: confidence interval
" Reference category

4.2.4 Discussion

Our results indicate that socioeconomic variation in survival of patients with cancer
of common sites exists in the Netherlands. After adjustment for confounding
variables, up to 20% higher hazards of death were found for patients from low SES
areas diagnosed with cancer of the lung, breast, colorectum, and prosiate as
compared with patients from high SES areas. For stomach cancer, a higher hazard
of death was found for patients from high SES areas. Overall, socioeconomic
variation in survival was small, and for cancers of the lung, colorectum and
prostate, it could not be explained by the distribution of the prognostic factors
stage, histological type, and treatment, For breast and stomach cancer, socioecono-
mic differences in survival could be ascribed mainly to differences between SES
categories in the percentage of patients diagnosed with a metastasis.

Some methodological issues could influence the interpretation of our results.
First, like many other previous investigators in this area, we used an ecological
measure of SES, which was assigned to each individual patient according to the
postcode of residence at the time of diagnosis. The results of our validation study
on the sociceconomic score indicate that this measure was an appropriate indicator
of soctoeconomic status at the aggregate level, whereas its use may lead to an
underestimation of socioeconomic variation at the individual fevel.

Secondly, to correct for other causes of death than the specific cancer under
study, we could not use SES-specific life tables, because these are not available in
the Netherlands. The expected survival of patients from lower SES groups may be
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overestimated using a life table of the total regional population, which results in an
underestimation of the RSR and overestimation of the HR for the lower SES
groups. For patients in the higher SES groups, the expected survival rate probably
was underestimated, resulting in an overestimation of the RSR and underestimation
of the HR. Thus, using one single life fable may have resulted in an overestirmation
of the socioeconomic gradient in relative survival, except for stomach cancer for
which we found a reverse association between SES and survival. Karjalainen and
Pukkala® determined breast cancer survival by social class with two different
measures of survival. First, they used the corrected survival rate in which cases
dying from other causes than breast cancer were censored and no life tables from
the general population were needed. Secondly, they used the relative survival rate,
with the expected survival based on the life table for the entire Finnish population.
The overestimation of the social class-survival gradient using the RSR as measure
of outcome was small; the ratio of survival rates of the highest and lowest social
class was slightly higher when the RSR was used (1.12) as compared with the
corrected survival rate (1.10). We have no reason to assume that the overestimation
of the SES-survival gradient was larger in the Netherlands than in Finland.

The higher risk of dying from cancer for patients from lower SES areas also
was found in other studies on cancer of the lung?, breast'>?, colon®¥6172123
rectum’®?"? colorectum®, and prostate.'®* A higher survival rate from stomach
cancer in the lower SES groups was found in one study in females but not in
males.? A few studies showed no association between SES and survival from
cancers of the lung'®!? or stomach!® or a better survival in lower SES groups for
cancers of the prostate?, breast?, and rectum in females but not in males.?
Socioeconomic differences in survival found in other studies generally were of
similar magnitude as in our study, with the exception of breast cancer, for which
substantially higher relative risks of dying were found in other studies.! Therefore,
in the Netherlands, a country with fairly equal access to health care services, we
found similar gradients of survival by socioeconomic status as in other countries.

In our study, stage of disease at diagnosis explained most of the sociceconomic
variation in breast and stomach cancer survival. In other studies on breast cancer,
the socioeconomic gradient in survival could not be entircly explained by the
distribution of stage across socioeconomic groups.'>® The association between SES
and breast cancer stage in our study may be caused by socioeconomic differences
in the ength of delay between the occurrence of the first symptoms and the time of
diagnosis. Women with a high SES women may have a greater tendency to seek
medical advice for cancer symptoms than women with a low SES. We found that
stage could not explain the socioeconomic variation in survival for cancer of the
colorectum, lung, and prostate, which concurred with the results from others on
colorectal®** and prostate cancer.” Treatment was studied in broad categories and
was associated with stage, After adjustment for stage, no substantial influence of
treatment on the socioeconomic survival gradient was found.

Qur findings show that fairly equal access to health care services, a situation
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which has been achieved in the Netherlands, does not guarantee equal survival
chances for all cancer patients. Because we mainly focused our research on stage at
diagnosis (assumed to be related to access to the health care system), the next step
would be to study other possible determinants of sociveconomic variation in cancer
survival. Such determinants include host factors such as nutritional status, psycho-
logical well being, social support, immune response, tumour aggressiveness, and
co-morbidity, and factors other than access, which determine quality of care, such
as hospital size and type and adherence to guidelines.
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4.3  Validation of cancer prevalence data from a postal survey by
comparison with cancer registry records’

4.3.1 Introduction

In measuring the prevalence of chronic health conditions, many epidemiologic
investigations rely on seif-reports of respondents to a health interview survey
containing a checklist of chronic conditions, Only a few studies have reporfed on
the validity of these data, on the basis of comparisons with either clinical examin-
ations or medical records."" In general, the results are disappointing at the indivi-
dual level, but it has remained unclear to what extent prevalence estimates, both for
the total population and for subpopulations, are really biased.

This paper reports the results of a study that aimed to validate data on self-
reported cancer prevalence obtained through a postal survey conducted in the
Southeastern Netherlands in 1991. We had the rather unique opportunity to
compare self-reported cancer prevalence at the individual level with data on cancer
prevalence from a population based cancer registry in the same area, which was the
gold standard in this study. This enabled us to assess the effect of misclassification
on the prevalence estimate for the whole population, and to assess the effect of
differential misclassification on estimates of prevalence ratios by age, sex, cduca-
tion, and urbanization.

4.3.2 Materials and methods

In 1991, a postal survey was conducted among 27070 noninstitutionalized inhabi-
tants (15-74 years) of the Southeastern part of the Netherlands. The municipal
registries were used as a sampling frame. These registries have a practically
complete coverage of the population and are kept up-to-date continuously with
respect to births, deaths, changes in marital status, and changes of address. The
response rate of the survey was 70.1 percent, which resulted in a study population
of 18973 respondents. This survey is part of the baseline measurement of a
prospective cohort study,

One of the questions in the survey was: "Do you currently suffer from any of
the following chronic conditions or did you suffer from any of these during the last
five years?" A Jist of 23 chronic conditions was then presented, one of which was
"malignant disease or cancer". '

The answer to this question (yes or no) was linked with records from the
Eindhoven Cancer Registry.” This population based cancer registry serves an area
of about one million inhabitants, containing the area where the survey took place.
The registry identifies newly diagnosed cases of cancer through routine reports

Schrijvers CTM, Stronks K, Mheen DH van de, Coebergh JWW, Mackenbach JP,
Am J Bpidemiol 1994;139:408-414
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from departments of pathology and radiotherapy and through inpatient records from
all community hospitals in the region, as well as through data from specialized
depariments and hospitals outside of the region.” Incident cases of primary
nonmelanoma skin cancer are also registered'™!, for which outpatient dermatology
records are also checked.

Survey data and registry records were linked in a two-step procedure. First, a
combination of the respondent’s date of birth and the first two characters of his or
her last name at birth was used as a linking key. For respondents to the survey,
these data came from the municipal registries and were missing for 468 respon-
dents. In a second step, these and other data (such as sex, initials, surpame,
address, and postal code) that were present in both the cancer registry and the
survey were used for a visual inspection, checking the correctness of matches
which appeared in the first step. Finally, the registry records were searched
intensively for the names of respondents with a false positive report of cancer.

A total of 565 respondents did not answer the survey question on cancer. For
these respondents, no record linkage took place. The survey question asked about
cancer prevalence in the previous five years (1986-1991). However, prevalent cases
could have been diagnosed before 1986; therefore, all computerized records,
starting in 1971, were used for record linkage. The period 1981-1991 was taken as
the reference period in our analysis, The results from other periods of registry
review will also be discussed.

Record linkage resulted in a data file for 17940 respondents (18973 - 468 - 565)
containing age, sex, education, and urbanization from the survey and year of
diagnosis and primary cancer site from the cancer registry. Age was divided into
four categories: 15-44, 45-54, 55-64, and 65-74 years. Educational level was
classified according to number of years of education: low (6-9 years), intermediate
(10 years) and high (11-18 years). The degree of urbanization of the respondents’
place of residence was classified in four categories, from high for the large cities to
low for the smallest rural communities. For specific subpopulations, directly age-
standardized prevalences were calculated with 95% Confidence Intervals (CI),
using the entire study population as a standard.

4.3.3 Results

Table 1 shows the results of the record linkage for the period 1981-1991. A total of
355 respondents (1.98 percent) reported that they had cancer, while 17585 respon-
dents reported no cancer. The number of respondents who reported cancer but
were not found in the registry (false positives) was 94 (26.5 percent), while the
number of respondents who did not report cancer but were found in the registry
(faise negatives) was 212 (1.21 percent).

The sensitivity of survey data was 0.552 (95 percent confidence interval (CI)
0.507-0.597), and the specificity was 0.995 (95 percent CI 0.994-0,996) (table 2).
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Table 1. Results of record linkage between cancer prevalence data from a postal survey and
cancer registry records (1981-1991}, Southeastern Netherlands, 1991

Respondent found in cancer registry

Postal survey Yes No Total
Yes 261 (233) 94 (122) 355
No 212 (£15) 17373 (17470) 17585
Total 473 (348) 17467 (17592) 17940

Numbers in parentheses refer to record linkage after the exclusion of nonmelanoma skin
cancer from the cancer registry records.

Table 2. Sensitivity, specificity, and predictive values of positive and negative answers in
record linkage between cancer prevalence data from a postal survey and cancer
registry records (1981-1991), Southeastern Netherlands, 1991

Predictive
value
Sensitivity Specificity Positive Negative

answer answer
Including nonmelanoma 0.552 0.995 0.735 0.988
skin cancer (0.507-6.597)  (0.994-0.996) (0.689-0.781)  (0.986-0.950)
Excluding nonmelanoma 0.670 0.993 0.656 0.993
skin cancer (0.621-0.719)  (0.992-0.994)  (0.607-0.705)  (0.992-0.994)

* Numbers in parentheses, 95% confidence interval

The percentage of respondents who were found in the cancer registry but who
did not report that they had cancer was 45 (212 out of 473) for the total group. The
percentage of these negative self-reports varied from 100 for cervical cancer to 16
for breast cancer (table 3),

A substantial number of false negatives (n=97 or 46 percent) were registered
with nonmelanoma skin cancer. Therefore, we also determined the validity of
survey data after the exclusion of nonmelanoma skin cancer from the cancer
registry. When the 125 prevalent cases of nonmelanoma skin cancer were excluded
from the cancer registry records, the number of false positives became 122 (34.4
percent), and the number of false negatives became 115 (0.65 percent) {table 1).
Consequently, sensitivity improved to 0.670 (95 percent CI (0.621-0.719), and
specificity became 0,993 (95 percent CI 0,.992-0.994) (table 2).
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Table 3. Percentage of patienté found in a cancer registry who did not report cancer in a
postal survey (negative self-reports), for cancer sites with = 10 prevalent cases
found in the cancer registry: Southeastern Netherlands, 1991

Cancer site No. of patients found in the % of negative self-reports
cancer registry
Cervix 10 100
Skin (nonmelanoma) 125 78
Bladder 30 53
Skin (melanoma) 20 50
Uterus 19 47
Prostate 22 32
Colon 36 28
Rectum 20 25
Lung 32 22
Breast 8s 16
All sites combined 473 45

Ineluding nonmelanoma skin cancer, the prevalence of cancer was 1.98 percent
(95 percent CI 1.78-2.18) based on survey data, while the prevalence based on
registry records was 2.64 percent (95 percent CI 2.41-2.87). Thus, cancer preva-
lence was underestimated by 25 percent ({2.64-1.98)/2.64 x 100 percent) using
survey data.

After the exclusion of nonmelanoma skin cancer from registry records, cancer
prevalence was overestimated by a negligible 2 percent ((1.94-1.98)/1.94 x 100
. percent). _

Table 4 shows the age-standardized prevalence estimates for subgroups of the
study population, according to both the survey and the cancer registry. The
underestimation of cancer prevalence in the survey was larger for men (ratio of
prevalences=0.64) than for women (ratio of prevalences=0.85). This resulted in a
prevalence ratio of women to men of 1.37 using survey data, as opposed to 1.02
using registry data. For respondents below the age of 45 years, the prevalence of
cancer was overestimated using survey data (ratio of prevalences = 1.46). For the
other age categories, the prevalence was underestimated, especially for respondents
aged 65 years or more. The ratio of prevalence in old respondents to young
respondents was much lower according to the survey data (9.47) than according fo
the registry (21.7). In the highest educational category, prevalence was well
estimated (ratio of prevalences = 1.01), while for the low and intermediate cat-
egories, prevalence was underestimated. The ratio of prevalences for the lowest
educational category relative to the highest was underestimated using survey data
{1.01) as compared with registty data (1.31). The prevalence of cancer was
underestimated by the survey in every category of urbanization, particularly in rural
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communities. The urban:rural prevalence ratio was overestimated using survey data
(2.03) as compared with registry data (1.72).

After the exclusion of nonmelanoma skin cancer, cancer prevalence was still
underestimated in men but not in women (table 4). The overestimation of prevalen-
¢e in the youngest age group became larger; underestimation in the other age
groups became much smaller (65-74 years) or disappeared (45-64 years). For the
lowest and highest educational categories, an overestimation of cancer prevalence
was now found, while an underestimation remained apparvent in the intermediate
category. For every degree of urbanization, underestimation of cancer prevalence
changed into an overestimation,

The difference in female:male prevalence ratios between survey data and registry
data became smalier afler the exclusion of nonmelanoma skin cancer. For education,
the difference in prevalence ratios (low:high} also became much smaller, while for
age and urbanization, the differences in prevalence ratios based on survey data or
registry data remained of similar magnitude. Thus, after the exclusion of nonmela-
noma skin cancer, some prevalence ratios became smaller, but the patterns of
prevalence ratios essentially remained the same.

Table 4. Age-standardized prevalences (%) of cancer based on data from a postal survey
and from cancer registry records (1981-1991), according to sex, age, educational
level, and urbanization: Southeastern Netherlands, 1991
Prevatence
Regisiry (b), Registry (c}, Ratio (a:b}, Ratio (a:c),
including excluding including excluding
Survey {a} nonmelanoma nonmefanoma nonmielanoma  nonmelanoma
skin cancer skin cancer skin cancer skin cancer

Sex
Women 2.28 (1.97-2.58)  2.67 (2.34-3.00) 2,11 (1.82-2.40) 0.85 1.08
Men 1.67 (£.40-1.93)  2.61 {2.28-2.94)  1.76 (1.49-2.04) 0.64 0.95
Ratio (women:men)  1.37 1.02 1.20

Age (years)
1544 0.51 (0,34-0,68)  0.35 (0.21-0.49) (.28 (0.15-0.41) 1.46 [.82
45-54 146 ¢1.1E-1.82y 1,97 (1.56-2,38) 144 (1.09-1.79) 0.4 O
55-64 3.12 (2.58-3.66)  3.90 (3.304.50)  3.08 (2,54-3.62) 0.80 101
65-74 4,83 (4.03-5.64) 7.61 (6.62-8.60) 5.38 (4.53-6.23) 0.63 0.90
Ratio (old:young) 9.47 217 15.2

Educational levet
Low 2,01 (1,70-2.33y 2,59 (2.24-2.94) 1,88 (1.58-2.18) 0.78 1,07
Intermediate 1,94 (1.56-2.31)  2.97 (2.50-3.44) 2,18 (1.78-2.38) 0.65 (.89
High £.99 (1.59-2,39) 197 (L.572.30  1.77 (1.39-2.14) 101 1.12
Ratio {low:high) 1.01 3 1.06

Urbanization
1 {rural) 1.13 0.67-1.59)  L73(1.16-2.30) 1.06 (0.61-1.51) 0.65 1.07
2 1.56 (£.132.00) 241 (1.87-2.95) 1.55 (L.1}-1.99) 0.65 1.01
3 1.83 (1.292.37)  2.26 {1.66-2.86) 1.52 (1.03-2.02) 0.81 1,20
4 (urban) 2.20 (2.01-2.58)  2.98 (2.65-3.31)  1.90 (1.64-2.16) 0.77 i21
Ratio (urban:ruraf) 2,03 1.72 [.79

* Numbers in parentheses, 95% confidence interval
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4.3.4 Discussion

Our study shows that the prevalence of cancer was underestimated by the postal
survey we conducted in a region in the Southeastern Netherlands. In other studies, it
was also found that, for cancer, data as reported in a survey do not correspond
satisfactorily to those obtained from clinical examinations® or medical records.*>®
Furthermore, the degree of underestimation differed by sex, age, education, and
degree of urbanization, which leads to a biased picture of variation in cancer
prevalence between subgroups of the population if one uses data from a postal
survey.

The period of registry review chosen in this study was 10 years, because we
assumed that most cases that were prevalent in 1986-1991 were incident in 1981-
1991, The influence of choosing a broader time window was determined by
considering all computerized records of the Eindhoven Cancer Registry (1971-
1991). Sensitivity declined from 0.552 to 0.484, and specificity barely changed
from 0.992 to 0.996. The percentage of false positives decreased from 26.5 to 20.8,
while the percentage of faise negatives increased from 1.21 to 1.71. The prevalence
based on the registry consequently became higher, and underestimation of the
prevaience by the survey increased from 25 percent to 39 percent. This higher
underestimation may partly have been due to the finkage of respondents who were
diagnosed many years previously and were cured before 1986, and therefore
correctly did not report in the survey that they had cancer. If the period of registry
review is shortened to 1986-1991, the percentage of false positives increases
dramatically to 40.8, but it is clear that many of these cases may have been incident
before 1986. We consider the results reported in this paper based on the time-
window 1981-1991 to be best estimates.

The underestimation of cancer prevalence by the survey is due to a substantial
number of false negative cases, 46 percent of which (n=97) were registered as
nonmelanoma skin cancer in the Eindhoven Cancer Registry, 87 of which were
basal cell carcinoma. It is likely that nonmelanoma skin cancer is not always
considered a "malignant disease” by patients and thus may not be reported in
surveys. However, 22 percent of cases of nonmelanoma skin cancer found in the
cancer registry were reported in the survey. This is logical, since no distinction was
made between cancer sites in our questionnaire as in many other health interview
surveys. Perhaps the validity of survey questionnaires on cancer can be improved by
explicitly including or excluding nonmelanoma skin cancer. However, although this
would improve the validity of overall prevalence estimates, differences between
subgroups would still be biased.

The percentage of respondents who appeared to have cancer without reporting it
also seemed to be higher for other cancer sites with a relatively high frequency of
less severe histologic types, such as cervical cancer (table 3). This finding is in
agreement with the finding by Chambers et al.® that reporting is less accurate for
less severe cancers. Not only could underreporting be due to respondents” misun-
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derstanding the term “malignant disease or cancer," but it may also be a taboo
subject among certain segments of society, e.g., older and less educated people. In
addition, there may be differences in whether doctors inform their patients that they
have cancer, e.g., according to educational level,

Incompleteness of the cancer registry, which was the gold standard in our study,
cannot be excluded as an explanation for some of the 94 false positive cases. Some
of the false positive respondents could have moved into the registration area around
Eindhoven with a cancer diagnosis that was made eisewhere. The year of the
respondent’s arrival at the current address was available for 47 of the 94 false
positive cases; 16 persons arrived before 1970, 14 arrived during the period 1971-
1980, and 17 arrived after 1980, If (some of} the cancers in the latter category were
diagnosed outside of the registration area and these 47 respondents were representa-
tive of the 94 false positive cases, up to about one third of these cases (17/47 or 36
percent) may in reality not be false positive cases.

Finally, for both false negative and false positive cases, general errors in filling
in the questionnaire could have occurred and could explain part of the discrepancy
between survey data and cancer registry data.

We do not know whether our results on cancer can be generalized to other
chronic conditions measured by health interview surveys. The existence of taboos
may have contributed to less accurate prevalence estimates for cancer, but this may
be of less importance or no importance for other chronic conditions. However, the
overall validity of survey data concerning cancer prevalence was reported to be
higher than that for data on other chronic conditions.'"*® We therefore expect the
situation with respect to other chronic conditions to be worse, not better, than that
with cancer,
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4.4 Socioeconomic status and prognostic factors among prevalent cancer cases
4.4.1 Introduction

Cancer registrics do often not contain information on factors which have been
hypothesized repeatedly {0 be important determinants of socioeconomic variation in
cancer survival, such as co-morbidity, social support and psychological wellbeing'.

We therefore used information on this type of prognostic factors from prevalent
cases of cancer that had been identified through a postal survey (paragraph 4.3).
We studied the association between sociceconomic status of prevalent cases of
cancer and (a) the number of chronic conditions they reported in a postal survey
and (b) the number of life events they experienced during the past twelve months,
as reporfed in the survey.

4.4.2 Patients and methods

Data were derived from a postal survey, conducted in 1991, which is the baseline
measurement of the Longitudinal Study on Socio-Economic Health Differences
(SEHD). The design and objectives of this study have been described elsewhere,’
and in chapter 3. One of the questions in the survey was "Do you currently suffer
from any of the following conditions or did you suffer from any of these during the
last 5 years?". A list of 23 chronic conditions was presented, one of which was
"malignant disease or cancer”. Other chronic conditions on this list were for
exampie diabetes, low back pain, and heart disease. Prevalent cases of cancer were
first selected according to their answer (yes or no) to this question and then their
answers were validated against cancer registry records as described in 4.3, This
procedure resulted in 261 prevalent cases of cancer. We then excluded patients who
had been diagnosed before 1986 (n=73) to restrict the time passed between a
cancer diagnosis and the actual time of the survey. We also excluded patients for
which the educational level was unknown (n=7). This resulted in 181 prevalent
cases of cancer with various cancer sites, of which the most common sites were
breast (n=54), colon (n=20) and lung (n=17). Due to these small numbers, it was
not possible to conduct analyses for specific cancer sites.

The number of other chronic conditions per patient was counted and then the
variable was dichotomized into none (n=49 or 27.1%) versus at least one other
chronic condition (n=132 or 72.9%). The survey also confained a question on
specific life events during the year preceding the survey, such as unemployment of
the respondent or his/her partner, serious illness of the partner, a divorce or a
worsened financial situation. The number of events was counted and a dichotomi-
zed variable was created with categories none (n=89 or 49.7%) versus at least one
event (n=90 or 50.3%). The highest attained educational levei of the respondent
was classified in 3 categories: (1) primary school or lower vocational (n=96), (2)
lower general or intermediate vocational (n=>50), (3) intermediate/higher general,
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higher vocational, university (n=35). Furthermore, we used the area-based
measure of socioeconomic status in 3 categories: low (n=74), intermediate (n=51)
or high (n=>56) and in 5 categories: low (n=64), 2 (n=20), 3 (n=38), 4 (n=18),
high (n=41) (see 3.2).

Logistic regression analyses were conducted to calculate an odds ratio with 95%
confidence intervals, adjusted for sex and age (5-year categories) with the highest
socioeconomic group as reference category,

4.4.3 Results

The association between socioeconomic status and chronic conditions (none versus
at least one) and life events (none versus at least one) is given in tables 1 and 2 for
each of the 3 measures of socioeconomic status. Both the results from univariate
analyses and logistic regression analyses (adjusted for age and sex) are presented.

Table 1 shows that the percentage of patients with at least 1 chronic condition
did not vary systematically between educational categories. This is also reflected in
the odds ratios for both the highest and intermediate category, which were both
greater than 1, but the odds ratio for the intermediate category was higher than that
for the lowest educational category. If the area-based measure in either 3 or 5
categories was used, we observed no clear pattern in the number of chronic
conditions by socioeconomic status. We may therefore conclude that there seems to
be no clear association between the socioeconomic status of prevalent cancer
patients and the number of chronic conditions they reported in a postal survey.

Table 2 shows that patients from the low educational group have more often
experienced at least 1 life event during the {2 months preceding the survey than
patients in the higher educational groups. When the area-based measure of socioe-
conomic status in 3 categories was used, we observed the same pattern: the
percentage of patients with at least 1 life event was higher in the lowest and inter-
mediate socioeconomic group. When we used the area-based measure in 5 catego-
ries, we observed the same type of pattern, but the gradient was inconsistent. We
may conclude that there seems to be an association between the socioeconomic
status (for 2 out of 3 measures) of prevalent cancer cases and the number of life
events they experienced,
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Table 1. Number of chronic conditions, odds ratio with 95% confidence interval, by
socioeconomic status, prevalent cancer cases, Southeastern Netherlands, 1991

Number of chronic conditions

0 at least 1 Odds ratio
Education
Low 28.1 71.9 1.27 (0.50-3.20y
Intermediate 22.0 78.0 1.48 (0.52-4.24)
High 314 68.6 1.00
Area-based
Low 257 74.3 1.01 {0.46-2.36)
Intermediate 314 68.6 0.71 {0.29-1.74)
High 25.0 75.0 1.00
Area-based
Low 234 76.6 1.51 (0.58-3.91)
2 30.0 70.0 1.06 (0.30-3.74)
3 34.2 65.8 0.70 (0.35-1.93)
4 16.7 83.3 2.76 (0.62-1.22)
High 29.3 70.7 1.00
Total 27.1 (n=49%) 72.9 (n=132)

" 95% confidence interval

Table 2. Number of life events, odds ratio with 95% confidence interval, by socioeconomic
status, prevalent cancer cases, Southeastern Netherlands, 1991

Number of life events

0 at least | Qdds ratio

Education
Low 432 56.8 2.11 (0.90-4.91)"
Intermediate 57.1 42.9 1.05 (0.42-2,65)
High 571 42.9 1.00

Arca-based
Low 46.6 53.4 1.61 (0.77-3.35)
Intermediate 48.0 52.0 1.41 (0.64-3.08)
High 554 44.6 1.00

Area-based
Low 42,9 57.1 1.69 {0.74-3.85)
2 45.0 55.0 1.38 (0.45-4.25)
3 56.8 43.2 0.91 (0.36-2.28)
4 55.6 44.4 0.84 (0.27-2.65)
High 53.7 46.3 1.00

Total 49,7 (n=289) 50.3 (n=90)

" 95% confidence interval
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4.4.4 Discussion

The association between socioeconomic status and two possible prognostic factors
was studied among prevalent cancer cases. No association was found between the
socioeconomic status of these cancer patients and the number of chronic conditions,
while patients with a low socioeconomic status reporied more often at least one
adverse life event during the past twelve months,

The results as reported here apply to a group of prevalent cancer cases diagno-
sed during the period 1986-1991 with a variety of cancers. However, if an
association between socioeconomic status and the number of life events is found in
such a heterogeneous group it points at possible associations for diagnostic sub-
groups of patients.

A lack of an association between sociceconomic status and the number of
chronic conditions might (partly) be caused by differential misreporting. In another
study, socioeconomic inequalities in the prevalence of specific chronic conditions
(chronic non-specific lung disease, heart disease and diabetes mellitus) were found
to be underestimated as a result of differential misreporting.® This could explain
why we did not find an association between socioeconomic status and the number
of chronic conditions. Other data sources might be used to obtain more objective
information on chronic conditions in cancer patients and this was done in another
study which investigated socioeconomic status and co-morbidity, using information
abstracted from clinical records (see 4.5). Misreporting of life events might have
been a less serious problem, as this involved events which can be easily remembe-
red and it does not require specific medical knowledge on diagnoses, such as with
specific chronic conditions.

The association between socioeconomic status and survival and the role of the
studied prognostic factors on this association could not be studied with this
material. Earlier studies in which psychosocial factors such as stressful life events
were related to cancer survival showed conflicting results*S. A carefully designed
prospective study on sociocconomic variation in cancer survival would have to
combine both disease related factors (such as stage of disease at diagnosis and
histological type of the tumour) and host factors such as psychosocial factors and
co-morbidity. Qur analysis shows that such a study might reveal that in the
Netherlands, host factors do play a role in causing socioeconomic inequalities in
cancer survival,
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4,5 Socioeconomic status and co-morbidity among incident cancer patients
in the Southeastern Netherlands, 1993

4,5,1 Introduction

Most studies on the association between socioeconomic status and cancer survival
found better survival for patients from higher socioeconomic groups.'? Several
possible explanations for these findings have been studied such as socioeconomic
variation in the stage-distribution at diagnosis, biological features of a tumour and
treatment,” However, studies in which adjustment was made for an important
prognostic factor such as stage of disease at diagnosis, still showed a higher risk of
dying from cancer in patients with a low sociceconomic status.™ Apart from
residual confounding by stage, other possible expianations of the association
beiween socioeconomic status and cancer survival have been hypothesized,
Concomitant diseases could be more frequent among cancer patients of lower
sociceconomic status, and a larger number of co-morbid conditions and/or more
severe conditions will in general lead to a poorer prognosis.'

In this chapter, we report the results of a preliminary study on socioeconomic
variation in the number and type of serious co-morbid conditions among cancer
patients diagnosed in 1993 in the registration area of the Eindhoven Cancer
Registry. The following two hypotheses were tested: (1) co-morbidity is more
common among cancer patients with a low sociceconomic status than among cancer
patients with a high socioeconomic status (2) cancer patients with a low socioeco-
nomic status experience more severe types of co-morbid conditions than cancer
patients with a high sociocconomic status.

~4.5.2 Patients and methods

Data for this study came from the Eindhoven Cancer Registry, a poptlation based
cancer registry covering an area of about one million inhabitants in the Southeas-
tern part of the Netherlands. The registry identifies newly diagnosed cases of
cancer through routine reports from departments of pathology and radiotherapy,
through inpatient records from all eight community hospitals in the region, as well
as through data from specialized departments and hospitals ousside of the region.

In 1993, the Eindhoven Cancer Registry started to register serious co-morbidity
at the time of diagnosis for all new patients in the registration area, according to a
*pre-fixed’ list of conditions developed by Charlson", Information on co-morbid
conditions was abstracted from medical records during routine registration practice
by experienced clerks, who had received supplementary training before starting this
task, The abstracted information concerned the type of co-morbid condition and
each condition was registered separately.

For this analysis, all patients diagnosed in 1993 with one of the five most
common cancers (lung, breast, colorectum, prostate, and stomach) were selected
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for study (n=1750}. Socioeconomic status was divided in three categories (low,
intermediate and high), based on the postcode of residence at time of diagnosis of
each patient (paragraph 3.2). The number of co-morbid conditions per patient was
calculated (range O to 5) and a new variable indicating this number was constructed
with 4 categories (0, 1, 2 to 5, unknown). Patients with missing information on co-
morbidity were excluded (n=110 or 6.3%), leaving 1640 patients for the analysis.

Apart from descriptive analyses, logistic regression analyses were performed to
quantify the association between socioeconomic status and the number of co-morbid
conditions (none versus at least one condition), while adjusting for age (5-year
categories) and sex, The measure of effect is the odds ratio, and corresponding
95% confidence intervals were calculated.

4.5.3 Results

The distribution of patients across socioeconomic groups and cancers is given in
table 1.

Table 1. Number and percentage of patients by sociceconomic status, five most common
cancers, Southeastern Netherlands, 1993
Breast Lung Colorectum  Prostate Stomach Total
SES N % N % N % N % N % N %
Low 160 35.0 189 42.8 153 39.8 81 33.7 44 37.3 627 38.2
Intermediate 172 37.6 149 33.7 140 36.5 76 31.7 45 38.1 582 35.5
High 125 27.4 104 233 91 23.7 83 34.6 29 24.6 432 26.3
Total 457 100 442 100 384 100 240 100 118 100 1641 100

The association between sociceconomic status and the number of co-morbid
conditions for the five cancer sites combined is given in table 2: the percentage of
patients without a serious co-morbid condition was relatively high in the high
socioeconomic group. The percentage of patients with one or at least two conditi-
ons was higher in the low and intermediate sociceconomic group as compared with
the high sociceconomic group. For breast cancer we observed the same pattern as
for all sites combined, with a higher percentage of patients without a co-morbid
condition in the higher sociceconomic groups. Furthermore, the percentage of
patients with one condition was higher in the low socioeconomic group, while the
percentage with at least two conditions was lower in the high socioeconomic group.
The results for lung cancer arc less clear. Although more patienis were registered
without a co-morbid condition in the high socioeconomic group there was no
gradient, neither for this category nor for the other two categories (one or at least
two conditions). The results for colorectal cancer were very similar to those for
lung cancer: no clear gradient for the categories without or with one condition and
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a lower percentage with a least two co-morbid conditions in the high socioecono-
mic category. For cancer of the prostate, the percentage of patients without a co-
morbid condition did not differ between socioeconomic groups. The percentage
with one condition was higher in the low socioeconomic group, while the percenta-
ge with at [east two conditions was lower in this patient group. For stomach cancer
there was no clear pattern in the distribution of number of co-morbid conditions
across socioeconomic groups,

Table 3 shows the percentage of patients in categories of co-morbidity for each
of four age groups. The percentage of patients without a co-morbid condition was
higher in each younger age group, while the percentage with one, or at least two

conditions was higher in each older age group.

Tabte 2. Percentage of patients by socioeconomic status and number of co-morbid
conditions, five most common cancers, Southeastern Netherlands, 1993
All sites Breast Limg
Number of conditions Number of conditions Number of conditions
SES 0 1 2-5 Total 0 1 25 Total 0 1 25 Total
Low 46.6 35.7 17.7 100 54.4 344 11.2 100 39.2 36.0 24.8 100

Intermediate

48.6 33.3 18.1 100

68.0 18.6 134 100

322 41.6 26.2 100

High 57.4 30.6 12.0 160 79.2 17.6 32 100 50.0 33.7 16.3 100
Total 50.1 33.5 164 100 66.3 239 9.3 100 39.4 373 23.3 100

Colorectum Prostate Stomach

Number of conditions Number of conditions Number of conditions
SES 0 1 25 Total o 1 2-5 Total g 1 2-5 Total
Low 48.4 30.7 209 100 48.1 42.0 9.9 100 409 45.5 13.6 100
Intermediate  45.0 38.6 164 100 48.7 34.2 17.1 100 37.8 42,2 20.0 100
High 51.6 36.3 12.1 100 47.0 349 18.1 100 379 448 17.3 100
Total 47.9 349 17.2 100 47.9 371 i5.0 100 39.0 44.1 16.9 100
Table 3. Percentage of patients by age and number of co-morbid conditions, five most

common cancers, Southeastern Netherlands, 1993

Number of co-morbid conditions per patient

Age 0 1 2-5 Totat
- 44 86.7 12,2 1.1 100
45-59 67.4 26.5 6.1 100
60-74 43.0 38.1 18.9 100
75 + 319 42.5 25.6 100
Total 48.1 35.1 16.8 100
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Table 4 shows the results from logistic regression analyses on the association
between socioeconomic status and the number of co-morbid conditions (none versus
at least one), both for all sites combined and for each site separately. The results
are given in table 4 as odds ratios both unadjusted and adjusted for sex and age,
and cancer site for all sites combined,

Table 4. Qdds ratio and 95% confidence interval, at least one co-morbid condition at time
of diagnosis by cancer site and socioeconomic status, Southeastern Netherlands,
1993
Cancer site
. All sites Breast Lung
unadj. +sex,age  unadi. +age unadj. +sex,age
SES site
Low 1,55 1.56 3.19 3.35 1.55 1.69
1,.21-1.98 120205 1.88-5.44 1.856.006 096252 1.01-2.83
Intermediate 1.43 1,54 1.79 2.19 2,10 2.39
1.12-1.84 1.17-2.02 1.043.06 1.20-399 126352 1.374.15
High' 1.00 1.0¢ 1.00 £0O 1.00 1.00
Colorectum Prostate Stomach
SES unadj. +sex,age  unadj. +age unadj, +sex,age
Low 1.14 1.16 0.95 0.96 0.88 1.00
0.69-1.92 0.66-2.03 0.52-1.76 0.51-1.80 0.34-2.31  0.35-2.88
Intermediate 1.31 1.25 0.93 0.96 1.01 0.86
077222 070221  0.50-1.74 0.50-1.85 0.38-2.63 0.30-2.42
High' 1.00 1.00 1.00 1.00 1.00 1.00

unadj = unadjusted; " reference category

For all sites combined, we found that both the low and intermediate socioecono-
mic group have a 55% greater probability on being diagnosed with at least one co-
morbid condition than patients from the highest socioeconomic group (adjusted for
sex, age and site). Breast cancer patients in the low and intermediate socioecono-
mic group also have a higher chance on being diagnosed with a least one other
serious condition than patients in the highest socioeconomic group, The same was
found for lung cancer, but the probability on being diagnosed with a least one co-
morbid condition was higher for patients in the intermediate socioeconomic group
than for patients in the low socioeconomic group. The pattern for colorectal cancer
was similar to that for lung cancer, but the odds ratios were smaller and the
confidence intervals were wider and therefore no firm conclusions can be drawn
for this cancer. For cancers of the prostate and stomach we found no clear associ-
ation between socioeconormic status and the odds ratio for at least 1 other condition
at diagnosis.

The association between socioeconomic status and the prevalence of major co-
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morbid conditions is described in tables 5-8. Table 5 shows that for the five
cancers combined, COPD was less common in the high socioeconomic group. The
differences in prevalence between the sociceconomic groups for the other conditi-
ons were smaller: more hypertension, a history of myocardial infarction and other
conditions in the lower socioeconomic groups.

Table 5. Prevalence of major co-morbid corditions by socioecconomic stats, 5 most
commion cancers, Southeastern Netherlands, 1993

SES

Low Intermediate High Total
Condition N % N % N % N %
COPD 101 16.1 89 153 38 88 228 13.9
Hypertension 89 142 79 13.6 49 11.3 217 132
History of MI 80 12.8 63 10.8 40 9.2 183 11.1
Other cancers” 55 8.8 63 10.8 44 10.2 162 9.9
Diabetes 34 54 34 58 18 4.2 86 52
Other conditions 124 19.8 84 144 62 14.3 305 18.6

COPD: Chronic Obstructive Pulmonary Disease; MI: Myocardial Infarction
" Excluding basal cell carcinoma of the skin

Table 6 shows that among breast cancer patients hypertension, diabetes, a
history of myocardial infarction and COPD were more common among patients in
the low and intermediate socioeconomic group than among patients in the high
socioeconomic group.

Table 6. Prevalence of major co-morbid conditions by sociceconomic status, breast cancer,
Southeastern Netherlands, 1993

SES

Low Intenediate High Total
Condition N % N % N % N %
Hypertension 38 23.8 3l 18.0 10 8.0 79 17.3
Diabetes 15 94 13 7.6 3 24 31 6.8
History of MI 12 75 9 52 3 24 24 52
corD 12 75 9 352 2 16 23 350
Other cancers’ 6 3.8 5 29 5 4.0 16 35
Other conditions 12 7.5 18 10.5 7 5.6 37 8.1

MI: Myocardiat Infarction; COPD: Chronic Obstructive Pulinonary Disease
" Excluding basal cell carcinoma of the skin
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For lung cancer patients COPD, a history of MI and other conditions were more
common in the low and intermediate socioeconomic groups (table 7).

Table 7. Prevalence of major co-morbid conditions by socioeconomic status, fung cancer,

Southeastern Netherlands, 1993

SES

Low Intermediate High Total
Condition N % N % N % N %
COPD 50 26.5 42 28.2 17 16.3 109 24.7
Other cancers” 23 122 24 16.1 13 125 60 13.6
History of M1 28 14.8 22 14.8 9 387 59 133
Hypertension 22 116 13 8.7 13 125 48 10.9
Diabetes 15 79 16 107 8 77 39 38
Other conditions 41 21.7 37 248 12 11.5 90 204

COPD: Chrenic Obstructive Pulmonary Disease; MI: Myocardial Infarction
* Excluding basal cell carcinoma of the skin

For colorectat cancer other cancers were more common in the highest socioeco-
nomic group, while hypertension, COPD, and other conditions were less common
in this patient group as compared to the intermediate and low socioeconomic group.
There was no clear pattern in the prevalence of specific other cancers across

sociceconomic groups.

Table 8. Prevalence of major co-morbid conditions by socioeconomic status, colorectal
cancer, Southeastern Netherlands, 1993
SES
Low Intermediate High Total
Condition N % N % N % N %
Other cancers’ 18 11.8 18 (2.9 14 154 50 13.0
Hypertension 20 13.1 20 143 9 99 49 12.8
COFPD 19 124 23 164 4 44 46 12.0
History of MI 18 11.8 16 7.1 14 154 42 109
Other conditions 45 29.4 34 243 18 19.8 97 253

COPD: Chronic Obstructive Pulmonary Disease; MI: Myocardial Infarction
* Bxcluding basa! cell carcinoma of the skin
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Similar analyses were done for cancers of the prostate and stomach, which
showed no clear variation in the prevalence of specific co-morbid conditions
between socioeconomic groups (results not shown).

4.5.4 Discussion

We studied the association between socioeconomic status and ce-morbidity at time
of diagnosis of cancer patients in the Southeastern Netherlands in 1993, Overall,
contidence intervals are wide and therefore a careful interpretation of the results is
necessary. For the five most common cancers combined, patients with a low and
intermediate socioeconomic status more often had at least one other chronic
condition than patients with a high socioeconomic status. Site specific analyses
showed that only for breast cancer a clear gradient in the number of co-morbid
conditions by socioeconomic status existed, while the pattern for cancers of the
lung and colorectum showed elevated odds ratios for the lower sociceconomic
groups, but no clear gradient. Furthermore the results for colorectal cancer were
not statistically significant. For cancers of the prostate and stomach, we found no
clear association between socioeconomic status and the number of co-morbid
conditions,

The prevalence of specific chronic conditions showed variation by socioecono-
mic status for all sites combined and for the individual cancer sites. For example
COPD was more common in the lower socioeconomic groups for all sites combi-
ned and for lung cancer, which is in agreement with the higher prevalence of
smoking in the lower socioeconomic groups.” In general, the differences in the
prevalence of specific conditions for individual sites were small however.

Our data have some limitations which should be kept in mind while interpreting

. them. Firstly, socioeconomic variation in co-morbidity was investigated by studying
the distribution of some broad categories of number of conditions, without con-
sidering the severity and duration of these conditions, as such information was not
available from the clinical records. In general, we may assume however, that
cancer survival is lower with an increasing number of co-morbid conditions, as was
found in other studies,’!* independent of the severity of individual conditions.

Secondly, there may well be incompleteness of registration of co-morbidity by
clinicians. For example, in patients with a metastasis one might expect a systematic
underreporting of co-morbidity, as this may have little consequences for their
treatment. This was not confirmed by our study however. For all sites combined,
the associafion between socioeconomic status and the number of co-morbid
conditions per category of stage showed a similar pattern for patients with metasta-
sis as for patients with higher stages. Furthermore, exclusion of patients with a
metastasis from the site-specific analysis did not change the results.

For all sites combined and for some specific sites, we found that patients with a
low and intermediate socioeconomic status had more co-morbid conditions at the
time of their cancer diagnosis. Other studies have found that the presence of co-
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morbid conditions at time of diagnosis adversely affects cancer survival.'*!! This
effect could be a direct one: co-morbid conditions may affect the course of cancer.
The reverse may also be true: {(treatment for) cancer may accelerate the course of
other pathological conditions, and this may result in a greater risk of death from
other conditions, which constitute an important part of mortality in cancer pa-
tients, ™

Overall, socioeconomic differences in the prevalence of specific conditions were
not very large, so that these differences may have small implications for socioeco-
nomic variation in survival. With respect to specific conditions, the largest
difference was found in breast cancer patients for hypertension, which was more
common in the low and intermediate socioeconomic group, and which could result
in a higher risk of dying of cardiovascular disease in these groups. Whereas
differences for other conditions were much smaller, a combination of specific
conditions may result in a survival advantage for patients with a high socioecono-
mic status.

We conclude, from this preliminary analysis, that there seems to be an associati-
on between socioeconomic status and the number of co-morbid condifions in cancer
patients. There was variation in the prevalence of specific co-morbid conditions for
some sites, while a lower survival rate for lower socioeconomic groups has been
found in many cancer sites. Therefore, co-morbidity might play a role in explaining
socioeconomic variation in cancer survival but probably not to the same extent for
all sites. As this cross sectional study included only 1 year of registration, future
(longitudinal) studies will have to elaborate on the possible role of co-morbidity as
explanatory factor of socioeconomic variation in cancer patient survival.
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Chapter 5. Deprivation and cancer survival in the South
Thames area

5.1 Deprivation and survival from breast cancer”
5.1.1 Introduction

A 25% reduction in breast cancer mortality by the year 2000 among women invited
for screening was set as a target for the Health of the Nation strategy in England.’
This reduction is unlikely to be reached by a reduction in the incidence of breast
cancer, because incidence at ages 45-74 is still rising,? and the major risk factors so
far identified for breast cancer, such as nulliparity, late age at first birth and late
age at menopause,’ are not amenable to intervention. Improvement in survival is a
more promising approach to the reduction of breast cancer mortality: this is the
focus of the National Breast Screening Programme.’ Considerations of equity
would require different socioeconomic groups of patients to have equal chances of
survival from breast cancer.’ It is therefore important to monitor any socioecone-
mic variation in breast cancer survival and if possible to determine its causes.
Socioeconomic variation in breast cancer survival has been reported from
Finland, Sweden, England & Wales, Scotland, the USA and Australia, using either
individual,*® or area-based measures®" of sociceconomic status. These studies have
shown that breast cancer patients from higher socioeconomic groups have higher
survival rates, except for the English study which found a weak reverse gradient.®
We studied variation in breast cancer survival between categories of deprivation
in the area covered by the South Thames Regional Health Authority (RHA), which
includes London south of the River Thames and the counties of Kent, Surrey and
Sussex, with a population around 6.5 million, We examined the influence of
several prognostic factors on this variation, and evaluated the potential effect on
mortality of eliminating any gradient in survival by category of deprivation.

5.1.2 Patients and methods

Data source and patients

Data for this study came from the Thames Cancer Registry, a population based
cancer registry covering a population of 14.1 million people in Southeast England.
The Registry has been operating continuously since 1960, covering the territory of
what is now South Thames RHA untii 1984. Coverage was extended to the
territory of North Thames RHA in 1985, but because we analysed

survival for women diagnosed from 1980, only women resident in South Thames
RHA were included. The methods and data quality indices of the Registry have
been described*" and incidence for the 1980s reported,'6*

Schrijvers CTM, Mackenbach JP, Lutz J-M, Quinn MJ, Coleman MP
Br J Cancer 1995;72:738-743
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All 35,000 female residents of South Thames RHA who were diagnosed with a
malignant breast tumour in the decade 1980-89 were eligible for study. The mean
age at diagnosis was 63 years (range 30 to 99 years). The 2,822 (8.1%) women for
whom the date of death was known but the date of diagnosis unknown (death
certificate only cases, DCO), were excluded from analysis because their survival
time could not be calculated, A further 2,502 (7.1%) cases with an incomplete or
unknown postcode were also excluded, since their census enumeration district could
not be reliably determined (see below). A total of 29,676 women (84.8% of those
eligible) were included in survival analyses. No distinction was made between cases
for which histological evidence of malignancy was (77.3%) or was not available to
the Registry, because this percentage did not differ systematically between depriva-
tion categories.

Deprivation score

The measure of deprivation for each woman was based on her usual residence at
diagnosis, by linking the full postcode of residence to the corresponding census
enumeration district (ED). Nationatly, each ED contains on average 400 house-
holds. For each of the 14,386 EDs in South Thames, data from the 1981 census
were obtained on four variables: overcrowding (proportion of persons in private
households living at a density of more than one person per room as a proportion of
all persons in private houscholds), male unemployment (proportion of economicaily
active males who are sceking work), low social class (proportion of all persons in
private households with head of household in social class 4 or 5) and car ownership
(proportion of all persons in private households with no car).

The Carstairs Index combines these four variables for a given small geographic
area into a single score, considered to represent material deprivation.” The value
of each variable for each ED is first standardised by subtracting the mean value for
Great Britain as a whole, and dividing the resuit by the population standard
deviation, The sum of the four standardised scores for each ED provides its
Carstairs Index.

Each ED in South Thames was then assigned to one of five deprivation catego-
ries, constructed by ranking the Carstairs scores for all EDs in Great Britain from
low (‘affluent’) to high (‘deprived”} and dividing this distribution into guintiles.

Prognostic factors

Age was initially studied in three categories: 30-49, 50-64 and 65-99 years, but
survival patterns across deprivation categories were very similar for the two
youngest age groups, and they were combined for analysis. Period of diagnosis was
studied in two quinguennia, 1980-84 and 1985-89, since overall survival from
breast cancer was higher in the later period. Stage at diagnosis (clinical or patholo-
gical) was explicitly stated in the medical records for less than 20% of breast
cancer patients.?’ A simplified stage is routinely constructed by Registry staff for
all cases, however, using pathology reports, operation notes and other information:
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it is available for some 80% of cases. Stage was categorised in three groups for
this stady: local (fumour confined to the breast), regional (involvement of lymph
nodes) and metastasis (spread to other organs), Patients for whom the stage at
diagnosis was unknown were included in the analysis as a fourth category. Morp-
hology was studied in three categories: ductal, other specific morphology and
unknown morphology, Finally, type of treatment was studied in seven broad
categories: surgery; surgery plus radiotherapy; surgery plus chemotherapy; surgery
plus radiotherapy plus chemotherapy; radiotherapy plus chemotherapy; no treat-
ment, and treatment unknown.

Survival analysis

The survival time in years for each woman was calcuiated as the number of days
between the date of diagnosis and the date of death or December 31, 1992 {whiche-
ver occurred first) divided by 365.25. Potential follow-up time ranged from 3 to 13
yeais.

To adjust for mortality from other causes than breast cancer, we used the
relative survival rate as measure of outcome in the univariate analyses. The relative
survival rate, expressed as a percentage (RSR%), is the ratio of the survival
observed in the group of cancer patients and the survival that would be expected if
they were subject to the same overall mortality rates by age and calendar period as
the general population.”? Expected survival was computed from the England and
Wales life table for 1981. The computer program from the Finnish Cancer Registry
was used to calculate the RSR and its 95% confidence interval (CI).?

Multivariate analysis was conducted with a proportional hazards model adapted
to the RSR?* using GLIM.? The measure of outcome was the hazard ratio, which
expresses the prabability of death for a specific category of patients relative to a
referent category with probability of death defined as unity.

The basic model included the duration of follow-up (up to 5 and 6-13 years) and
deprivation category: prognostic factors were added as categorical variables in 2
fixed order; first, period of diagnosis, then factors considered to be intermediate in
any association between deprivation and survival, namely stage at diagnosis,
morphology and type of treatment. The improvement in fit of the model obtained
from each additional prognostic factor was tested for statistical significance at the
5% level using the chi-square distribution for the reduction in deviance from the
preceding model with the corresponding difference in degrees of freedom. The
statistical significance of the trend in the hazard ratio across deprivation categories
was fested by examining the effect of adding deprivation category to the model as a
contimous variable.

Mortality reduction

We estimated the reduction in mortality 5 years after breast cancer diagnosis which
might be achieved if any socioeconomic gradient in survival were eliminated. In
order to obtain the number of deaths that would have been expected if all women
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had experienced the survival of the most affluent group, cumulative (crude) death
rates at five years were calculated for each 5 year age group in the most affluent
patient category and applied to the numbers of women in the corresponding age
group in the other deprivation categories. The potential reduction in mortality was
calculated for the age groups 30-64 and 65-99 and for each deprivation category, as
both the absolute and the percentage difference beiween observed and expected
deaths. A similar calculation was done for the age group 50-69 years, which will
be monitored for breast cancer mortality in relation to the national Breast Screening
Programme.?

5.1.3 Resulis

A third (34%) of the women with breast cancer lived in the 32.9% of arcas
categorised to the most affluent quintile of the Carstairs Index, while only 6% lived
in the 8.9% of areas categorised as the most deprived (table 1). These distributions
reflect both the relative affluence of South Thames within Great Britain and the
higher incidence of breast cancer in more aftluent women.

Table 1, Number (%) of enumeration districts, number (%) of cases, and relative survival

rates at 5 and 10 years by deprivation category, breast cancer, South Thames,
1980-1989

Deprivation  Number % of Number % of 5 year RSR 10 year RSR

category of EDs EDs of cases  cases (95% CI) (95% CD

Affluent 4739 32.9 10097 34.0 71 (69-73) 59 (57-61)

(2) 3251 22.6 7147 24.1 67 (65-69) 54 (52-56)

(3) 2763 19.2 6107 20.6 63 (62-64) 51 (49-53)

4 2359 i6.4 4536 15.3 64 (62-66) 50 (47-53)

Deprived 1274 8.9 1789 6.0 60 {57-63) 48 (44-52)

Total 14386 100 29676 100 67 (66-68) 54 (53-55)

ED: enumeration district; RSR: relative survival rate; CI: confidence interval

Survival at both 5 and 10 years was higher in the more affluent patient groups.
The difference in survival between the most affluent and most deprived category
increased slightly with time since diagnosis (figure 1). The absolute difference in
survival between these two groups was more than 10%, and the survival gradient
across deprivation categories was clear, although women in the third and fourth
categories had similar survival rates.

The survival gradient across deprivation categories was steeper for older women
than for younger women (table 2).
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The distribution of prognostic factors by deprivation category was therefore
studied separately for these two age groups; an example is shown in table 3 for
stage at diagnosis. For women aged 30-64 years, there was no consistent pattern in
stage by deprivation category. Among women aged 65-99 years, the distribution of
stage at diagnosis was more advanced in the most deprived group, of whom 17%
presented with metastases.

Differences in stage distribution by age and deprivation category were generally.
small, however, and the patterns of survival by stage were very similar for the age
groups 30-64 and 65-99 years. Stage-specific survival rates are thercfore presented
in table 4 for all ages combined. In every category of stage, survival at five years
was higher for women from more affluent areas, with a clear gradient.

Figure 1. Breast cancer, South Thames, 1980-1989:
Retative survival (%) in women from the most affluent and most deprived
enumeration districts, by time since diagnosis
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Table 2 Five year relative survival by deprivation category and age group, breast cancer,
South Thames, 1980-1989
Deprivation category
Age group Affluent 2) (3) 4) Deprived Total
30-64 years
S-year RSR 73 70 66 65 64 69
95% CI 71-75 68-72 64-68 63-67 61-67 68-70
No. of cases 5609 3495 2912 2234 910 15160
65-99 years
5-year RSR 67 63 60 62 53 63
95% CI 65-69 61-65 58-62 59-65 49-57 62-64
No. of cases 4488 3652 3195 2302 879 14516

RSR: relative survival rate; CI: confidence interval

Table 3. Stage at diagnosis (%) by age group and deprivation category, breast cancer,
South Thames, 1980-1989
Deprivation category
Stage Affluent (2) €)] (4) Deprived  Total
30-64 years
Local 47.8 48.0 50.5 48.6 48.3 48.5
Regional 23.1 254 24.6 25.1 21.7 24.5
Metastasis 1.5 8.0 1.7 - 9.0 7.5 7.9
Unknown 21.6 18.7 17.2 1.3 16.6 19.1
100.0 106.0 100.0 100.0 100.0 100.0
65-99 years
Local 49.2 49.7 51.1 41.6 41.3 49.0
Regional 18.2 18.3 17.8 18.5 18.5 18.2
Metastasis 9.9 10.7 11.0 12.0 17.3 11.1
Unknown 227 21.3 20.1 21.9 22.9 21.7
100.0 160.0 100.0 160.0 160.0 100.0
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Table 4. Five year relative survival rate by deprivation category and stage at diagnosis,
breast cancer, South Thames, 1980-1989

Deprivation category

Stage Affluent (2) 3 {4) Deprived  Total
Local RSR 84 82 78 80 77 81
95% CI 83-85 80-84 76-80 78-82 73-81 80-82
No. of cases 4892 3488 3103 2181 802 14466
Regional  RSR 64 61 58 57 56 60
95% CI 61-67 58-64 55-61 53-61 51-61 56-64
No. of cases 2111 1555 1285 986 415 6352
Metastasis RSR 26 23 21 23 i6 23
95% ClI 22-30 1927 17-25 18-28 10-22 21-25
No. of cases 865 671 578 477 220 2811
Unknown RSR 65 57 50 52 49 57
95% CI 63-67 53-61 46-54 48-56 43-55 56-58
No. of cases 2229 1433 1141 892 352 6047
Total RSR 71 67 63 64 60 67
95% CI 69-73 65-69 62-64 62-66 57-63 66-68
No. of cases 10097 7147 6107 4536 1789 29676

RSR: relative survival rate; Cl: confidence interval

Multivariate analysis was conducted separately for the two age-groups (table 5).
Within these broad age categories, analysis of finer sub-divisions of age did not
alter the relationship between deprivation and survival. For women aged 30-64
years, there was a clear gradient in the probability of death across deprivation
categories, with higher hazard ratios for the more deprived groups (model 1).
Addition of period of diagnosis did not change the hazard ratios (model 2).
Adjustment for stage at diagnosis altered the hazard ratios for individual deprivati-
on categories only slightly (model 3), while neither morphology nor type of
treatment had any substantial influence on the hazard ratios (models 4 and 5), In
the final model, including duration of follow-up, period of diagnosis, stage,
morphology and type of treatment, the gradient in survival across deprivation
categories was stiill apparent, with a 36% excess hazard of death in the most
deprived category.

Por women aged 65 years and over, the gradient of hazard ratio by deprivation
category was more marked, especially for the most deprived category (hazard ratio
1.69; model 1), Adjustment for stage at diagnosis reduced the gradient (model 3),
while adjustment for morphology (model 4) had little effect. Adjusting for the type
of treatment (model 5) mainly reduced the hazard in the most deprived group; in
this model, including the same variables as for younger women, the socioeconomic
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gradient in survival was also still apparent, with a similar 34% excess hazard of
death in the most deprived category.

For both age groups and in each model, addition of each prognostic factor
significantly improved the fit over that of the preceding model, and the trend in
hazard ratio across deprivation categories was statistically significant (2-sided p-
value <0.00001 in each case). Finer sub-division of period of diagnosis and
follow-up time did not alter the results in either of the age-groups.

Of the 12,911 deaths that occurred within 5 years of breast cancer diagnosis,
960 (7.4%) might have been avoided if all women had experienced the survival of
the most affluent category (table 6). There was a higher percentage of potentially
avoidable deaths in the more deprived categories: 6.5%, 12.3%, 11.8% and 17.8%
in categories 2-5, respectively. The potential reduction in mortality was larger in
women aged 30-64 years (506 deaths, 10% of all deaths) than in women aged 65-
99 years (454 deaths, 5.8%). Finally, in the age group 50-69 years, the overall
potential reduction in mortality at five years was just over 10% (507) of all deaths,
reaching 22% (74 deaths) in the most deprived category.
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Table 5. Hazard ratios and 95% confidence intervals (CI) by age and deprivation category;
adjustment for prognostic factors, breast cancer, South Thames, 1980-19389
30-64 years 65-99 years
Deprivation Hazard Difference® in:  Hazard Difference® in:
category ratio 95% CI deviance d.f. ratio 95% CI deviance d.f.
Model 1: Deprivation, follow-up period (0-5 and 6-13 years)
Affluent 1.00 259 5 1.00 205 5
) 1.15 1.05-1,27 .17 1.02-1.33
3) 1.30 1.18-1.43 1.24 1.08-1.42
@) 1.31 1.18-1.46 1.23 1.06-1.43
Deprived 1.35 1.17-1.57 1.69 1.41-2.03
Mode! 2: Deprivation, follow-up period and period of diagnosis (1980-1984 and 1985-1989)
Affluent 1.00 5 l 1.00 11 1
2) 1.15 1.05-1.27 1.16 1.02-1.33
3) 1.30 1.18-1.44 1.24 1.09-1.42
4) 1.31 1.18-1.46 1.23 1.06-1.43
Deprived 1.35 1.16-1.57 1.68 1.39-2.03
Model 3: Deprivation, follow-up period, period of diagnosis and stage at diagnosis
Affluent 1.00 1874 3 £.00 1995 3
(2) i.16 1.06-1.26 1.15 1.02-1.29
3 1.34 1.23-1.46 1.23 1.09-1.38
cy 1.30 1.18-1.43 116 1.01-1.32
Deprived 1.39 1.22-1.59 1.47 1.25-1.74
Maodel 4; Deprivation, follow-up period, period of diagnosis, stage, morphology
Affluent 1.00 83 2 1.00 101 2
2 i.16 1.07-1.27 i.15 1.03-1.29 :
3) 1.35 1.24-1.48 1.23 1.09-1.38
C)) {.31 1.19-1.43 1.18 1.03-1.34
Deprived 1.41 1.24-1.61 1.46 1.24-1.72
Model 5: Deprivation, follow-up period, period of diagnosis, stage, morphology and treatment
Affluent 1.00 1071 6 '1.00 1073 6
{2) i.12 1.03-1.21 1.17 1.06-1.28
(3) 1.32 1.22-1.44 1.23 t.11-1.35
(€3] 1.30 1.19-1.42 1.16 1.04-1.29 -
Deprived 1.36 1.21-1.54 1.34 1.17-1.54

* Difference from preceding model, For model 1, difference from model including only
constant term; 5 d.f, refer to 4 d.f. for deprivation and 1 d.f. for follow-up period
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5.1.4 Discussion

Our results show a gradient in survival for women diagnosed with breast cancer in
the South Thames region between 1980 and 1989 according to a measure of
material deprivation in the smali area of their residence at diagnosis. Survival
among women from deprived areas was lower than for women from affluent areas
during the entire i3-year follow-up period and at all ages, but the gradient in
survival across deprivation categories was steeper for older women (65-99 years).
The hazard ratio for the most deprived category was 1.35 for younger women and
1.69 for older women, but after adjustment for calendar period of diagnosis, stage
at diagnosis, morphology and type of treatment, the excess hazard was still about
35% for both age groups.

Four methodological issues affect the interpretation of these results. First, the
area-based measure of deprivation used here (Carstairs Index) is a proxy measure
for the deprivation of individual breast cancer patients at the time of diagnosis, and
therefore the gradient in survival by deprivation might be underestimated. Howe-
ver, this measure has been shown to have a stronger association with mortality than
social class based on occupation, while there are many problems with measuring
social class based on occupation, especially for women.?

We used information from the 1981 census to assign a deprivation score to
women diagnosed between 1980 and 1989. This could have resulted in misclassifi-
cation if the socioeconomic characteristics of some enumeration districts changed
substantially between 1981 and the time of breast cancer diagnosis for residents of
such djstricts. Such changes cannot be mled out, but are unlikely to have occurred
ditferentially according to deprivation category, and would be expected to cause
under-estimation of any differences in breast cancer survival by deprivation
category.

A second potential bias arises from the use of national rather than regional life

tables to adjust for expected mortatity. All-cause mortality was higher in England
and Wales as a whole than in South Thames,”® so expected survival will be lower
(and relative survival higher) than if regional [ife tables had been used. It seems
unlikely, however, that differences between the various deprivation categories in
life expectancy calculated nationally or regionally would be so great as to produce
substantial bias in the relative survival gradient for breast cancer.
Similarly, use of a single life table for all women may also be criticised, since all-
cause mortality varies with social class: this might exaggerate any underlying
gradient in relative survival from breast cancer, Separate life tables for social
classes or deprivation categories are unavailable, however. There is some evidence
that the gradient in relative survival from breast cancer is robust to ditferences
between socio-economic groups in mortality from other causes. The ratio of breast
cancer survival in Finland between the highest and lowest social classes was 1.10
with corrected survival rates (censoring deaths from other causes) and 1.12 with
relative survival rates.”
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Table 6. Observed, expected® and avoidable® deaths at 5 years, by age and deprivation
category, breast cancer, South Thames, 1980-1989
Deprivation ~ Age group No. of deaths Avoidable deaths
category cbserved expected % No.
Affluent 30-64 1764 1674 - -
65-99 2282 2282 - -
Total 3956 3956 - -
50-69 1486 1486 - -
@ 30-64 1150 1058 8.0 92
65-9% 1965 1854 5.6 11t
Total 3115 2912 6.5 203
50-69 1154 1049 9.1 105
3 30-64 1070 884 17.4 186
65-99 1783 1617 9.3 166
- Total 2853 2501 12.3 352
50-69 1076 896 16.7 180
@ 30-64 830 678 18.9 158
65-99 1263 1174 7.0 89
Total 2099 1852 11.8 247
50-69 831 683 17.8 148
Deprived 30-04 345 275 203 70
65-99 543 455 16.2 88
Total 888 730 17.8 158
50-69 333 259 222 74
Total 30-64 5075 4569 10.0 506
65-99 7836 7382 5.8 454
Totai 12911 11951 74 960
50-69 4880 4373 104 507

* from elimination of survival gradient across deprivation categories
b difference between observed and expected deaths (see text).

A third methodological issue concerns the exclusion from analysis of DCO
cases, for which survival time is unknown. In this study the percentage of such
cases was similar (8-9%) in all deprivation categories. We were able to estimate
the effect of excluding DCO cases on observed survival (Bullard J, personai
communication). As a ratio of the observed {unadjusted) survival at 5 years in the
most affluent group, observed survival at 5 years in groups 2 to 5 respectively was
0.92, 0.87, 0.88 and 0.82, respectively. These ratios became 0.91, 0.86, 0.86 and
0.81, after correction for the exclusion of DCO cases, and their exclusion could
thus have had very little effect on the gradient in survival reported here.
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Fourth, the stage at diagnosis used in these analyses is not identical to the TNM
stage. The key advantages are that, unlike TNM stage, it is available for most
cases; it is simple; it has been assigned by Registry staff with a standard definition
over many years, and, for cases where both stage codes are available, it has almost
identical prognostic significance (Luiz J-M, personal communication). It has been
argued that the most important explanatory factor for socioeconomic variation in
breast cancer survival is a difference in the stage distribution between deprivation
categories, and in some studics deprived women have been shown to present at a
more advanced stage than affluent women.”™*® No such pattern was observed in
Scotland," or for younger women in this study, For older women, differences in
the stage distribution did explain part of the variation in survival, the hazard ratio
for the most deprived group falling from 1.68 to 1.47 after adjustment for stage.
Our results are similar to those from other studies in which survival differences
between sociceconomic groups persisted after correction for stage at diagnosis.”* !
Part of the gradient in survival by deprivation could be due to residual confounding
by stage. If women from deprived areas were diagnosed less accurately than
women from affluent areas, they would be understaged more often, leading to
greater misclassification of stage at diagnosis in women from deprived areas. This
assumption could not be tested with cancer registry data however.

Our findings suggest that special attention to early detection and rapid referral
of breast cancer should be given to women aged 65 or more living in deprived
areas. A strength of area-based analyses is that such women could be identified
through their area of residence, perhaps for special health education programmes.
The other prognostic factors that we studied had little impact (type of treatment) or
no impact (morphology) on the gradient in survival by deprivation category.

We conclude that a gradient in breast cancer survival according to deprivation
still existed after adjustment for stage at diagnosis, morphology and broad category
of treatment. Other factors might be responsible for the observed gradient in breast
cancer survival by deprivation category, such as a poorer host resistance among the
deprived patients, which could be related to more co-morbidity, an adverse
nutritional status, less social support, and negative psychological factors such as
less ability to cope with a cancer diagnosis. Aspects of the health care system
which might be related to the lower survival of the lower socioeconomic groups
are, apart from the type of treatment, adverse hospital referral patterns, the lower
quality or appropriateness of treatment and worse compliance with treatment in
these groups of patients, For most of these factors, however, information is not
available from cancer registry records, and other approaches will be required to
study their impact. Preliminary results from a study in our terrifory of breast
cancer patients aged less than 50 suggest that survival was significantly affected by
the use of adjuvant therapy.® Hospital referral patterns are being examined.

‘The Health of the Nation target for breast cancer envisages a 25% reduction in
breast cancer mortality among women aged 50-69 by the year 2000. Improving the
survival of breast cancer patients living in less affluent areas would make z
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substantial contribution to this target. In women aged 50-69 years the overall
reduction would have been over 10% five years after diagnosis, Our results suggest
that one way of achieving this improvement would be to focus on socioeconomic
differences in stage at presentation in older women. In younger women, other
factors, so far unidentified, are responsible for the socioeconomic gradient in breast
cancer survival.
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5.2 Deprivation, stage at diagnosis and cancer survival’
5.2.1 Introduction

The association between socioeconomic status and cancer mortality has been
studied for many years.! Attempts to explain the variation in cancer mortality rates
between socioeconomic groups have mainly focused on studying socioeconomic
variation in cancer incidence and the distribution of cancer risk factors across
groups. The variation in cancer survival and its possible determinants, for example,
socioeconomic differences in the timing of cancer detection and treatment, have
been studied less intensively.>® Nevertheless, the potential for reduction of cancer
mortality among the socioeconomically disadvantaged, by improving such factors
as early detection and adequate treatment, seems promising, and socioeconomic
variation in cancer survival should be monitored systematically. We therefore
examined the association between an area-based measure of deprivation and cancer
survival in the ten most common cancers in the area covered by the South Thames
Regional Health Authority (RHA).

The most recent studies that have dealt with the association between deprivation
and survival in a large number of common cancers have not studied the impact of
stage of disease at diagnosis on this association.*> We were able to study the
impact of stage of disease at diagnosis, an important progaostic factor, which may
point to socioeconomic variation in the early detection of cancer.

5.2.2 Patients and methods

Patients
Data for this study came from the records of the Thames Cancer Registry, a
population-based cancer registry covering a population of about 14 million people
in south-east England, From 1960 to 1984 the registry covered the territory of the
South Thames RHA; in 1985 coverage was extended to include the territory of the
North Thames RHA. In this analysis, patients diagnosed from 1980 were studied
and therefore only patients resident in South Thames RHA were included for study.
The methods and data quality indices of the Registry have been described® and
incidence for the 1980s reported.”™°

The records of all patients (inen and women) diagnosed between 1980 and 1989
with a malignant tumour in one of the ten most common cancer sites and aged 30
to 99 years at diagnosis were checked (n=192,082). The cancers included were
lung, breast, colorectum, bladder, prostate, stomach, pancreas, ovary, uterus and
cervix, Two categories of patients were excluded from the analyses: patients with
an incomplete or unknown postcode (n=11,495 or 6%), since their census enume-

Schrijvers CTM, Mackenbach IP, Lutz J-M, Quinn MJ, Coleman MP
In press Int J Cancer
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ration district could not be reliably determined (sce below). The survival of these
patients did not differ substantially from the survival of patients that were included
in the analysis. Patients for whom the date of death was known but not the date of
diagnosis (death certificate only cases, DCO) were also excluded from analyses, as
their survival time could not be calculated (n=24,905 or 13%). A total of 155,682
(81% of the original data set) were included in the survival analyses: 73,444 men
and 82,238 women (iable 1).

Deprivation score

The measure of deprivation for each patient was based on the address at time of
diagnosis, by linking the full postcode of residence to the corresponding census
enumeration district. Data from the 1981 census on four indicators of material
deprivation were obtained for each enumeration district (average of 400 households
in Great Britain): overcrowding (proportion of persons in private households living
at a density of more than one person per room), male unemployment {proportion of
economically active males secking work), low social class (proportion of all
persons in private househoids with head of household in social class IV or V) and
car ownership (proportion of all persons in private households without a car).

The Carstairs Index combines standardised scores on these four variables into a
single score for each census enumeration district,' using the mean value and
standard deviation for Great Britain as a standard.

Each of the 14,386 enumeration districts in South Thames RHA was assigned to
one of five deprivation categories, which were constructed by ranking the Carstairs
scores for all enumeration districts in Great Britain from low (“affluent") to high
("deprived"), and by forming quintiles based on the underlying population distribu-
tion,

Table 1. Number {percentage) of patients by cancer and deprivation category, 10 most common
cancers, men and women, South Thames RHA, 1980-1939

Deprivation category

Cancer Affluent {1) (2) {3) {4) Deprived (5)  Total

Bung 10088 (25.0) 9160 (22.7) 8989(22.3) 8223 (20.4) 3819 (9.5) 40279
Breast 10097 (34.00 7147 (24.1) 6107 (20.6) 4536 (15.3) 1789 (6.0} 29876
Colorectum 8530 (30.7) 6901 (24.8) 6002 (21.6) 4662 (16.8) 17¢1 (6.1) 27796
Bladder 3896 (30.1) 3065 (23.7) 2805 (2L.7) 2282 (17.6) 905 (7.0) 12957
Prostate 4155 (33.2) 3278 (26.2) 2524 (20.1) 1852 (i4.8) 723 (5.8) 12532
Stomach 2828 (25.9) 2560 (23.4) 2414 (22.1) 2200 (20.1) 929 (8.5) 10931
Pancreas 1979 (20.2) 1666 (24.6) 1438 (21.2) 1203 (17.8) 486 (7.2) 6772
Ovary 1994 (33.2) 1491 (24.8) 1216 (20.3) 916 (15.3) 382 (6.4) 5999
Uterus 1537 (30.9) 1261 (25.4) 1064 (21.4) 775 (15.6) 331 (6.7} 4968
Cervix 935 (24.8) 805 (21.3) 856 (22.7) 763 (20.2) 413 (10.9) 3772

Total 46039 (29.6) 37334 (24.0) 33419 {21.5) 27412 (17.6) 11478 (7.4) 155682
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Prognostic factors

Age was studied in two or three categories, depending on the age-distribution of
cases for each cancer: lung, bladder and stomach (30-64, 65-74 and 75-99), breast,
ovary, uterus and pancreas (30-64 and 65-99), colorectum and prostate (30-74 and
75-99), and cervix (30-44, 45-64 and 65-99). The results of analyses in which age
was studied in much smaller categories did not differ from those presented in this
paper. Data for men and women were combined for cancers of the lung, colorec-
tum, stomach and pancreas, as both overall survival and the gradient in survival by
deprivation were very similar. Gender was included as a possible confounder for
these cancers. Survival from bladder cancer was clearly higher for men than for
women, and therefore we will also discuss the results for this cancer for men and
women separately. Period of diagnosis was included in the analysis in two five year
periods: 1980 to 1984 and 1985 to 1989. Stage at diagnosis (clinical or pathologi-
cal) was explicitly stated in 20% of the medical records for all cancers combined.
A simplified stage is routinely constructed by Registry staff for all cases, however,
using pathology reports, operation notes and other information. Stage was original-
ly categorised in three groups: local (tumour confined to the organ of origin);
regional (involvement of regional lymph nodes) and metastasis (spread to distant
organs). Patients for whom the stage at diagnosis was unknown were also included
in the analysis as a fourth category. For most of the cancers, the percentage of
patients diagnosed with a regional disease was rather low, and therefore the four
categories were distinguished only for cancers of the lung, breast, colorectum and
stomach. For the other cancers, the distinction was local, non-local (regional and
" metastasis combined), and unknown, Data for cancers of the colon and rectum
were combined and adjustment was made for subsite in five categories: (1) rectum,
(2) sigmoid, (3) ascending colon, (4) transverse and descending colon, and (5)
other subsites. Furthermore, subsites were distinguished for stomach cancer: (1)
cardia, (2) pylorus, (3) stomach excluding cardia and pylorus.

Survival analysis
Cases diagnosed between 1980 and 1989 were followed up until the date of death
or 31 December 1992, whichever occurred first.

To adjust for mortality from causes other than the cancer under study, we used
the relative survival rate as measure of outcome in the univariate analyses. The
relative survival rate, expressed as a percentage (RSR%) is the ratio of observed
survival in a group of cancer patients to the survival that would be expected if they
were subject to the same overall mortality rates by age, gender, and calendar
period as the general population.'”” The England and Wales life table for 1981 was
used to calculate expected survival. The RSR and its 95% confidence interval (CI)
were calculated by a computer program from the Finnish Cancer Registry."

In the multivariate analyses, the measure of outcome was the hazard ratio which
expresses the probability of death from the cancer under study for a specific
category of patients reiative to a reference category (which has a hazard ratio of
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unity). These analyses were conducted with a proportional hazards model adapted
to the RSR" using GLIM."

We started with a basic model which included duration of follow-up in two
categories (up to 5 years and 6 to 13 years) and deprivation category, and then
added the other variables {age, gender, period of diagnosis, stage at diagnosis and
subsite for colorectal and stomach cancer). The improvement in fit due to each
variable was tested for statistical significance at the 5% level with the Chi-square
test, The statistical significance of the trend in the hazard ratio across deprivation
categories was tested by examining the effect of adding deprivation category to the
model as a contimous variable (one degree of freedom).

5.2.3 Results

About 30% of all patients lived in areas categorised as the most affluent quintile of
the Carstairs Index, while only 7.4% lived in areas categorised as the most
deprived quintile. This distribution reflects the relative affluence of South Thames
within Great Britain. For a few cancers, the percentage of patients in the two most
affluent groups is higher than the percentage for all cancers combined: these are
breast, prostate and ovary and to a lesser extent colorectum and uterus. For cancers
of the lung, stomach and cervix, the percentage of patients in the two most
deprived categories is higher than the percentage for all cancers combined. For
cancers of the bladder and pancreas, there was a similar distribution across
deprivation categories as for all cancers combined. This variation in the distribution
of patients across deprivation categories per cancer as compared with all cancers
combined probably reflects variation in incidence by deprivation category (table 1).

Relative survival five years after diagnosis was better for patients from affluent
areas than for patients from deprived areas for cancers of the lung, breast, colorec-
tum, bladder, prostate, uterus and cervix, For these cancers we observed a gradient
in survival by deprivation, which was interrupted in the second lowest category of
deprivation for cancers of the lung, breast, prostate, uterus and cervix. The
gradient in survival by deprivation for bladder cancer was present only in men (5-
year RSR%: affluent (1) 69, (2) 67, (3) 66, (4) 63, deprived (5) 62), but not in
waornen. For cancers of the stomach, pancreas and ovary, no clear difference in 5-
year RSR% by deprivation category was observed (table 2).
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Table 2. Five year RSR and 95% confidence interval by deprivation category and cancer,
10 most common cancers, South Thames RHA, 1980-1989

Deprivation category

Cancer Affluent 2 3 4 Deprived
Lung 8.0 7.3 7.2 6.3 6.5
(7.3-8.7Y (6.6-8.0) (6.5-7.9) (5.7-6.9) (5.6-7.4)
Breast 71 67 63 64 60
(69-73) (65-69) (62-64) {62-66) (57-63)
Colerectum 40 41 39 36 36
(39-41) (39-43) (37-41) (34-38) (33-39)
Bladder 66 65 63 62 61
(64-68) (63-67) {61-65) (59-65) {56-66)
Prostate 52 48 45 40 42
(49-55) (45-51) (42-48) (37-43) (36-48)
Stomach 11 12 10 12 12
{10-12) (11-13) (9-11) (10-14) (9-15)
Pancreas 3.8 3.3 4.0 36 4,5
(2.7-4.9) (2.2-4.4) (2.8-5.2) - {2.34.9) (2.2-6.8)
Ovary 30 27 21 30 27
{28-32) (24-30) (24-30) {26-34) (22-32)
Uterus 16 71 71 66 67
(73-79) {68-74) {67-75) (61-71) (60-74)
Cervix 62 57 55 . 58 54
(59-62) (53-61) (51-59) (54-62) (49-59)

" 95% confidence interval

For each of the cancers we saw a similar gradient in 10-year RSR% by depriva-
tion category as for the 5-year RSR% (results not shown), Por cancers with an
overall 5-year RSR% below 20% (pancreas, lung, stomach), we also examined the
survival gradient by deprivation, 1 and 2 years after diagnosis. For cancer of the
pancreas, we observed a higher I-year RSR% in affiuent patients than in deprived
patients, but two years after diagnosis the gradient had disappeared. For lung and
stomach cancer, the results for survival one and two years after diagnosis were
similar to those for survival five and ten years after diagnosis (results not shown).

The stage distribution by cancer and deprivation category showed no systematic
pattern for most cancers, Oaly for breast cancer, and to a lesser degree for cancer
of the prostate, we found a higher percentage of patients with non-local disease in
the more deprived patient groups (table 3),
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Table 3. Percentage of patients with non-local siage at diagnosis by cancer and deprivation
category, 10 most common cancers, South Thames RHA, 1980-1989

Deprivation category

Cancer Affluent 2 3 4 Deprived  Total
Lung 36.3 30.9 29.1 28.9 29.3 29.8
Breast 29.5 31.2 30.5 322 355 30.9
Colorectum  32.6 33.2 326 31.9 32.2 32.6
Bladder 4.6 4.7 5.1 5.1 4.8 4.8
Prostate 26.8 26.3 28.3 27.8 314 27.4
Stomach 373 36.7 36.4 36.5 353 36.6
Pancreas 314 33.6 34.9 30.2 29.8 32.3
Ovary 36.7 394 43.2 30.1 314 39.1
Uterus 9.6 10.5 9.1 11.4 6.6 9.8
Cervix 10.1 11.6 12.4 10.2 13.6 11.3

Table 4 shows the results from the multivariate analyses, by cancer and depriva-
tion category. The hazard ratios presented in this table were adjusted for follow-up
period, age, gender, period of diagnosis- and subsite in colorectal and stomach
cancer. These hazard ratios combine results for the entire period of follow-up, so
for example the hazard ratic of 1.13 for the most deprived category of fung cancer
patients means that during the entire period of follow-up, the annual excess
probability of dying was 13% in the most deprived category as compared with the
most affluent category.

The resuits from the multivariate analyses are in agreement with the results
from the univariate analyses: the hazard ratios were higher in the more deprived
categories for cancers of the lung, breast, colorectum, bladder, prostate, uterus and
cervix. The trend in hazard ratios by deprivation was statistically significant for
these cancers. For cancers of the stomach, pancreas and ovary, no clear gradient in
hazard ratios by deprivation category was observed, and the trend in hazard ratios
by deprivation was not statistically significant.

We tested the improvement in fit of the preceding model resulting from the
addition of stage, which was statistically significant for each of the cancers.
However, the additton of stage caused no large changes in the hazards for the five
deprivation categories in most cancers (table 5). The changes in hazard ratios for
deprivation were largest for cancers of the uterus and cervix, especially in the most
deprived patient group. For cervical cancer, the hazard ratio for the most deprived
patient group changed from 1.35 to 1.27 and for cancer of the uterus from 1.46 to
1.59.
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Table 4, Hazard Ratio (HR} and 95% confidence interval {Cl) by cancer and deprivation
category, 10 most common cancers, South Thames RHA, 1980-1989!

Deprivation category

Cancer Affluent 2 3 4 Deprived Slope

HR HR HR HR HR HR
(95% Cb O5% Ch)  (95% CI) {95% CI) 95% Ch

Lung 1.00 L.o4 1.09 1.12 113 1.03
0.96-1.14) (1.00-1.19) (1.03-1.22y (1.01-1.26) (1.01-1.06)

Breast 1.00 1.15 1.27 1.27 1.47 1.09
(1.02-1.30)  (1.12-1.44) (1.11-1.46) (l1.22-1.76) (1.06-1.13)

Colorectum? 1.00 0.99 1.04 1.14 1.14 1.04
(0.92-1.08) (0.96-1.13) (1.05-1.25) (1.01-1.29) (1.02-1.06)

Bladder LOO 1.02 1,10 1.24 1.24 1.07
(0.86-1.21) (0.93-1.31) (1.04-1.48) (0.97-1.58) (1.02-1.12)

Prostate 1.00 1.i0 1.18 1.34 1.37 1.09
(0.94-1.30) (1.00-1.40) (1.12-1.60} (1.07-1.76) (1.04-1.14)

Stomach? 1.60 0.98 1.05 1.03 111 1.02
{0.87-1.1D)  (0.93-1.19) (0.91-1.17) (0.93-1.33) (0.99-1.06)

Pancreas 1.00 1.0l 0.96 - LO7 1.04 1.01
{0.88-1.15) (0.83-1.11} (0.92-1.25) (0.84-1.28) (0.97-1.05)

Ovary 1.00 1.10 1.13 1.05 1.10 1.02
{0.91-1.34) (0.93-1.39y (0.84-1.31) (0.81-1.50) (0.97-1.08)

Uterus 1.0¢ 1.21 1.18 1.48 1.46 1.1
(0.90-1.61) (0.87-1.60) (1.09-2.02) (0.97-2.20) (1.02-1.20)

Cervix 1.60 1.15 1.29 1.17 1.35 1.06

(0.94-1.40) (1.07-1.57) (0.96-1.44) (1.07-1.71) (1.01-1.12)

' Results from models with follow-up period, deprivation category, age, (sex), and period of
diagnosis ? Also adjusted for subsite

5.2.4 Discussion

Our results show that patients from deprived areas had worse survival than those
from affluent areas for cancers of the lung, breast, colorectum, bladder, prostate,
uterus and cervix, but not for cancers of the stomach, pancreas or ovary. The
excess hazard of death for patients from the most deprived category ranged from
11% for colorectal and lung cancer to 59% for cancer of the uterus (adjusted for
age, gender, period of diagnosis and stage at diagnosis). This shows an enormous
potential for a reduction of cancer mortality by improving the survival rates of
patients from deprived areas. Stage of disease at diagnosis was not an important
explanatory factor of the association between deprivation and survival.

We considered a number of methodological aspects that might have influenced
our results. First, we used an area-based measure of deprivation (Carstairs Index),
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which is a proxy measure of the deprivation of individual cancer patients. We did
not use social class based onr occupation as measure of deprivation, since this was
incomplete or missing for a large proportion of patients, especially for women.
Furthermore, deprivation was found to be more strongly associated with mortality
than social class based on occupation (Carstairs & Morris, 1989). On the other
hand, using an area-based measure could result in misciassification and therefore in
underestimation of the gradient in survival by deprivation, For most cancers our
resulis were similar to those from another English study in which an individual
measure of deprivation was used.® Better survival for patients with a low socioeco-
nomic status was found in this study for cancers of the prostate, breast, and
stomach and rectum in females, If the association between deprivation and survival
for these cancers would have been underestimated in our study as a resuit of
misclassification, the findings from both studies on these cancers would be even
more divergent.

Table 5. Hazard Ratio (HR) and 95% confidence interval (CI) by cancer and deprivation
category, 10 most common cancers, South Thames RHA, 1980-1989"

Deprivation category

Cancer Affluent 2 3 4 Deprived Slope
HR HR HR HR HR HR
(95% CI) (95% CI) (95% CD {95% CI) (95% CI)
Lung 1,00 1.04 1.09 £.13 1.11 1.03
(0.96-1,12) (1.01-1.18) (1.04-1.22) (1.00-1.23) (1.01-1.06)
Breast 1.00 1.15 1.29 1.24 1.43 1.09
{1.06-1.25y (1.19-1.41) (1.13-1.36) (1.27-1.62) (1.06-1.11)
Colorectum? 1.00 1.02 1.03 1.16 1.11 1.04
(0.95-1.09) (0.96-1.11) (1.07-1.25) (1.00-1.24) (1.02-1.06)
Bladder 1.00 1.05 1.07 1.22 1.22 1.06
(0.91-£.22)  (0.93-1.25) (1.05-1.42) (0.99-1.51) (1.02-£.10)
Prostate 1.00 1.11 121 1.37 1.34 1.09
(0.99-1,25) (1.07-1.36) (1.20-1.56) (1.i2-1.60) (1.06-1.13)
Stomach? 1.60 0.98 1.04 1.02 i1 1.02
{C.87-1.10) (0.93-1.18) (0.90-1.15) (0.93-1.32) (0.9%-1.03)
Pancreas 1.00 1.02 0.95 1.08 1.04 .01
(0.89-1.16) (0.83-1.09) (0.93-1.26) (0.85-1.28) {(0.97-1.05)
Ovary 1.00 1,12 1.09 1.08 1.12 1.02
(0.97-1.30) (0.94-1.28) (0.91-1.29) (0.88-1.43) (0.98-1.07)
Uterus 1.00 1.26 1.24 1.45 1.59 1.11
(0.99-1.61) (0.96-1.59) (1.1i-1.88) (1.12-2.24) (1.04-1.19)
Cervix i.00 1.12 1.26 1.14 1.27 1.05

(0.93-1.34)  (L.05-1.51) (0.94-1.37) (1.02-1.58) (1.00-1.10)

! Results from models with follow-up period, deprivation category, age, (sex), and period of
diagnosis 2 Also adjusted for subsite
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Second, DCO cases were excluded from the analyses, However, the percentage
of such cases varied systematically only across deprivation categories for lung
cancer, with a higher DCO% in more deprived categories (table 6). We were able
to estimate the effect of DCO cases on observed lung cancer survival, as the date
of diagnosis of as many DCO cases as possible diagnosed during 1986-1987 had
been obtained through the Family Health Service Authorities. The survival of these
cases could therefore be calculated and the ratio of survival reduction (%) to DCO
(%) was used to estimate the impact of DCO bias on our results (Bullard J,
personai communication). The ratio of the observed 5-year survival rate in the most
affluent group and the observed 5-year survival rate in groups 2 to 5 of lung cancer
patients respectively was .91, 0.90, 0.80 and 0.85. These ratios became 0.91,
0.89, 0.78 and 0.81, after correction for the exclusion of DCO cases, suggesting a
small under-estimation of the deprivation by survival gradient in lung cancer after
the exclusion of DCO cases.

Another possible source of bias is the use of a single life table, due to the
absence of social- class-specific life tables, to calculate expected survival in order
to adjust for mortality due to causes other than the cancer under study. This bias
could have resulted in overestimation of the gradient in relative survival by
deprivation. In general, overall mortality is higher in deprived areas, and therefore
the expected survival of patients from more deprived groups may be overestimated
if a life table from the general population is used. This may have resulted in
underestimation of the relative survival for the more deprived groups. For the
affluent patient groups, expected survival may be underestimated and relative
survival overestimated. There is some evidence, from a Finnish study on social
class and breast cancer survival, that this overestimation of the deprivation-survival
gradient is rather small. The ratio of survival between the highest and lowest social
class was 1.10 with corrected survival rates (censoring deaths from other causes)
and 1.12 with relative survival rates.!

Furthermore, we considered the possibility that bias of the results arose from
the use of a national rather than a regional life table to adjust for expected mortali-
ty. Overall mortality was lower in South Thames than in England and Wales as a
whole,” so expected survival was lower and relative survival higher than if a
regional life table had been used. It is unlikely, however, that differences in life
expectancy calculated nationally or regionally would be systematic by deprivation
category and therefore result in a bias of the relative survival gradient by depriva-
tion.

Finally, the use of a life table based on a single year (1981) might have caused
a bias of the results, but this concerns overall survival, It seems unlikely that the
association between deprivation and survival was biased, since the distribution of
cases across years of diagnosis did not vary between deprivation categories.
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Table 6. DCO cases (%) by cancer and deprivation category, 10 most common cancers,
South Thames RHA, 1980-1989

Deprivation category

Cancer Affluent 2 3 4 Deprived Total
Lung 15.8 16.2 17.3 18.3 19.9 17.2
Breast 7.9 8.9 9.0 9.4 9.4 9.4

Colorectum 14,1 13.3 3.3 12.9 15.9 13.6
Bladder 6.8 6.5 5.7 7.8 7.4 6.7

Prostate 12.2 12.7 3.5 i2.5 13.5 12.7
Stomach 19.9 17.6 17.8 18.9 21.8 i8.9
Pancreas 22.5 20.1 20.8 21.1 20.3 21.1
Ovary 11.4 11.9 13.4 13.2 12.8 12.3
Uterus 5.9 6.2 5.6 5.7 8.3 6.0

Cervix 5.9 5.7 5.5 7.6 4.8 6.0

The stage variable which we used in this analysis is not identical to the TNM
stage. However, the resulting reduction in deviance was substantial in our analyses,
suggesting reasonable validity of the stage variable. This was confirmed when the
prognostic significance of this stage variable and the TNM stage were found to be
very similar in breast cancer cases for which both stage codes were available (Lutz
J-M, personal communication).

We further considered the possibility that lead-time bias might explain part of
the survival with deprivation gradient in this study. The analyses in this paper
included an adjustment for stage of disease at diagnosis. As the period between
origin of the tamour and diagnosis is associated with stage, adjustment was made,
indirectly, for lead-time, Of course, residual confounding due to stage, and
therefore lead-time, may still explain part of the association between deprivation
and survival. Howevei, if lead-time bias were the explanation, we would expect a
larger difference in survival by deprivation in the first period of follow-up than in
the later peried, and this was clearly not the case in our study. The results from
survival analyses of patients with metastatic disease showed better survival for
patients from the most affluent group as compared to the most deprived group for
six out of the seven cancers for which we had observed better survival in the
affluent patients; the only exception was lung cancer, However, the gradient in
survival by deprivation was not consistent for any of these cancers and 95% Cls
were rather broad for most categories.

Onty for cancers of the cervix and wterus did we find a substantial change in the
hazard ratios for the five deprivation categories resulting from the addition of
stage. Although siage is a very important prognostic factor in general, it cannot
explain the gradient in survival by deprivation, This was also found in other
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studies, in which socioeconomic variation in survival from either breast can-
cer'™®2 colorectal cancer,?*” colon cancer” or cancer of the prostate® persisted
after adjustment for stage. Similar results were found in older studies for many
cancer sites, 2%

Another possible explanation for the gradient in survival by deprivation is a
difference in the management of cancer patients from various deprivation catego-
ries. It could be argued that this factor may be more important in cancers with an
overall medium or good prognosis, and that for such cancers socioeconomic
variation in survival would be larger. We calculated the ratios of survival rates of
the most affluent and the most deprived patient group for each cancer and ranked
these according to the overall survival of the cancers. From these results we
observed no clear gradient, which is in agreement with other results.” We did find,
however, that the variation in survival by deprivation was absent or rather small in
cancers with refatively poor or moderate overall survival (pancreas, lung, stomach,
ovary, colorectum), while variation was larger in cancers with a fairly high overail
survival (prostate, bladder, cervix, breast, uterus).

Our results show that the gap in survival between cancer patients from affluent
and deprived areas is large, both in absolute and relative terms. We found no
evidence for an explanation of the survival gradient by deprivation in terms of
farge variation in stage of disease at diagnosis. Other determinants of socioecono-
mic variation in early detection of cancer by deprivation should be studied, such as
the biological aggressiveness of a tumour, and host factors which may interact with
the tumour. Examples of such factors are co-morbidity, psychological factors,
nutritional status, social support, and immune response. In addition, determinants
of treatment should be studied, such as adherence to guidelines and type of
hospital.
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Chapter 6. Socioeconomic variation in cancer survival in the
Southeastern Netherlands and the South Thames
area: a comparison

6.1 Introduction

The results of studies on socioeconomic variation in cancer survival were described
for the Southeastern Netherlands in chapter 4 and for the area covered by the South
Thames Regional Health Authority (RHA) in chapter 5. A comparison of socioeco-
nomic variation in cancer survival for the two areas is now presented, evaluating
both the pattern of socioeconomic variation in survival and the steepness of the
socioeconomic gradient in survival, Furthermore, the impact of stage of disease at
diagnosis on the association between socioeconomic stats and survival in the two
areas was compared. The histological type of the tumour and treatment were not
included in this analysis as it was shown in earlier chapters that their distribution
did not vary systematicaily between socioeconomic groups.

6.2 Patients and methods

The data concerned patients diagnosed between 1980 and 1989 in either the
Southeastern Netheriands or the South Thames area with a malignant tumour of the
lung, breast, or colorectum, the 3 most common cancers in both areas with a large
enough number of patients to reliably determine socioeconomic variation in
survival for patients from the Southeastern Netherlands. Only patients aged 30 to
99 years were included. Therefore the number of patients for the Southeastern
Netherlands is lower in this analysis than in chapter 4, in which no lower limit for
age was set. The end of follow-up was set at July 1, 1991 while it was December
31, 1992 in chapter 5 for the South Thames area. The resulis presented in this
chapter may therefore differ sllghtly from those in chapter 5.

The measures of socioeconomic status were the same as in the earlier chapters
(see also chapter 3). For the Southeastern Netherlands, the measure of
socioeconomic status was based on the postcode of residence at time of diagnosis,
through which each patient was assigned to one of 45 categories of a sociodem-
ographic classification. The 45 categories were collapsed into 5 socioeconomic
categories, based on quintiles of the underlying population and using education as
main indicator of socioeconomic status. Table 1 contains the distribution of both
the entire Dutch population and the population of the Southeastern Netherlands
across the 5 sociceconomic categories. The distribution of cases across socioecono-
mic groups for different cancers probably reflects socioeconomic variation in
cancer incidence: a higher lung cancer incidence in the lower socioeconomic
groups and a higher incidence of cancers of the breast and colorectum in the higher
socioeconomic groups.
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Table 1. Distribution of population and cancer cases across socioeconomic status (SES)
groups, Southeastern Netherlands, cancers of the lung, breast and colorectum,
1980-1989
Population Cancer cases
South-
eastern 3 most
SES  Nether- Nether- common
lands lands cancers  Lung Breast Colorectum

High 19.5% 20.1% 18.2% 7i6  15.6% 790 202% 679 19.3%
) 18.5% 14.4% 10.2% 418  91% 426 109% 371 10.6%
3) 19.7% 21.4% 20.4% 943  20.6% 8i1 208% 703 200%
@ 21.2% 22.4% 25.0% 1172 25.6% 981 25.1% 854 24.3%
Low 21.1% 21.7% 26.2% 1336 29.1% 899 29.1% 906 25.8%
Total 100% 100% 100% 4585 100% 3907 100% 3513 100%

Table 2. Distribution of population and cancer cases across deprivation categories, South
Thames, cancers of the lung, breast and colorectum, 1980-1989
Population Cancer cases
Depri- 3 most
vation Great  South common
category  Britain Thames cancers Lung Breast Colorectum
Affluent 20%  32.9% 29.5% 10088 25.0% 10097 34.0% 8530 30.7%
(2} 20% 22.6% 24.0% 9160 22.7% 7147 24.1% 6901 24.8%
3) 0%  192% 21.5% 8989 223% 6107 20.6% 6002 21.6%
4 20% 164% 17.6% 8223 204% 4536 153% 4662 16.8%
Deprived 20% 8.9% 7.4% 3819 95% 1789 6.0% 1701 6.1%
Total 100%  100% 100% 40279 100% 29676 100% 27796 100%

For the South Thames area, we used the Carstairs Index as measure of depriva-
tion, which was assigned to each patient through the census enumeration district of
residence at the time of diagnosis. The five categories of the area-based measure
were originally constructed using the population distribution of Great Britain,
resulting in 5 equally sized deprivation categories. When all the enumeration
districts in the South Thames area were assigned to one of these 5 categories, the
distribution across deprivation categories became more skewed (table 2), This is
due to the fact that the South Thames area is a relatively affluent area within Great
Britain, and therefore the number of enumeration districts assigned to the affluent
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categories was much higher than the number assigned to the deprived categories.
The distribution of cancer cases across deprivation categories again probably
reflects variation in incidence per deprivation category: a higher lung cancer
incidence in the deprived categories and a higher incidence of breast cancer and
colorectal cancer in the affiuent categories,

The following prognostic factors were studied: age (breast cancer: 30-64 and 65-
99; lung cancer: 30-64, 65-74 and 75-99; colorectal cancer: 30-74 and 75-99), sex,
period of diagnosis (1980-1984 and 1985-1989), and stage of disease at diagnosis in
the same categories as in earlier chapters (local, regional, distant and unknown).
Subsite was also included in the analysis of colorectal cancer, in 5 categories:
rectum, sigmoid, ascending colon, transverse and descending colon, and other
subsites.

In data analyses, the same techniques were used as in earlier chapters, resulting
in the same measures of outcome as in the studies reported in chapters 4 and 5.
The univariate analyses were conducted with the computer program for cancer
survival studies from the Finnish Cancer Registry'. The measure of outcome in the
univariate analyses was the relative survival rate (RSR)* and in the multivariate
analyses, it was the hazard ratio.® In the multivariate analyses we started with a
basic model including duration of follow-up in two periods (up to 5 and 6-12 years)
and socioeconomic status (5 categories), to which we added the possible confoun-
ders age (2 or 3 calegories), sex, and period of diagnosis (2 categories) (model 1).
We then added stage of disease at diagnosis to these models (model 2). Addition of
each factor was evaluated by testing the change in deviance for statistical signifi-
cance, in relation to the corresponding change in degrees of freedom for this
factor.

6.3 Results
6.3.1 Lung cancer

Table 3 shows the 5-year RSR by socioeconomic group and area of residence for
lung cancer. Overall 5 year survival was higher in the Southeastern Netherlands
than in the South Thames area. The gradient in survival by socioeconomic status
was similar for both areas, but the ratio of 5-year RSR for the highest and lowest
socioeconomic group was higher in the Southeastern Netherlands (1.36) than in the
South Thames area (1.26).

The distribution of stage of disease at diagnosis across socioeconomic groups in
both areas is given in table 4. For all patients combined, so regardless of SES, we
observed a much higher percentage of patients registered with local disease in the
South Thames area as opposed to the Southeastern Netherlands. This seemed to be
at odds at first sight with the lower overall lung cancer survival in the South
Thames area. Consequently, the percentage of lung cancer patients registered with
regional or metastatic disease was higher in the Southeastern Netherlands.
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Table 3. Five year relative survival rate by socioeconomic status, lung cancer, Southeastern
Netherlands and South Thames, 1980-1989

Socioeconomic Southeastern

Status Netherlands South Thames

High 15 (12-18y 7.8 (7.2-8.4}

) 17 (12-21) 7.3(6.7-1.9)

3) 14 (11-17) 7.1 (6.4-7.8)

(4) 12 (9-15} 6.3 (5.6-7.0)

Low 11 {9-13) 6.2 (5.3-7.1)

Total 13 (12-14) 7.1 (6.8-7.4)

Ratio High/Low 1.36 1.26

* 95% confidence interval between brackets

The stage distribution did not vary systematically between socioeconomic groups
in either of the areas. The observed differences in stage distribution between the
two areas could either reflect a true difference or might be caused by a difference
in the classification of stage. We will come back to this issue in the discussion, The
patterns of stage distribution across socioeconomic groups did not change substanti-
ally after the exclusion of patients for whom no information on stage was available.

Table 4. Stage of disease (%) at diagnosis by sociceconomic status (SES), lung cancer,
Southeastern Netherlands and South Thames, 1980-1989
Southeastern Netherlands South Thames
High ) (3 @4 Low Tot {High 2) 3 Low Tot
Stage
FLocal 20,0 213 193 199 195 198389 384 392 384 376 386
Regional 18.3 187 203 202 i84 {93} 70 173 64 63 58 6.7
Distant 272 246 265 263 287 27.0|233 237 226 22,6 235 23.1
Unknown 345 354 339 33.6 335 339|303 307 3.7 327 331 316
Totai io0 100 100 | 160 100 100 {100 100 100 100 100 100

Table 5 shows stage specific lung cancer survival for both areas. In two of the
four distinguished stage categories, 5-year survival was higher in the Southeastern
Netherlands than in South Thames. The difference in survival was especially large

for patients with tocal disease,

The ratios of 5-year RSR for patients with regional disease, metastatic disease or
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or unknown stage of disease and the 5-year RSR of patients with local disease
(reference category) are also given in table 5. The contrast in survival between
categories of stage was much more marked in the Southeastern Netherlands than in
the South Thames area. This is also reflected in the 5-year RSR for South Thames
patients with local and regional disease, which were similar. This implies again that
the classification of stage in the South Thames area is probably not correct as was
also shown by the relatively low percentage of lung cancer patients with regional
disease in this area (table 4).

Table 5. Five year relative survival rate by stage, lung cancer, Southeastern Netherlands
and South Thames, 1980-1989
Southeastern Netherlands South Thames

5 year Survival ratio 5 year Survival ratio
Stage RSR 95% CI (ref=local) RSR 95% CI  (ref=local)
Local 35 31-39 1.00 10.5 9.8-11.2 1.60
Regional 12 9-15 0.34 i1.7 10.2-13.2 1.11
Distant 1 0.4-1.6 0.03 2.3 2.0-2.6 0.22
Unknown 10.3 8.4-12.2 0.29 5.5 5.0-6.0 0.52

RSR: Relative Survival Rate; CI: confidence interval; ref: reference category

Table 6 shows the resuits from the multivariate analyses on lung cancer for both
areas. Period of diagnosis (both areas) and sex (South Thames) are not shown in
this table as they proved not to confound the association between socioeconomic
status and survival. The gradient in hazard ratios across socioeconormic groups after
adjustment for confounders, was slightly steeper in the Southeastern Netherlands
than in the South Thames area, but the corresponding HR was of borderline
statisticai significance. The addition of stage to the model caused negligible changes
in the hazard ratios for both areas. These findings are in agreement with those
from the univariate analyses in which we found no clear association between
socioeconomic status and stage in ejther of the two areas,
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Table 6, Hazard ratio by socioeconomic status, lung cancer, Southeastern Netherlands and
South Thames, 1980-1989

Southeastern Netherlands South Thames
Model: Fu,SES, +Stage Fu,SES, + Stage

age,sex age

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CD
Affluent 1.00 1.00 1.00 1.00
(2 0.96 (0.75-1.23)  0.94 ¢0.77-1.15)  1.04 (0.95-1.14)  1.04 (0.95-1.13)
)] 1.06 (0.87-1.30y  1.06 (0.90-1.24)  1.09 (0.99-1.20) .11 (1.01-1.21)
) 1.13 (0.94-1.38)  1.13(0.96-1.32) 112 (1.02-1.24)  1.13 (1.03-1.24)
Deprived E17 (0.98-1.41) 117 (1.00-1.36) 114 (1.00-1.29 1,13 (1.01-1.27)
Slope 1,05 (1.00-1.09)  1.05(1.02-1.08)  1.04 (1.01-1.06)  1.03 (1.01-1.06)

FU: follow-up; SES: socioeconomic status; HR; hazard ratio; CI: confidence interval

6.3.2 Breast Cancer

For breast cancer, we observed a higher 5 year survival for patients in the Southe-
astern Netherlands than in the South Thames area. The gradient in breast cancer
survival by socioeconomic status was more consistent and steeper in the South
Thames patients and the ratio of the 5 year RSR for the highest and lowest
socioeconomic group was 1.17 in the South Thames area and 1.05 in the Southeas-
tern Netherlands {table 7).

Table 7. Five year relative survival rate by socioeconomic status, breast cancer, Southeas-
tern Netherlands and South Thames, 1980-1989

Sociceconomic Southeastern
Status Netherlands South Thames
High 77 (73-81) 70 (69-71)
(2) 74 (69-79) 66 (65-67)
3) 75 (71-79) 63 (61-65)
@) 72 (68-76) 63 (61-65)
Low 73 (69-77) 60 (57-63)
Total 74 (72-76) 66 (65-67)
Ratio High/Low 1.05 117

*95% confidence interval between brackets
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The variation in stage disiribution between the areas for breast cancer was less
marked than for lung cancer. The percentage of patients registered with regional
disease was much higher in the Southeastern Netherlands, while the percentage
with either a metastatic disease or stage unknown was higher in the South Thames
area. For breast cancer, we found a higher percentage of patients with metastatic
disease in the lower socioeconomic groups for both areas, although the differences
between the highest and lowest socioeconomic group were not very large. In the
Southeastern Netherlands the percentage of patients with a metastatic disease
ranged from 5.4 in the highest to 8.6 in the lowest socioeconomic group, while it
ranged from 8.6 in the highest to 12.3 in the lowest socioeconomic group in the
South Thames area (table 8).

Table 8. Stage of disease (%) at diagnosis by socioeconomic status (SES), breast cancer,
Southeastern Netherlands and South Thames, 1980-1989
Southeastern Netherlands South Thames
SES: High 2} 3 @) Low Tot | High (2) (3 @ Low Tot

Local 49.5 495 46.7 46.8 485 48.0| 484 488 50.8 481 448 487
Regional 359 315 33.0 1337 31.8 334209 218 21.0 21.7 232 214
Dristant 54 66 63 68 86 68| 86 94 95 105 123 95
Unknown 9.2 124 139 126 11.1 118221 200 187 197 197 204
Total 100 100 100 100 100 100 {100 100 100 100 100 10D

For breast cancer patients 5-year survival was higher in 3 out of 4 stage catego-
ries in the Southeastern Netherlands than in the South Thames area. Only for
patients with metastatic disease the 5-year survival was higher in the South Thames
area (table 9). For breast cancer patients, we found that the ratio of survival rates
for patients with metastatic disease as compared to those with local disease
(reference category}, was much smailer (farger contrast) in the Southeastern
Netherlands, while for the other stage categories the ratios were of similar magni-
tude in both areas.
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Table 9. Five year 1elative survival rate by stage, breast cancer, Southeastern Netherlands
and South Thames, 1980-198¢
Southeastern Netherlands South Thames
5 year RSR survival ratio 5 year RSR survival ratio
(95% CI) (ref=local) (95% CI) (ref=local)
Local 91 (89-93) 1.00 81 (80-82) 1.00
Regional 67 (64-70) 0.74 60 (58-62) 0.74
Distant 22(7-17) 0.13 24 (22-26) 0.30
Unknown 62 (56-68) 0.68 57 (55-59) 0.70

RSR: Refative Survival Rate; CI: confidence interval; ref: reference category

Table 10 shows the results from the mulivariate analyses of breast cancer

survival in both areas. Period of diagnosis did not confound the association
between SES and survival in the Southeastern Netherlands and is therefore not
mentioned in table 9.
The gradient in hazard ratios by socioeconomic status was much steeper in the
South Thames area, which was also found in the univariate analyses. Adjustment
for stage caused only small changes in the hazard ratios in the South Thames area,
while in the Southeastern Netherlands, differences in hazards by sociceconomic
status became much smaller after adjustment for stage.

Table 10, Hazard ratio by sociceconemic status, breast cancer, Southeastern Netherlands and
South Thames, 1980-1989

Southeastern Netherlands South Thames
Model: Fu,SES, + Stage FU,SES, +Stage

Age Age, Per

HR HR HR HR

(95% CI) (95% CI) {95% CI) (95% CI}
Affluent - 1.00 1.00 1.00 1.00
2) 1.01 (0.71-1.44)  1.04 (0.79-1.37)  1.15(1.02-1.30)  1.15 (1.06-1.25)
3) 1.02 (0.76-1.36)  1.02 (0.82-1.28)  1.27 (1.12-1.44)  1.29 (1.19-1.41)
4) 1.14 (0.87-1.50)  1.05(0.85-1.30)  1.27 (}.11-1.46)  1.24 (1.13-1.36)
Deprived 1.20 (0.92-1.57y  1.03 {0.83-1.27)  1.46(1.22-1.76) 1.43 (1.26-1.62)
Slope 1.05(0.99-1.12) 1.01 {0.96-1.06) 1.09(1.06-1.13) 1.09 (1.06-1.11)

FU: Follow-up; SES: socioeconomic status; HR: hazard ratio; CE: confidence interval
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6.3.3 Colorectal cancer

The results in table 11 show that both also for colorectal cancer, 5 year survival is
higher for patients from the Southeastern Netherfands than for patients from the
South Thames area. Furthermore, both the pattern and gradient in survival by
socioeconomic status were very similar for both areas,

Table 11. Five year relative survival rate by socioeconomic status, colorectal cancer, South-
eastern Nethertands and South Thames, 1980-1989

Socioeconomic Southeastern
Status Netherlands South Thames
High 54 (49-59) 41 (39-43)
@ 53 (46-60) 41 (40-42)
(3} 50 (45-55) 39 (37-41)
) 48 (43-53) 36 (34-38)
Low 48 (44-52) © 37 (34-40)
Total 50 (48-52) 39 (38-40)
Ratio High/Low 1.13 L.11

" 95% confidence interval between brackets

For colorectal cancer, the differences in stage distribution between the areas
were much smaller than for the other cancers. We observed a slightly higher
percentage with local and regional disease in the Southeastern Netherlands and a
lower percentage with unknown stage in this area. There was no clear association
between SES and stage in either of the areas. After the exclusion of patients
without information on stage, the differences in stage distribution between the areas
remained similar (table 12).
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Table 12. Stage of disease (%) at diagnosis by socioeconomic status (SES), colorectal
cancer, Southeastern Netherlands and South Thames, 1980-1989
Southeastern Netherlands South Thames
SES: High () (3) (@ Low Tot {High 2 (3 @& Low Tot

Local 38.3 459 459 45.0 423 4321418 42,1 40.7 408 40.1 414
Regional 19.2 184 169 191 178 183|143 151 147 13.1 142 144
Distant 21,5 18.0 155 143 184 181|183 181 179 188 18.0 1i8.2
Unknown 21.0 17.7 21.6 21.6 21.5 205|255 24.6 267 27.3 27.7 260
Total 100 i0¢ 100 100 100 100 | 100 100 100 100 100 160

For colorectal cancer, patients in the Southeastern Netherlands with local disease
and unknown stage showed a much higher 5-year survival than patients with the
same stage in the South Thames area. Relative survival for patients from the two
areas with regional disease was similar, while (as for lung and breast cancer) for
patients with metfastatic disease, those living in the Southeastern Netherlands had a
lower 5-year RSR than those living in South Thames. Again, we observed a larger
contrast in relative survival by stage in the Southeastern Netherlands as compared
to South Thames (table 13}.

Table 14 shows the results from the multivariate analyses of colorectal cancer
survival, Sex and period of diagnosis did not confound the association between
sociceconomic status and survival and are therefore not presented in the models.
The gradient in hazard ratios by socioeconomic status from a model with SES and
confounders seemed to be somewhat steeper for colorectal cancer patients from the
Southeastern Netherlands, with borderline statistical significance. Adjustment for
stage had hardly any effect in the South Thames area, while the effect of stage was
larger in the Southeastern Netherlands.

Table 13, Five year RSR by stage, colorectal cancer, Southeastern Netherlands and South
Thames, 1980-1989
Southeastern Netherlands South Thames
5 year RSR survival ratio 5 year RSR survival ratio
(95% CI) {ref=local) {95% CI) {ref=locat)
Local 76 (72-80) 1.00 60 (58-62) 1.00
Regional 39 (33-45) 0.51 37 (35-39) 0.62
Distant 3(1-5) 0.04 9 (8-10) 0.15
Unknown 49 (45-53) 0.64 31 (29-33) 0.52

RSR: Relative Survival Rate; Cl: confidence interval; ref: reference category
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Table 14.

Hazard ratioc by deprivation, colorectal cancer, Southeastern Netherlands and

South Thames, 1980-1989

Southeastern Netherlands

South Thames

Modet: Fu,SES, + Stage FU,SES, + Stage

Age, Age,

subsite, subsite

HR HR HR HR

(95% CI} {95% CI) (95% CI) {95% CD
Affluent 1.00 1.00 1.00 1.00
2) 0.99 (0.75-1.31)  1.08 (0.86-1.35) 0,98 (0.87-1.08) 1.02 (0.94-1.11)
3) 1.05 {0.84-1.32) 1.11 (0.92-1.33) 1.04 (0.94-1.16) 1.05 (0.96-1.14)
4) 1.16 {0.93-1.44) 130 (1.09-1.54) 1.14 (1.02-1.27y  1.14 (1.04-1.25)
Deprived 1.19 (0.96-1.47) 121 (1.02-1.43) 1.14 (0.97-1.34)  1.12 (0.98-1.28)
Slope 1.05 (1.00-1.10) 106 (1.02-1.10) 1,04 (1.01-1.07y  1.04 (1.01-1,06)

FU: follow-up; SES: socioeconomic status; HR: hazard ratio; CE confidence interval

6.4 Discussion

The aim of the analyses described in this chapter was to find out whether socioeco-
nomic variation in survival from the 3 most common cancers differs between two
areas within western Europe: the Southeastern Netherlands and the area covered by
the South Thames Regional Health Authority. Furthermore, the impact of stage on
the association between socioeconomic status and survival was studied for both
areas.

The results of the comparison suggest that socioeconomic variation in survival
from lung and colorectal cancer is similar in both areas, with a better survival in
the higher sociceconomic groups. For breast cancer, we also observed better
survival for the higher sociceconomic groups in both areas, with clearly larger
socioeconomic variation in survival in the South Thames area than in the Southeas-
tern Netherlands.

Overall, the impact of stage of disease at diagnosis on the association between
sociceconomic status and survival appeared to be small. Univariate analyses
showed that only in breast cancer patients, metastatic disease was more common in
the lower socioeconomic groups in both areas. In the multivariate analyses,
adjustment for stage only had an effect on the hazard ratios for different socioeco-
nomic groups of breast cancer patients from the Southeastern Netherlands. In this
area, the socioeconomic gradient in breast cancer survival disappeared after
adjustment for stage, while it remained unchanged for breast cancer patients from
the South Thames area. For cancers of the lung and colorectum we observed no
substantial change in hazard ratios for sociceconomic categories after adjustment
for stage in either of the study-areas.

We considered some methodological issues which might have influenced the
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study results. The type of data used and the method of data analysis were similar
for the two study areas. We have used the same inclusion criteria, study period,
follow-up period and analytical methods to study socioeconomic variation in cancer
survival in both areas. For the South Thames area however, a substantial number
of patients could not be included in the analysis, either because their postcode was
unknown or because their registration was based on a death certificate only. The
survival of cases with unknown postcode did not differ substantially from the
survival of the other cases however (see 5.2). Furthermore, the effect of excluding
DCO cases on the gradient in survival by deprivation proved to be not very large
(see 5.2).

The measure of sociceconomic status used in both countries differs with respect
to content and level of measurement. The area-based measure developed for the
Dutch analyses was based on about 20 socioeconomic and sociodemographic
variables. Each postcode had been assigned to one of 45 sociodemographic catego-
ries, according to these 20 variables, while we mainly focused on education as the
variable of interest in our analysis. In the British study, four indicators of material
deprivation were used to calculate a score for each census enumeration district,
from which we derived the Carstairs Index. Each small area was assigned to one of
the 5 deprivation categories, defined by quintiles of the national population
distribution, according to the combined score on these 4 variables. This difference
in construction of the sociceconomic variables in the two areas may have caused
more misclassification of the educational level of postcodes in the Southeastern
Netherlands. On the other hand, information at the smallest level concerned only
16 households per postcode on average in the Netherlands and about 400 house-
hoids per census enumeration district on average in the South Thames area, which
would imply less misclassification of the socioeconomic score for the Southeastern
Netherlands than for the South Thames area.

Another methodological issue concerns a possible difference in the quality of the
data on stage of discase at diagnosis between the cancer registries. This is indicated
by a number of findings: firstly, the percentage of lung cancer patients diagnosed
with local disease was much higher in the South Thames area than in the Southeas-
tern Netherlands, while the percentage of patients with regional disease was
exceptionaily low, This is not what we would have expected, given the low overall
lung cancer survival in the South Thames area. Furthermore, we observed a larger
contrast in relative survival rates between categories of stage in the Southeastern
Netherlands as compared to the South Thames area. These findings imply substanti-
al understaging of lung cancer patients from the South Thames area, but we do not
know whether this is differential by deprivation category. An indicator of the
accuracy of staging in the various deprivation categories could be the percentage of
patients without information on stage, which is only slightly higher in the more
deprived patient groups however. Taking all these findings together we might
conclude that the staging of lung cancer patients or recording of stage by the
registry in the South Thames area is not nearty as good as in the Southeastern
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Netherlands.

For breast cancer we observed smaller differences in the distribution of stage
categories between the areas than for lung cancer, although the percentage of
patients classified with regional disease was clearly lower for breast cancer in the
South Thames area. However, also for breast cancer survival data point to possible
differences in the quality of information on stage. Contrast in survival for patients
with metastatic disease as compared to those with local disease was larger in the
Southeastern Netherlands than in the South Thames area. This is further itlustrated
by the effect of adjustment for stage on the socioeconomic gradient in survival. In
both areas we had observed a higher percentage of patients in the lower socioeco-
nomic groups diagnosed with metastatic disease. However, adjustment for stage
explained most of the survival gradient in the Southeastern Netherlands, while for
South Thames the gradient remained similar to the unadjusted gradient.

Finally the resuits of the analyses for colorectal cancer also imply misclassification
of stage in the South Thames area. Again we found clearly more contrast in
survival by stage category in data from the Southeastern Netherlands as compared
to South Thames. However, understaging in these patients seemed less severe than
in patients with lung cancer.

In summary, these findings all point at a less valid staging system or recording of
stage in the South Thames area than in the Southeastern Netherlands. This could be
due to understaging by clinicians, which is reflected in a higher percentage of
patients with local disease, especially in lung cancer and to a lesser extent for the
other cancers. The understaging of cancer patients in the South Thames area could
be caused by a lack of access to specialised care for at least part of the patients.
This access could be different for patients from different socioeconomic groups, but
this was not suggested by our findings on the stage distribution across socioecono-
mic groups,

In earlier chapters we discussed the possibility of overestimating the socioecono-
mic gradient in survival as a result of using only one life table to adjust for
mortality from causes other than the cancer under study (expected survival). In a
study on male mortality according to level of education in nine different countries
in the 1970s (age range 35-54), socioeconomic variation in general mortality was
larger in England and Wales than in the Netherlands.® In both countries mortality
was higher in the lower socioceconomic groups. If the socioeconomic gradient in
overall mortality is larger in the South Thames area than in the Southeastern
Netherlands, the overestimation of the gradient in survival by socioeconomic status
may be larger in the South Thames area as well. This above referenced comparati-
ve study on overall mortality only concerns men in a specific age range, and
therefore its results can only be an indicator of possible effects of socioeconomic
variation in overall mortality on the socioeconomic gradient in cancer survival.

We found a clear difference in the impact of sociceconomic status on breast
cancer survival for both areas, with a much steeper gradient in breast cancer
survival in the South Thames area, while for lung and colorectal cancer this was
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not the case. One possible explanation for this finding is that early detection,
resulting in a beter prognosis, is more common in breast cancer than in lung and
colorectal cancer. Socioeconomic variation in the early detection of breast tumours
(less advanced disease in the higher sociceconomic groups) may well be larger in
the South Thames area than in the Southeastern Netherlands. This was not reflected
in a comparison of the stage distribution across socioeconomic groups in both areas
however, but this might be explained by the understaging of patients in the South
Thames area.

Overall survival is higher in breast cancer than in lung and colorectal cancer,
and it has been hypothesized that in cancers with a good overall prognosis the
impact of treatment on socioeconomic variation in survival may be larger.* So if
socioeconomic variation in treatment were part of the explanation of the differences
in survival gradient between both areas, these differences could be expected to be
maximal for breast cancer. For the Southeastern Netherlands, this explanation is
not appropriate because any variation in survival by socioeconomic status disappea-
red in the Southeastern Netherlands after adjustment for stage. For the South
Thames area, it could well be a plausible explanation for (part of) the socioecono-
mic variation in cancer survival. However, in our previous study of the association
between socioeconomic status and broad treatment categories in both areas, no
systematic differences in treatment between socioeconomic groups appeared. If the
quality of and compliance with treatment would differ between socioeconomic
groups, treatment differences by socioeconomic status could explain (part of) the
variation in survival by deprivation in the South Thames area.

From our study of the socioccontomic gradient in survival in two areas within
western Europe, we can draw some tentative conclusions. Socioeconomic variation
in survival from fung and colorectal cancer was similar in the two study areas,
whereas socioeconomic variation in breast cancer survival was much larger in the
South Thames area. Stage of disease at diagnosis did not seem to be a major
determinant of this variation in either of the two areas, except for breast cancer in
the Southeastern Netherlands., We need to be careful in drawing firm conclusions
based on the stage data from Thames Cancer Registry however. A next step would
be to conduct a similar study, while {rying to avoid differences in design between
boih studies, especially differences in the measure of sociceconomic status and
differences in the quality of stage information.
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Chapter 7. Discussion

7.1 Summary of the results

The first aim of the studies reported in this thesis was to describe socioeconomic
variation in cancer survival for two areas within western Europe: the Southeastern
Netherlands and the area covered by the South Thames Regional Health Authority
(RHA) in Southeast England. In the Southeastern Netherlands, we found, after
adjustment for confounding variables, an up to 20% higher probability of death for
patients from low socioeconomic status (SES) arcas diagnosed with cancer of the
lung, breast, colorectum, and prosfate, as compared to patients from high SES
areas. For stomach cancer, a higher probability of death was found for patients
from high SES areas. In the South Thames area, we found a higher probability of
death for deprived patient groups as compared to affluent patient groups for 7 out
of the 10 most common cancers (lung, breast, colorectum, bladder, prostate,
uterus, and cervix). This excess mortality for deprived patients ranged from 13%
for lung cancer to 48% for breast cancer, after adjustment for confounding
variables. For the remaining 3 cancers (stomach, pancreas, and ovary), no statisti-
cally significant variation in survival by deprivation was found, although the results
were indicative of better survival in the affluent patient groups,

The second aim of this thesis was to investigate the impact of a number of
prognostic factors, which were grouped in four main categories, on the association
between SES and cancer survival, Firsily, sociceconomic differences in some
biological features of a tumour (subsite in colorectal and stomach cancer,
histological type of a tumour) were studied. For both study areas, we found no
clear association between SES and either subsite in colorectal or stomach cancer or
the histological type of a mumour in any of the cancers.

We further studied the association between SES and stage of disease at
diagnosis, as an indicator of delay in diagnosis. For most cancers we found no
association between SES and stage of disease at diagnosis in both areas. In the
Southeastern Netherlands, we only found a higher proportion of patients with a
metastatic disease in the lower socioeconomic groups for breast cancer and in the
higher socioeconomic groups for stomach cancer. In the South Thames area, only
for breast and prostate cancer we found a higher percentage of patients diagnosed
with an advanced disease in the lower socioeconomic groups as compared with the
higher socioeconomic groups. Stage has also been studied in conjunction with
survival and it proved to explain most of the variation in survival by SES for breast
and stomach cancer in the Southeastern Netherlands. In the South Thames area
stage explained part of the association between deprivation and survival for older
women (65-99 years) with breast cancer, but had no effect for younger women (30-
64 years) with breast cancer or for patients with cancer of the prostate. It seems
Iikely that there was misclassification of stage in the South Thames area in the
1980s, which might have been caused by understaging.

The third possible explanation of socioeconomic variation in cancer survival
which was studied is treatment. We investigated whether differences in treatment
by SES exist, even in couniries like the Netherlands and England, where access to
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and use of health care services is assumed to be equal for every citizen. In both
areas, we observed no clear difference in type of treatment by SES in any of the
cancers studied. However, treatment was studied in broad categories, and a more
detailed analysis of for example the quality of cancer treatment might have shown
differences by SES (see also 7.2.3).

Finally, the association between SES and some host factors (co-morbidity and
life events) was studied in the Southeastern Netherlands. A larger number of co-
morbid conditions at diagnosis for patients from lower socioeconomic groups was
found as compared to those from higher socioeconomic groups, and furthermore
low SES patients reported a larger number of life events. Unfortunately, co-
morbidity and life events could not be studied in conjunction with survival and
therefore the results on these factors are only indicative of their possible impact on
socioeconomic variation in cancer survival,

In summary, these studies suggest that both stage and factors related to host
resistance (co-morbidity and life events) explain part of the socioeconomic variation
in cancer survival. However, stage was only an explanatory factor of
socioecenomic variation in survival from breast and stomach cancer in the South-
eastern Netherlands. In the South Thames area, stage of disease at diagnosis did
not explain the survival differences by deprivation category. Furthermore, the
effect of co-morbidity and life events on survival could not be studied.

The third aim of this thesis was to compare the sociocconomic gradient in
survival for the 3 most common cancers (lung, breast, colorectum) in the two study
areas: the Southeastern Netherlands and the South Thames area. Socioeconomic
variation in survival from lung and colorectal cancer was similar in both areas,
whereas for breast cancer, variation in survival by SES was larger in the South
Thames area than in the Southeastern Netherlands. The impact of stage of disease
at diagnosis on socioeconcmic variation in survival was also studied for the 3
cancers in both areas. In multivariate analyses, adjustment for stage only dimin-
ished the socioeconomic gradient in breast cancer survival in the Southeastern
Netherlands, while stage had no effect in either breast cancer in the South Thames
area or in lung and colorectal cancer in both areas. The absence of an effect of
stage in the South Thames area could be caused by misclassification of stage,

7.2 Methodological issues
7.2.1 Data sources

Population based cancer regisiries are the major data sources for the studies
described in this thesis. Criteria of quality of cancer registry data, such as validity
and compieteness, need to be met before these data can be used in a population
based study. As discussed in chapter 3, the percentage of cancer registrations
confirmed by histology (HV %) is a clear indicator of validity and this percentage is
substantially lower for data from the Thames Cancer Registry as compared to the
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Eindhoven Cancer Registry, for each of the studied cancers. This finding has
implications for the overall survival rates calculated with data from Thames Cancer
Registry, In general, survival of cases for which histological evidence is not
available is tower than survival of cases for which it is available (results now
shown). It seems however, that our study-results on survival by level of deprivation
have not been biased, as the HV % did not vary systematically between deprivation
categories,

The percentage of cases registered on the basis of a death certificate only
(DCO-cases), is another indicator of validity, which was evaluated for the Thames
Cancer Registry. In general this percentage was rather high for this registry, but
again the comparison of survival between deprivation categories was not biased.
Although survival for DCO-cases is lower than survival for other cases, the
percentage of DCO-cases did not differ systematically by deprivation category,
except for cancers of the lung and breast. The effect of variation in the DCO% by
deprivation on the association between deprivation and survival for these cancers
was found to be very smalt (see 5.2).

In the Netherlands, due to strict interpretation of privacy regulations by the Centrat
Bureau of Statistics, death certificates cannot be used as an additional source of
notification of cancer cases and therefore the DCO% cannot be calculated. We
have no reason to assume however, that for this one indicator of quality of registry
data the Eindhoven Cancer Registry would show bad results, while for other
indicators of validity and completeness the results are good, such as for the HV%
and the mortality/incidence ratio. This ratio is an indirect measure of completeness
of cancer registration (see chapter 3) and our evaluation of completeness of
registration in chapter 3 was reassuring, especially as recent estimates of complete-
ness were high in both study areas.

We conclude, that both the relatively low HV% and the relatively high DCO% for
data from the Thames Cancer Registry are an issue of concern. However, as
discussed above, it is very unlikely that our main resuits have been biased, as we
did not observe an unequal distribution of these indicators of validity across
deprivation categories.

7.2.2 Measures of socioeconomic status

In an ecological study the unit of analysis is a group of individuals. The studies
reported in this thesis are not strictly ecologic but rather mixed-ecological, which
means that the measure of SES is area-based, while information on outcome
(cancer survival) and prognostic factors is based on individual data.! Information on
the SES of individual patients was not available from the Eindhoven Cancer
Registry. Occupation and social class of cancer patients were known from the
records of Thames Cancer Registry, but only for about & third of all patients, with
even a lower percentage for women, We thercfore did not use these measures in
our survival analyses.
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Theoretically, the area-based measures of SES employed in these studies may
be looked upon in two ways. Firstly, they can be seen as proxy measures of the
SES of individual cancer patients, who are assigned to a socioeconomic category
according to their postcode of residence at time of diagnosis.

An important problem related to this type of analysis is known as the ’ecological
fallacy’ and results from making a causal inference about individual phenomena on
the basis of observations of groups.? 'The resuits of our validation studies in chapter
3 imply that the association between SES at the individual level and cancer survival
may be somewhat underestimated if an area-based measure of SES is used.
Secondly, the arca-based measures of SES can be seen as characteristics of SES at
the aggregate level, without any intention to interpret them as individual level
socioeconomic indicators. Segregation of individuals into small areas which vary in
sociceconomic level, is an important feature of social stratification. Various studies
have shown that the sociceconomic level of a small area has health effects over and
above those of the SES of an individual >*

Both the individual level effect and the area level effect give insight into the type of
policy measures that could be taken to reduce socioeconomic inequalities both in
general health and in cancer survival. Except for policy measures aimed at groups
of people identifiable through a common facior, such as a low educational level,
policy measures may aim at a reduction of socioeconomic variation in cancer
survival at the small-area level. From this perspective, an important strength of
area-based analyses is that people can also be identified and approached for e.g.
health education at the neighbourhood level. Furthermore, extra resources {(e.g.
health services with good access) may be provided for the inhabitants of specific
small areas.

7.2.3 Prognostic factors

Stage of disease at diagnosis

With a few exceptions, we found no differences between socioeconomic groups in
the distribution of stage of disease at diagnosis. Other studies have reported a
clearer association between SES and stage, with more advanced stages in the lower
socioeconomic groups in for example breast cancer®’, colorectal cancer®® and
cancer of the prostate.'

We considered the possibility that the information on stage from the Eindhoven
Cancer Registry was (partly) invalid. Data on stage from this registry were
registered according to the TNM classification’! and are based on pathological
evidence supplemented with clinical data for a small percentage of patients. The
TNM data were used to construct somewhat broader categories of stage than those
in the TNM system (local, regional, distant, unknown), as this lowered the number
of patients in the category "stage unknown," We also studied the distribution of
stage categories according to the TNM classification across sociceconomic groups
and this yielded similar results.
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Another, more plausible explanation for our findings on small sociceconomic
variation in stage distribution might be that the health care system is reasonably
accessible for everyone in the Southeastern Netherlands (see also chapter 4). As we
reported in the introduction, only small socioeconomic inequalities in the utilization
of health care services seem to exist in the Netherlands.!?

In the South Thames area, the main staging system is not based on the TNM
classification. The simplified staging system, based on pathology reports, operation
notes and other information, distinghuished the same stage categories as in the
Southeastern Netherlands (local, regional, distant, unknown). The prognostic
significance of this variable has been found to be similar to stage according to the
TNM classification in breast cancer (Luiz J-M, personal communication), It seems
likely however, that there is understaging in this area, which might even be
differential by level of deprivation. This would be the case if different diagnostic
techniques would have been applied fo the variocus sociceconomic groups. Unfortu-
nately, this assumption could not be tested with cancer registry data. The evidence
on sociceconomic inequalities in the access to the health care system is even more
limited in England, but there might well be differences in access between
socioeconomic groups as is also suggested by the large inequalities in cancer
survival that we found in the South Thames area {chapter 5).

Treatment

We could only study broad categories of fype of treatment to test the hypothesis
that patients from different sociceconomic groups are treated unequally, given the
biological features of their disease. We found no effect of treatment on the associ-
ation between SES and survival, which is in agreement with the results from other
studies. >

We considered the possibility that an analysis of more detailed treatment informa-
tion might have yielded clearer results on the association between SES and treat-
ment. An example of a more detailed analysis is our study of the association
between SES and the type of surgery (radical mastectomy versus breast conserving)
given to breast cancer patients in the Southeastern Netherlands. We found no clear
variation in type of breast surgery by SES (results not shown), which is nof in
agreement with the results from others who found a higher frequency of mastecto-
my in less educated women."

Other factors

The results of our studies suggest that other factors than those included in our
analyses, explain (part of) the socioeconomic variation in cancer survival. For most
cancers in both areas, adjustment for stage, histological type of the tumour, and
treatment did not substantially reduce the socioeconomic gradient in survival.

Other possible explanatory factors of socioeconomic variation in cancer survival are
not routinely registered and therefore they could not be included in the study.
Examples are host factors such as nutritional status, psychological well-being,
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social support, immune response, tumour-aggressiveness, and co-morbidity. Some
of the most important prognostic factors could be studied however, such as stage of
disease at diagnosis, while others such as co-morbidity and adverse life events were
noi directly available to include in the survival analyses but these could be studied
in separate analyses.

7.2.4 Outcome

Survival time, calculated as the time between the date of diagnosis and either the
date of death or the end of follow-up, is a very solid measure of outcome. How-
ever, the possibility of lead-time bias should also be considered in this study. Lead-
time is the time which is added to the survival time of a patient, due to an earlier
diagnosis, without improvement of the prognosis. Lead-time might be longer in
patients from higher sociocconomic groups, through a shorter delay in these
patients, than for patients from lower socioeconomic groups. These differences in
delay may result in a longer survival in the higher socioeconomic groups which is
an artefact as it does not reflect a true survival advantage.

By adjustment for stage, some of the variation in lead-time might be taken into
account, as a shorter delay in general results in a less advanced stage at diagnosis.
However, residual confounding by stage, and therefore lead-time, may still explain
part of the variation in survival by SES, because stage was classified in rather
broad categories. For most cancers, we did not find a substantially larger differ-
ence in survival by SES in the first period of follow-up than in the second period
(results not shown). This suggests that lead-time is probably not a substantial
problem in our studies, as the effect of lead-time is largest in the first period of
follow-up, in which the mortality is generally higher than in the second period of
follow-up.

7.3 Policy measures

Sociceconomic inequalities in cancer mortality are the end result of two indepen-
dent forces: socioeconomic variation in cancer incidence and cancer survival. From
our own results and from the review of earlier studies on socioeconomic varjation
in cancer survival {chapter 2) we conclude that socioeconomic variation in cancer
mortality seems to be mainly caused by socioeconomic variation in cancer inci-
dence. This has important implications for the type of health policy measures that
should be taken to reduce sociogconomic inequalities in cancer mortality.  Such
policy measures shouid primarily focus on risk factors and aim at primary preven-
tion of cancer. However, our knowledge on cancer risk factors amenable to
successful intervention with lasting effects is limited. One exception is smoking as
the major determinant of lung cancer which is also more common in the lower
socioeconomic groups.'® However, measures taken so far to try to spread the
message on the adverse health effects of smoking only had limited success, and in
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the age group 15-19 in the Netherlands, the prevalence of smoking seems to have
increased since 1991.7

Another example is breast cancer, in which little can be done to change the
distribution of known risk factors such as nulliparity, late age at first birth and late
age at menopause’® across socioeconomic groups.

Although sociceconomic varjation in cancer survival is smaller than
socioeconomic variation in cancer incidence, it is an important study target as it
shows potential for reducing sociceconomic inequalities in cancer mortality, Apart
from a description of the association between SES and cancer survival, studies of
the impact of possible explanatory factors on this association could result in
concrete targets for policy measures,

The prognostic factors that we found to be of importance in explain'mg

socioeconomic variation in cancer survival are stage of disease at diagnosis and,
indirectly, co-morbidity and life events. In order to change the distribution of these
factors between socioeconomic groups it is important to identify the underlying
causes of socioeconomic variation in these prognostic factors which might be
amenable to intervention.
We found more advanced stages for some of the cancers in the lower socioeco-
nomic groups of patients, Such socioeconomic variation in stage of disease at
diagnosis is most likely caused by variation in patients’ delay which can be the
resuit of socioeconomic differences in knowledge about health in general or about
cancer symptoms. Health policy should be aimed at more and better heaith
education for people with a low socioeconomic background, both in general, as
well as regarding cancer symptoms more specifically. This might resuit in a shorter
delay and therefore in earlier detection of cancer in these patient groups. A
tendency to delay may also be caused by a difference in attitude towards health and
health care between socioeconomic groups.'®® This shows the importance of
keeping up the good general access to the health care system, both at the level of
general practitioner and specialized care. Furthermore, doctors’ delay could be a
possible deterinant of socioeconomic variation in stage distribution, which implies
that more rapid referral of cancer patients by general practitioners to specialists
should become common practice, given a good general access to diagnostic
services.

We found more co-morbidity and adverse life events among cancer cases with
a low SES than among those with a high SES. These prognostic factors could be
indicators of a persons’ host resistance and are refated to factors and circumstances
embedded in everyday life, which are in return strongly determined by a relatively
low income. In fact, this implies that policy measures should not be restricted to
one particular area but that they should involve improvement of housing conditions,
neighbourhoods, social networks, income ete.

In the introduction, determinants of health were subdivided into those that are
leading to either unjust, unavoidable, or acceptable inequalities in health. The
prognostic factors which were identified in this thesis to be of importance in
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causing socioeconomic variation in cancer survival may at least partly be con-
sidered as unjust. Especially socioeconomic variation in stage distribution can be
seen as unacceptable, if this is caused by differences in knowledge between
different socioeconomic groups. The other factors which were identified to be of
possible prognostic importance, co-morbidity and life events, are also largely
determined by factors which are beyond the control of the individual and by
conditions of choice, and these should also be the subject of health policy
measures. !

7.4 Recommendations for future studies

Population based cancer registries have a potential advantage as compared with
other data sources for studies on SES and cancer. Data from such registries may be
assumed to give a complete picture of the occurrence of and survival from cancer
in a specific geographic area. Unfortunately, until now, only a few cancer regis-
tries have gathered data on the SES of cancer patients. Routine registration of SES
should become common practice in hospitals, so that cancer regisiries could add
this item to their minimum data set. In terms of research, adoption of information
on education of cancer patients in the database of cancer registries, would enable
monitoring trends in the incidence of and survival from cancer by SES. This would
be an important tool to register effects of, and study implications for policy
measures in the area of primary or secondary prevention of cancer. Population data
on the number of people by age, sex and socioeconomic category are needed
however to calculate both socioeconomic variation in incidence and mortality. In
the Netherlands, such population data could be extrapolated from surveys, and in
Great Britain, they are available through the census.

We have identified a number of prognostic factors which are of importance in
causing socioeconomic variation in cancer survival. We recommend that the
distribution of such factors as stage of disease at diagnosis and its possible determi-
nants across socioeconomic groups are studied in more detail. One of these
determinants is delay, which has been found to be longer in cancer patients from
lower socioeconomic groups as compared to patients from higher socioeconomic
groups,’*? but little is known about the factors causing a longer delay in low SES
patients. Especially insights into the underlying determinants of socioeconomic
variation in delay are necessary to accomplish progress in the study of sociceco-
nomic variation in cancer patient survival,

The studies reporied in this thesis have shown that socioeconomic variation in
cancer survival cannot completely be explained by the prognostic factors which are
relatively easily available from cancer registry records. Future studies should aiso
focus on other possible determinants of socioeconomic variation in cancer patient
survival, e.g. tumour agressiveness, social support and nutritional status (see
7.2.3). Other study designs are necessary to investigate socioeconomic variation in
survival and its possible determinants, such as prospective cohort studies in which
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extra data are gathered on prognostic factors, besides using data from cancer
registry records. Furthermore, studies on cancer {survival) that are not directly
designed to study socioeconomic variation should also routinely gather information
on the SES of cancer patients. This could yield new insights into the impact of
prognostic factors on socioeconomic variation in cancer survival.
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Summary

Socioeconomic inequalities in health are systematic differences in the prevalence or
incidence of health problems between people of higher and lower socioeconomic
status (SES). The most important indicators of SES are occupational status,
educational level and income. In general, people with a low socioeconomic status
have more health problems than people with a high sociceconomic status. One of
the health measures for which socioeconomic inegualities have been described is
cancer survival.

In this thesis, results of studies on the association between socioeconomic
status and survival from the most common cancers in the Southeastern Netherlands
and the area covered by the South Thames Regional Health Authority (RHA) in
Great Brifain was studied. The aim of both studies was to describe and explain
socioeconomic variation in survival, With respect to the latter, the distribution of a
number of prognostic factors across socioeconomic groups was studied as well as
the impact of such factors on socioeconomic variation in cancer survival. These
prognostic factors are: stage of disease at diagnosis, histological type of a tumour
and treatment for both areas, and co-morbidity and life cvents for the Southeastern
Netherlands only.

Chapter two contains a review of earlier studies on cancer survival by
socioeconomic status in seven countries and for six common cancer sites, which are:
colon, rectum, lung, prostate, breast, and cervix. The results of these studies showed
that cancer patients with a relatively high socioeconomic status had better survival
than patients with a relatively low socioeconomic status for cancers of the colon,
rectum, breast, and cervix, while for cancers of the lung and prostate, results were
unclear. Furthermore, these studies showed that in general, socioeconomic differ-
ences in cancer survival are small, and therefore their contribution to socioeconomic
differences in cancer mortality is probably small too.

In chapter 3, the patients and methods employed in the cancer survival studies

are described. Socioeconomic variation in cancer survival in both areas was studied
with data from two population based cancer registries: the Eindhoven Cancer
Registry in the Southeastern Netherlands and Thames Cancer Registry in Southeast
England.
In both studies, patients diagnosed in the decade 1980-1989, with either a tumour of
the lung, breast, colorectum, prostate or stomach, were included in the study. The
number of patients from the South Thames area was much larger and therefore also
less frequent cancers could be studied, which are: bladder, pancreas, ovary, uterus,
and cervix. In the Southeastern Netherlands, patients were classified by
socioeconomic status based on their postcode of residence at time of diagnosis (3 or
5 categories), In the South Thames area, a score on the Carstairs Index, belonging
to the corresponding census enumeration district of residence, was used to assign
each patient to one of five deprivation categories. The measures of ocutcome were
the same in both studies: to correct for deaths due to causes other than the cancer
under study, the relative survival rate was used as the measure of outcome in the
univariate analyses, and the hazard ratio in the multivariate analyses.

In chapter 4 the results of the studies on sociocconomic variation in cancer
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survival in the Southeastern Netherlands are reported. A lower survival was found
among patients with a low socioeconomic status for cancers of the lung, breast,
colorectum and prostate, while for stomach cancer, survival was lower for patients
with a high socioeconomic status. The results for cancers of the prostate and
stomach need to be interpreted with caution, as these were based on relatively small
numbers of patients.

For cancers of the lung, colorectum, and prostate, socioeconomic variation in
survival could not be explained by the distribution of the prognostic factors stage,
histology, and treatment. For breast and stomach cancer, socioeconomic variation in
survival could mainly be ascribed to socioeconomic differences in the number of
patients diagnosed with a metastatic disease. An advanced disease was more
common among lower socioeconomic groups of breast cancer patients and higher
socioeconomic groups of stomach cancer patients.

The association between sociceconomic status and co-morbidity and life events

was studied for prevalent cancer cases who had reported cancer in a postal survey.
In a separate study, the respondent’s answer to the survey question on cancer had
been validated against records from the Eindhoven Cancer Registry. This validation
study showed that the survey underestimated cancer prevalence in the population by
25%. However, after the exclusion of nonmelanoma skin cancer, cancer prevalence
was overestimated by a negligible 2%. Misclassification of cancer by the postal
survey was differential according to age, sex, education, and urbanization, and this
did not change after the exclusion of nonmelanoma skin cancer.
Among prevalent cases of cancer, identified through the postal survey, those with a
low socioeconomic status reported more ofien at least one adverse life event during
the year preceding the survey, while no association was found between socioecono-
mic status and co-morbidity. Socioeconomic variation in co-morbidity was also
studied among patients diagnosed in 1993 with one the five most common cancers
and registered by the Eindhoven Cancer Registry. We found that for the five sites
combined, patients from lower socioeconomic groups were more often diagnosed
with a least one other chronic condition than patients with a high socioeconomic
status. This pattern was also found among patients with breast cancer, and to a
lesser degree in cancers of the lung and colorectum,

The association between deprivation and cancer survival in the South Thames
area is described in chapter 5. For breast cancer, we found a clear gradient in
survival by deprivation, with better survival for women from more affluent areas. In
younger women (30-64 years) the survival gradient by deprivation could not be
explained by the prognostic factors stage, morphology and treatment, while for
older women (65-99 years), part of the variation in survival by deprivation was due
to a higher percentage of deprived women with an advanced disease.

For most other cancers a lower survival was found among deprived patients: lung,
colorectum, prostate, bladder, uterus, and cervix. For these cancers, stage of discase
at diagnosis did not explain the survival differences by deprivation category.
Furthermore, the histological type of a tumour and treatment could not explain
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variation in survival by deprivation category.
For cancers of the stomach, pancreas and ovary, no statistically significant variation
in survival by deprivation category was found.

In chapter 6, the association between sociocconomic status and survival from
the three most common cancers (lung, breast, colorectum) was compared for both
areas, using the same methods as in the earlier chapters, Both univariate and
multivariate analyses showed that the gradient in survival by socioeconomic status
was similar in patients from both areas for cancers of the luag and colorectum,
while the socioeconomic gradient in breast cancer survival was much steeper in the
South Thames area than in the Southeastern Netherlands. We found no clear
association between socioeconomic status and stage of discase at diagnosis, except
for breast cancer. In both arcas, breast cancer patients with a low socioeconomic
status were more often diagnosed with an advanced disease than patients with a
high socioeconomic status. However, in a multivariate analysis, stage did not
explain socieeconomic variation in survival for South Thames patients, while it did
for patients from the Southeastern Netherlands. The absence of an effect of stage in
the South Thames area could be caused by misclassification,

Socioeconomic inequalities in cancer mortality seem to be mainly caused by

socioeconomic inequalities in cancer incidence. However, the potential of reducing
socioeconomic inequalities in cancer incidence by targeting risk factors is limited.
Reducing socioeconomic inequalities in cancer survival shows potential for reducing
sociceconomic inequalities in cancer mortality.
We identified a number of prognostic factors which explain part of the
socioeconomic gradient in cancer survival: stage of disease at diagnosis, co-morbid-
ity, and life events, Future studies should focus on the underlying determinants of
socioeconomic variation in these prognostic factors, such as delay as a determinant
of late stage at diagnosis. Furthermore, other possible deferminants of
socioeconomic variation in cancer survival should be studied, such as tumour
aggressiveness, social support and nutritional status.



Samenvatting

Sociaaleconomische verschillen in gezondheid zijn systematische verschillen in de
prevalentic en incidentie van gezondheidsproblemen tussen mensen met een relatief
hoge en mensen met een relatief lage sociaaleconomische status (SES). De belang-
rijkste indicatoren van SES zijn beroep, opleiding en inkomen. Mensen met een
tage SES hebben over het algemeen een slechtere gezondheid dan mensen met een
hoge SES. Eén van de gezondheidsmaten waarvoor sociaaleconomische verschillen
zijn beschreven is kankeroverleving.

Dit proefschrift bevat de resultaten van een studie naar het verband tussen SES
en kankeroverleving voor de meest voorkomende vormen van kanker in Zuidoost
Nederland, Daarnaast is het verband tussen SES en kankeroverleving voor de meest
voorkomende kankers bestudeerd voor pati¥nten uit het gebied ten Zuiden van de
rivier de Thames in Zuidoost Engeland. Voor beide gebieden is het verband tussen
SES en overleving beschreven en zijn verklaringen voor overlevingsverschillen naar
SES bestudeerd. Hiertoe is allereerst de verdeling van een aantal prognostische
factoren over sociaaleconomische groepen bestudeerd en daarna is de invloed van
deze factoren op sociaaleconomische verschillen in overfeving bepaald. De volgende
prognostische factoren werden in beide gebieden bestudeerd: stadium bij diagnose,
histologisch type van de tumor en behandeling. Verder werden co-morbiditeit en
life events ook perelateerd aan de SES van kankerpatinten in Zuidoost Nederland.

Hoofdstuk 2 bevat een overzicht van de resultaten van eerdere studies naar het
verband tussen SES en kankeroverleving in zeven landen en voor zes veel voorko-
mende kankers, namelijk colon, rectum, long, prostaat, borst en cervix. Deze studies
laten zien dat kankerpatiénten met cen relatieve hoge SES ecen betere prognose
hebben dan patiénten met een relatief lage SES. Dit geldt voor colon-, rectum-,
borst- en cervix- kanker, terwijl de resultaten voor long- en prostaatkanker onduide-
lijk waren. Uit deze studies bleek dat sociaaleconomische verschillen in kankerover-
feving over het algemeen kiein zijn en dat hun bijdrage aan sociaaleconomische
verschillen in kankersterfle waarschijnlijk ook klein is,

Hoofdstuk 3 bevat een beschrijving van de patiénten en methoden die in de
overlevingsstudies zijn gebruikt. Voor de studie van sociaaleconomische verschillen
in kankeroverleving werden in beide gebieden data gebruikt van een zogenaamde
population based kankerregistratic: de IKZ kankerregisiratie in Eindhoven, Zuidoost
Nederland en de Thames Cancer Registry in Londen, Zuidoost Engeland,

In beide studies werden patiénten opgenomen die tussen 1980 en 1989 werden
gediagnostiseerd met één van de volgende kankers: long, borst, colorectum, prostaat
en maag. Het aantal pati#nten in de Thames registratie was veel hoger en daardoor
konden ook de minder frequente kankers in de Engelse studie worden opgenomen,
namelijk blaas, pancreas, ovarium, uterus en cervix.

In Zuidoost Nederland werden patiénten ingedeeld in een aantal SES groepen (3 of
5 groepen} op basis van de postcode van de woonplaats ten fijde van diagnose. In
de Engelse studie vormde een score op de Carstairs Index, die materiéle deprivatie
meet, uitgangspunt om patiénten in te delen in 5 groepen. Dit gebeurde op basis van
de woonplaats van patiénten ten tijde van de census van 1980.

De uitkomstmaten waren hetzelfde in beide studies: om te corrigeren voor sterfie
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aan andere doodsoorzaken dan de betreffende kanker werden de relatieve overleving
respectievelijk de hazard ratio gebruikt als vitkomstmaat in de univariate respectie-
velijk multivariate analyses.

In hoofdstuk 4 worden de resultaten beschreven van de studies naar sociaal-

economische verschillen in kankeroverleving in Zuidoost Nederland. Voor een
aantal kankers werd een lagere overleving gevonden voor patiénten met cen lage
SES, namelijk long, borst, colorectum en prostaat. Voor maagkanker werd ecen
betere overleving gevonden bij patignten met een lage SES. De resultaten voor
prostaat en maagkanker dienen met de nodige voorzichtigheid te worden geinterpre-
teerd, omdat ze gebaseerd zijn op relatief kleine aantallen patiénten,
Voor een aantal kankers (long, colorectum, prostaat) konden sociaaleconomische
verschillen in overleving niet worden verkiaard door verschillen in de verdeling van
de prognostische factoren stadium, histologie en behandeling over SES groepen.
Voor borst- en maagkanker konden sociaaleconomische verschillen in overleving
met name worden toegeschreven aan sociaaleconomische verschillen in het percen-
tage patiénten dat werd gediagnostiseerd met een metastase op afstand. Een
metastase op afstand kwam vaker voor bij borstkanker patignten met een lage SES
en bij maagkanker patiénten met een hoge SES,

Het verband tussen SES en co-morbiditeit en life events werd bestudeerd bij
prevalente kankerpatiénten die kanker hadden gerapporteerd in een postenguéte, Het
antwoord op de enquétevraag naar het voorkomen van kanker werd in een afzonder-
lijke studie gevalideerd. Hiertoe werd gebruik gemaakt van gegevens van de IKZ
kankerregistratie. Uit deze valideringsstudie bleck dat de prevalentic van kanker met
25% werd onderschat middels de postenquéte. Na uiisluiting van pati€nten met
nonmelanoma huidkanker werd de prevalentie van kanker met slechts 2% overschat
middels de postenquéte. De misclassificatie van kanker middels de postenquéte was
differentieel naar leeflijd, geslacht, opleiding en urbanisatiegraad en deze patronen
veranderden niet na uitsluiting van nonmelanoma huidkanker,

Life events werden gerapporteerd door prevalente kankerpatignten, die eerder waren
geidentificeerd middels een postenquéte. Hieruit bleek dat patiénten met een lage
SES vaker minimaal één negatieve life event gedurende het jaar voorafgaand aan de
enquéte rapporteren dan patiénten met een hoge SES. In deze patiénten groep werd
geen verband gevonden tussen SES en co-morbiditeit,

Co-morbiditeit werd ook besfudeerd bij patiénten die in 1993 werden gediagnosti-
seerd met één van de vijf meest voorkomende kankers in Zuidoost Nederland. Bij
patiénten met cen lage SES werd vaker minimaal één andere chronische aandoening
gevonden ten tijde van de kanker diagnose dan bij patigénten met een hoge SES. Dit
gold zowel voor alle kankers samen als voor borstkanker en in mindere mate ook
voor long- en dikke darm- kanker. :

In hoofstuk 5 wordt het verband tussen deprivatie en kankeroverleving in het
Zuid Thames gebied beschreven. Dit verband was duidelijk aanwezig voor borstkan-
ker, met een betere overleving voor vrouwen met een hoge SES. Het verband tussen
deprivatie en overleving kon niet worden verklaard door de prognostische factoren
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stadium, morfologie en behandeling bij vrouwen tussen de 30 en 64 jaar. Bij
vrouwen tussen de 65 en 99 jaar kon een deel van de variatie in overleving naar
deprivatie worden verklaard uit het hogere percentage vrouwen met een metastase
op afstand onder vrouwen met een relatief lage SES,

Voor de meeste andere kankers werd ook een lagere overleving gevonden onder
patiénten uit de lage SES grocpen: long, colorectum, prostaat, blaas, uterus cn
cervix. Noch stadium bij diagnose, nach de prognostische factoren behandeling en
histologie, droegen veel bij aan de verklaring van de gevonden overlevingsverschil-
len.

Voor een aantal kankers werd geen statistisch significant verschil in overleving naar
deprivatie gevonden en wel voor maag-, pancreas- en ovariumkanker,

In hoofstuk 6 is een vergelijking gemaakt van het verband tussen SES en de
overleving voor de drie meest voorkomende kankers (long, borst, colorectum} in
beide onderzocksgebieden. Hierbij werden dezelfde methoden gebruikt als in de
hoofdstukken 4 en 5. Zowel de univariate als de multivariate analyses lieten zien
dat de sociaaleconomische gradiént in overleving voor long- en colorectale- kanker
vergelijkbaar was in beide gebieden. De gradiént in borstkanker overleving naar
SES was veel sterker in het Zuid Thames gebied dan in Zuidoost Nederland. Er
werd geen duidelijk verband gevonden tussen SES en stadium bij diagnose, behalve
voor borstkanker. In beide gebieden werd vaker een metastase op afstand gevonden
bij patiénten met een lage SES dan bij patiénten met een hoge SES. In de multiva-
riate analyses droeg stadium alleen bij aan de verklaring van seciaaleconomische
verschillen in overleving voor borstkankerpatignien uit Zuidoost Nederland., Een
gebrek aan effect van stadium in het Zuid Thames gebied werd mogelijk veroor-
zaakt door misclassificatie van stadium.

Sociaaleconomische verschillen in kankersterfte lijken vooral veroorzaakt te
worden door sociaaleconomische verschillen in kankerincidentie. Echter, de
mogelijkheden om sociaaleconomische verschillen in kankerincidentie te verkleinen
middeis de beinvloeding van risicofactoren zijn beperkt, Het verkleinen van sociaai-
economische verschillen in kankeroverleving biedt mogelijkheden met het oog op
het verkleinen van sociaaleconomische verschillen in kankersterfle. Uit de studies in
dit proefschrift kwamen.een aantal prognostische factoren naar voren die een deel
van de sociaaleconomische gradiént in kankeroverleving verklaren: stadium bij
diagnose, co-morbiditeit en life events. Toekomstige studies zouden zich moeten
richten op de determinanten van sociaaleconomische verschiflen in deze prognosti-
sche factoren, zoals b.v, delay als determinant van een vergevorderd stadium bij
diagnose, Verder is het belangrijk om andere potentiéle determinanten van sociaal-
economische verschillen in kankeroverleving te bestuderen, zoals de agressiviteit
van een tumor, sociale steun en de voedingstoestand van kankerpatinten.
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Voor dit onderzoek werd gebruik gemaakt van gegevens van het Integraal
Kankercentrum Zuid (IKZ) in Eindhoven. Het IKZ werkt aan integrale zorg voor
mensen met kanker en ondersteunt hulpverleners die daarbij betrokken zijn in
ziekenhuizen en in de thuiszorg in het gebied Noord-Brabant en Noord-Limburg.

Eén van de activiteiten van het IKZ is de kankerregistratic, waarbij het gaat om het
verzamelen en bewerken van gegevens over alle vormen van kanker. Deze registratie
is in 1955 gestart in het oostelijk deel van de regio. Zij heeft inmiddels veel informatie
over kanker in Nederland voortgebracht, met name door onderzoek in samenwerking
met de Brasmus Universiteit Rotterdam, zoals het onderzoek beschreven in dit
proefschrift.

De gegevens die door de registratie-medewerkers worden verzameld, betreffen onder
andere demografische kenmerken van pati€nten, gebruikte diagnostiek, toegepaste
behandeling en follow-up. Clinici en wetenschappers gebruiken deze informatie voor
velerlei onderzoek. Hierdoor wordt bijvoorbeeld inzicht verkregen in het voorkomen
van kanker, de effecten van preventieve maatregelen en de benodigde toekomstige
voorzieningen.
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