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Abstract
Purpose Reasons for the social gradient in cancer survival are
not fully understood yet. Previous studies were often only able
to determine the socio-economic status of the patients from
the area they live in, not from their individual socio-economic
characteristics.
Methods In a multi-centre cohort study with 1633 cancer pa-
tients and 10-year follow-up, individual socio-economic posi-
tion was measured using the indicators: education, job grade,
job type, and equivalence income. The effect on survival was
measured for each indicator individually, adjusting for age,
gender, and medical characteristics. The mediating effect of
health behaviour (alcohol and tobacco consumption) was
analysed in separate models.
Results Patients without vocational training were at in-
creased risk of dying (rate ratio (RR) 1.5, 95% confi-
dence interval (CI) 1.1–2.2) compared to patients with

the highest vocational training; patients with blue collar
jobs were at increased risk (RR 1.2; 95% CI 1.0–1.5)
compared to patients with white collar jobs; income had
a gradual effect (RR for the lowest income compared to
highest was 2.7, 95% CI 1.9–3.8). Adding health behav-
iour to the models did not change the effect estimates
considerably. There was no evidence for an effect of
school education and job grade on cancer survival.
Conclusions Patients with higher income, better vocational
training, and white collar jobs survived longer, regardless of
disease stage at baseline and of tobacco and alcohol
consumption.
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Introduction

Disparities in cancer incidence and survival still exist in high-
income countries. The Multinational Association of
Supportive Care in Cancer (MASCC) Education Study
Group therefore has recently published a call for further re-
search and action in this area [1].

One challenge of understanding the relationship of socio-
economic position (SEP) and cancer survival is that many
studies investigating this relationship have been conducted
with area level data [2]. This approach means that researchers
determine patients’ SEP not by their individual characteristics,
but by socio-economic indicators of the area they live in.
Individual level studies, in contrast, ascertain the SEP of each
patient from individual characteristics.

The area level approach is used far more often because area
information is frequently the only information possible to ob-
tain from cancer registry data. Such area level comparisons are
important to understand context-based factors driving the so-
cial gradient in health [3]. However, area SEP is not simply a
proxy for individual SEP; using aggregated indicators may
introduce an ecological bias because the area level SEP may
not correspond with the patient’s individual SEP [4, 5].

Individual level studies can examine the effects of individ-
ual SEP on health in more detail and without ecological bias.
They also enable the investigation of the different SEP as-
pects—education, income, and job separately [6], which is
crucial to better understand their individual role in driving
the social gradient in health. While they are correlated with
each other, they represent different phenomena and affect dif-
ferent causal mechanisms between SEP and health [7, 8].

Evidence from area [9–13] and individual [8, 14, 15] level
studies suggests that low SEP is associated with poor survival
in a variety of cancers. Moreover, socio-economic inequalities
in survival have been widening for many adult cancers [10,
16–19]. Gains in survival due to progress in medicine are less
marked among the more deprived than among the more afflu-
ent groups [10]. The causal mechanisms for this social gradi-
ent are not yet entirely understood [2, 20, 21]. One explanation
is that clinical factors such as stage at diagnosis and treatment
are associated with SEP. Indeed, socially deprived patients
more often present with advanced disease [2]. However, stud-
ies have found that stage at diagnosis explains part but not all
of the deprivation gap in breast [16, 22], lung [9, 23], oral [9],
laryngeal [24], and colorectal [9] cancer survival. There is also
evidence that patients with low income receive different treat-
ment compared to more affluent patients [19, 23, 25, 26].

A second explanation is that the patient’s health behaviour
differs according to SEP [27]. Such behaviour does not only
include smoking, alcohol consumption, exercise, and diet, but
also the time patients wait before they see a doctor. Delays in
access to health care occurmore frequently in patients with lower
SEP, resulting in the fact that they present with more advanced

disease [2, 17, 25, 28, 29]. A recent review [2] also showed that
patient with good social support has better survival.

In summary, evidence suggests that low SEP is associated
with poor survival in cancer patients, but the role of the dif-
ferent SEP factors is still unclear because studies with individ-
ual patient SEP data are sparse. With the present study, we
ascertained the different SEP factors in a large group of cancer
patients on an individual level in order to answer the question
as to which SEP factors—education, job grade, and income
drive the social gradient in cancer survival.

Methods

Enrolment

Over a period of 2 years, all patients admitted for diagnosis or
treatment of cancer to the Leipzig University Medical Centre,
to St. Elisabeth Hospital Leipzig, and to St. Georg Hospital
Leipzig, Germany, were eligible for this study. Exclusion
criteria were the following: age below 18 years and inability
to complete a questionnaire. After giving written informed
consent, the participants received a questionnaire to be com-
pleted on their first days in the hospital. Personal interviews
were conducted after completion of the questionnaires by
trained psychologists and study nurses to ascertain health be-
haviour with a structured interview (see below).

The study was approved by the institutional ethics commit-
tee of Leipzig University.

Ascertainment of survival

All patients treated in Leipzig for malignant diseases are doc-
umented in a regional Cancer Registry. The Registry docu-
ments stage at diagnosis, date of diagnosis, and the starting
date of treatment. It follows up every patient and documents
the date of death. For this purpose, information from local
census bureaus, health authorities, and from health care pro-
viders are collected and merged. In addition, data on date of
death are exchanged with other cancer registries within
Germany on a regular basis so that patients moving to other
areas can be followed up as well.

Ascertainment of socio-economic position

Education was assessed by the highest level of (a) academic
education and (b) vocational training. Academic education
was classified as compulsory (or below), post-compulsory,
and higher secondary school. When grouping the educational
degrees, we had to take into account that the education system
in Germany is (and was) not homogeneous. The participants
of our study grew up in the former German Democratic
Republic (eastern Germany), in the former Federal Republic

1392 Support Care Cancer (2017) 25:1391–1399



of Germany (western Germany), and in pre-war Germany, and
each had its own education system. Patients were considered
to have compulsory education or less if they had attended
6 years of schooling in pre-war Germany or 8 years in post-
war Germany. Depending on the federal state and the school
type attended, higher secondary school degrees are obtained
after 11 to 13 years. These degrees (called BAbitur^ or
BFachhochschulreife^) enable the students to attend universi-
ties. All degrees between these two types were considered
post-compulsory in our study. After school, vocational train-
ing is another important part of education in Germany. We
asked the patients whether they had completed no vocational
training, apprenticeship, higher vocational education, or voca-
tional college/university.

Job grade was defined by the patient’s position within a
certain job category. First, the patient reported the job category
(e.g., worker). Then the job grade according to this category
was enquired. For example, the grade levels for workers were
unskilled, skilled, and skilled with a leading position.

Whether patients had a white or blue collar job was docu-
mented, and this variable is called job type.

To ascertain the equivalence income, participants were
asked to indicate their net household income, i.e., the sum of
all incomes in the household minus taxes. They also reported
the number of persons living in their household and howmany
of them were under the age of 18 years. We then adopted the
OECD-modified equivalence scale [30], assigning each
household type a value in proportion to its needs.

All socio-economic variables were assessed according to
the guidelines of the German Rehabilitation Research
Association [31].

Covariates

The patient’s stage of disease at presentation was documented
by the medical team and reported to the Cancer Registry.
There, it was classified according to the Union Internationale
Contre le Cancer (UICC), 4th edition, by experienced data
managers specifically trained for this task.

Tumour site was documented according to the International
Classification of Diseases (ICD-10).

Cohabitation was defined from two items. Firstly, we
asked the patients whether they currently had a partner.
Secondly, the number of people in the household was
documented. If a patient neither had a partner nor lived
together with someone in the household, he or she was
classified as Blives alone^.

Alcohol, nicotine, and drug consumption were evaluated in
personal interviews by trained interviewers using the
Structured Clinical Interview (SCID) [32]. The interviewer
asked about the amount consumed with pre-defined questions
and the response options were open.

Statistical analysis

The outcome of interest was all-cause mortality. Survival time
was defined as the interval between the date of presentation
and the date of death or end of follow-up. Mortality rates were
computed by dividing the number of deaths by the sum of
person-years (py) at risk, per 100 py.

Univariate Poisson regression models were used to esti-
mate the crude rate ratio (RR) for dying in relation to SEP
categories with 95% confidence intervals (CI). To avoid du-
plication, the CIs are presented in the tables but not repeated in
the text.

In addition, rate differences (RD) and attributable fractions
(AF) were calculated.

Multivariable Poisson regression models estimated the RR
again, now adjusted for sex, age at diagnosis, UICC stage at
diagnosis, tumour site, and cohabitation. In order to assess
whether the association between SEP categories and survival
was modified by gender, tests of interaction were performed
using likelihood ratio tests comparing the fully adjusted model
with the same model with an interaction term. No such inter-
actions were found.

To understand the potential mediating effect of health be-
haviour, the regression models were repeated while adding
current tobacco and alcohol consumption to the set of
covariables. We did not enter health behaviour in the first
(main) model because we assumed it to be a factor on the
causal pathway. For example, a person may have little aca-
demic education which may result in poor knowledge about
the negative effects of smoking, hence this person may smoke
more than others and, consequently, the survival is worse.
Such mediating factors should not be used as a covariate in
regression models to avoid over-adjustment.

Finally, to understand the joint effects of the individual SEP
variables, they all were entered simultaneously into one re-
gression model. This final model was computed again sepa-
rately for the three largest disease groups in this study.

The statistical analyses were performed using STATA ver-
sion 12 (StataCorp, Texas, USA).

Results

Sample

A total of 2913 patients were admitted to the hospital during
the study duration. 147 (5%) of them were excluded because
they had recurrent disease and 85 (3%) because of a second
primary, leaving 2681 patients potentially eligible for this
study. Five hundred forty-nine (20%) of them were unable to
participate because of cognitive deficits (n = 60), physical
weakness (n = 130), mental health problems (n = 299),
organisational problems (n = 56), or because they died before
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the first contact (n = 4). Another 499 patients (19%) declined
participation. Hence, 1633 patients (77% of all eligible) were
enrolled into this study, contributing 11,926py together.

Survival

In total, 665 (41%) study participants died within follow-up.
The mortality rate was 5.6 per 100py (95% CI 5.2; 6.0).
Compared to the study participants, the mortality rate in
non-participants was somewhat higher, with 6.3 per 100py
(95% CI 5.8; 6.9).

The median follow-up time was 10 years (mean 7 years,
minimum 3 days, maximum 12 years).

Sample characteristics

Twenty six percent of the patients had a university or college
degree. Six percent had an equivalence income of less than
500 euros per month. The most frequent tumour sites were
breast (14%) and prostate (17%). In 12% of the cases, the
disease was metastatic (Table 1 for more details).

Health behaviour could be assessed in 624 patients. Of
them, 78 (13%) currently smoked, and 363 (58%) had ever
smoked. Fifty (8%) patients currently abused alcohol, and 276
(44%) had ever consumed alcohol in dangerous amounts.

Survival by socio-economic position

Death rates were higher in patients with post-compulsory and
compulsory school education compared to patients with col-
lege education (Table 2). Patients with compulsory school
education lived 2 years fewer than patients with higher sec-
ondary school education (RR 1.5). However, when we adjust-
ed for demographic and clinical characteristics, this effect de-
creased (Table 3).

The level of vocational training was associated with sur-
vival. Patients with the highest vocational training lived
4 years longer than patients without vocational training (AF
47%). After adjustment for demographic and clinical vari-
ables, the RR decreased slightly, but there was still evidence
for an effect of vocational training on survival. Compared to
patients with the highest vocational training, death rates were
higher in patients with apprenticeship (RR 1.2) and with no
vocational training (RR 1.5) (Table 3, Fig. 1). When health
behaviour was added to the model, the RRs did not change
considerably.

There was no evidence for an effect of job grade on sur-
vival (Tables 2 and 3).

Patients with blue-collar jobs had a 1.4 times increased risk
of dying compared to those with white-collar jobs (RD 1.9,
AF 28%). This effect did not disappear after adjustment for
confounders, but it decreased to 1.2. When we entered health
behaviour into the model, it remained at the same level.

The risk of dying in the lowest income group was more
than double compared to the highest income group (RR 2.5,
RD 5.1, AF 60%; see Table 2 for details). This effect did not
decrease after adjusting for age, sex, cohabitation, tumour site,
and stage of disease. It was still present when entering health
behaviour into the model (Table 3 and Fig. 1).

To estimate the independent contribution of the socio-
economic characteristics regarding the social gradient in sur-
vival, a joint regression model was built with all previously
separately tested SEP factors and all covariates combined. It
appeared that patients without vocational trainingwere at a 1.7
times increased risk of dying while adjusting for all the other
factors. Low income remained a strong predictor of poor sur-
vival (Table 3). Comparable results were found in the three
subgroups calculated separately (see online supplementary
Table).

Discussion

This study aimed to answer the question as to which
factors of SEP drive the social gradient in cancer surviv-
al. We found that, in contrast to patients with coronary
heart disease, cancer patients with a low job grade did
not have poorer survival rates compared to those with
higher job grades. School education was also not related
to survival, yet, vocational education was. Patients with-
out vocational training had a 90% increased risk of dying
compared to patients with a vocational college or univer-
sity degree; 47% of all cancer deaths in patients without
vocational training were attributable to this fact. It should
be noted that the word Battributable^ does not imply that
vocational training is Bcausal^ for cancer death or survi-
val. This association could have been spurious because
of confounding factors, for example the stage of disease
at presentation. In the UK, deprived patients are more
likely to be diagnosed in an advanced stage for melano-
ma, prostate, endometrial, and breast cancers: The odds
ratios for the most versus least deprived quintile ranged
from 2.2 for melanoma to 1.3 for breast cancer [33]. In
Germany, patients with low income presented 2.6 times
as often with advanced disease compared to patients with
higher income [34]. However, even after controlling for
characteristics known to be related to survival, the asso-
ciation of vocational training with survival remained. A
potential mediating factor could have been the patient’s
health behaviour [27]. For example, patients with no vo-
cational training could be more prone to tobacco
smoking, which in turn would lead to poor survival.
Health behaviour would then be a factor on the causal
pathway, and hence a mediating factor rather than a con-
founder. Therefore, we added health behaviour separately
to the model. As the relationship between vocational
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training and survival did not change by this, we assume
that the effect of vocational training on survival must be
explained by different mechanisms. One explanation
would be that patients without vocational training are
older and therefore die earlier. This was accounted for
in the model which adjusted for age, and indeed the rate
ratio decreased, but it did not disappear.

Could it be that patients without vocational training work in
more hazardous jobs and are therefore more exposed to carci-
nogenic substances? We did not have enough information to
investigate this point. The fact that blue collar workers had an
increased risk of dying in our study would underline this no-
tion. However, in the joint model, where vocational training
and job type were considered together, the effect of training
was still prevalent. We do assume that there must be other
causal mechanisms in place here as well, for example that
these patients receive different treatment than others [35,
36]. Unfortunately, we do not have the data to check these
assumptions. Moreover, only 80 patients in our sample were
without vocational training, thus further research is needed
here before firm conclusions can be drawn. Our findings,
however, emphasise the need to document not only school
education in such epidemiological studies, but vocational ed-
ucation as well.

The second SEP factor related to cancer survival in our
study was income. Across all income levels, there was a clear
social gradient in cancer survival. This result is in line with
results obtained from area-level studies, where the most de-
prived group often has a death excess of 30–50% compared to
that of the most affluent one [2]. In our study, the risk was
even three times increased. Not only survival is associated
with poverty, but also cancer incidence [37]. The sites most
strongly associated with higher poverty in the United States
are Kaposi sarcoma, larynx, cervix, penis, and liver; those

Table 1 Sample characteristics at baseline (n = 1633)

Number Percent

Sex Female 739 45%

Male 894 55%

Age <40 years 107 7%

40–49 years 217 13%

50–59 years 332 20%

60–69 years 637 39%

70–79 years 290 18%

80+ years 50 3%

Cohabitation Lives with someone else 1254 77%

Lives alone 280 17%

Unknown 99 6%

School education Compulsory 451 28%

Post-compulsory 669 41%

Higher secondary school 392 24%

Unknown 121 7%

Vocational training None 80 5%

Apprenticeship 694 43%

Higher education 316 19%

Vocational college or
university

426 26%

Unknown 117 7%

Job grade Low 249 15%

Intermediate 623 38%

High 433 27%

Unknown 328 20%

Job type White collar 991 61%

Blue collar 478 29%

Unknown 164 10%

Employment Employed 437 27%

Retired 851 52%

Unemployed or
homemaker

169 10%

Other 64 4%

Unknown 112 7%

Income <500 euros 106 6%

500 to 999 euros 530 32%

1000 to 1499 euros 380 23%

>1500 euros 304 19%

Unknown 313 19%

Site of malignancy Breast 225 14%

Gynaecological 240 15%

Prostate 283 17%

Other urological 161 10%

Lungs 57 3%

Colorectal 180 11%

Other gastro-intestinal 187 11%

Head neck 102 6%

Brain 68 4%

Other 130 8%

0/I 288 18%

Table 1 (continued)

Number Percent

Disease stage at
baseline

II 316 19%

III 286 18%

IV 153 9%

Unknown 590 36%

Spread of disease Localised 1419 87%

Metastatic 196 12%

Unknown 18 1%

Duration of stay in
hospital

<1 weeks 192 12%

1–2 weeks 685 42%

Up to 1 month 442 27%

Up to 3 months 209 13%

>3 months 2 0.1%

Unknown 103 6%
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most strongly associated with lower poverty are melanoma,
thyroid, and testis. These results are relevant for survival as
well because it was shown that sites associated with higher
poverty had lower incidence and higher mortality than those
associated with lower poverty [37].

How can it be explained that income is related to cancer
survival in a country like Germany, with supposedly equal
access to health care for all? There are several explanations
possible. The first goes back to Victora [38] who hypothesised
that new interventions will initially reach those of higher SEP

Table 2 Death rates in different groups of cancer patients, stratified by groups of socio-economic position and unadjusted rate ratios comparing these

Number of deaths Person-years (py) Rate per 100py RR 95% CI

School education College 136 3011 4.5 1
Post-compulsory 267 4906 5.4 1.2 (1.0; 1.5)
Higher secondary school 207 3128 6.6 1.5 (1.2; 1.8)
Unknown 55 882 6.2 1.4 (1.0; 1.9)

Vocational training Vocational college or university 148 3269 4.5 1
Higher education 130 2325 5.6 1.2 (1.0; 1.6)
Apprenticeship 291 4991 5.8 1.3 (1.1; 1.6)
None 42 490 8.6 1.9 (1.3; 2.7)
Unknown 54 851 6.3 1.4 (1.0; 1.9)

Job grade High 167 3248 5.1 1
Intermediate 265 4395 6.0 1.2 (1.0; 1.4)
Low 94 1877 5.0 1.0 (0.8; 1.3)
Unknown 139 2407 5.8 1.1 (0.9; 1.4)

Job type White collar 372 7489 5.0 1
Blue collar 222 3218 6.9 1.4 (1.2; 1.6)
Unknown 71 1220 5.8 1.2 (0.9; 1.5)

Income >1500 euros 88 2543 3.5 1
1000 to 1499 euros 147 2834 5.2 1.5 (1.2; 2.0)
500 to 999 euros 229 3705 6.2 1.8 (1.4; 2.3)
<500 euros 56 651 8.6 2.5 (1.8; 3.5)
Unknown 145 2194 6.6 1.9 (1.5; 2.5)

RR rate ratio, CI confidence interval

Table 3 Effect of different aspects of socio-economic position on survival

Adjusted for age, sex,
cohabitation, site, UICC
stage

Adjusted for age, sex,
cohabitation, site, UICC
stage, health behaviour

Joint model (all SEP aspects
and all covariates in one
regression)

RR 95% CI RR 95% CI RR 95% CI

School education College 1 1 1
Higher secondary 1.2 (1.0; 1.5) 1.2 (0.9; 1.4) 1.0 (0.7; 1.3)
Compulsory 1.0 (0.8; 1.3) 1.0 (0.8; 1.3) 0.8 (0.6; 1.2)
Unknown 1.3 (0.8; 2.1) 1.4 (0.9; 2.2) 1.3 (0.5; 3.0)

Vocational training Vocational college or university 1 1 1
Higher education 1.1 (0.9; 1.4) 1.1 (0.9; 1.4) 1.0 (0.8; 1.4)
Apprenticeship 1.2 (1.0; 1.5) 1.2 (1.0; 1.5) 1.1 (0.8; 1.5)
None 1.5 (1.1; 2.2) 1.5 (1.1; 2.2) 1.7 (1.0; 2.8)
Unknown 1.3 (0.8; 2.1) 1.3 (0.8; 2.1) 0.9 (0.4; 2.2)

Job grade High 1 1 1
Intermediate 1.1 (0.9; 1.3) 1.1 (0.9; 1.3) 0.9 (0.8; 1.2)
Low 0.9 (0.7; 1.2) 0.9 (0.7; 1.1) 0.7 (0.5; 0.9)
Unknown 1.1 (0.8; 1.4) 1.1 (0.9; 1.4) 0.9 (0.6; 1.2)

Job type White collar 1 1 1
Blue collar 1.2 (1.0; 1.5) 1.2 (1.0; 1.5) 1.0 (0.8; 1.3)
Unknown 1.1 (0.8; 1.6) 1.2 (0.8; 1.7) 0.9 (0.6; 1.5)

Income >1500 euros 1 1 1
1000 to 1499 euros 1.2 (0.9; 1.6) 1.2 (0.9; 1.6) 1.2 (0.9; 1.6)
500 to 999 euros 1.6 (1.2; 2.0) 1.6 (1.2; 2.0) 1.6 (1.2; 2.1)
<500 euros 2.7 (1.9; 3.8) 2.7 (1.9; 3.8) 2.8 (1.9; 4.0)
Unknown 1.8 (1.4; 2.4) 1.9 (1.4; 2.5) 1.9 (1.4; 2.6)

RR rate ratio, CI confidence interval

1396 Support Care Cancer (2017) 25:1391–1399



and only later affect the poor. This is underlined by research
from the UK showing that the deprivation gap in survival has
decreased between 1973 and 2004 from 10 to 6% in female
breast cancer patients but increased from 5 to 11% in male
rectum cancer patients [18]. The most likely explanation for
these diverging trends in cancer survival is, according to the
authors, the speed of dissemination of treatments.

The second explanation is based on psychological theories.
It is known from diseases other than cancer that poor health
among disadvantaged people results not just from lack of ma-
terial resources but also from non-material factors such as
autonomy and self-efficacy [39].

A third explanation is that poor patients may have
more delays in cancer diagnosis, resulting in more ad-
vanced stage of disease at presentation [34]. However,
this hypothesis is not likely to explain our results be-
cause the UICC stage was accounted for. Moreover,
Arndt et al. found that, amongst breast cancer patients
in Germany, the delay was even higher in those with
high SEP [40].

The results of our study should be interpreted while bearing
its limitations in mind. First, comorbidity was not assessed,
which most likely had an impact on overall survival [41].
Secondly, health behaviour was measured only once, and this
could change over time as a cancer diagnosis often leads to
cessation of smoking, especially in patients with tobacco-
related cancers [42–45]. We were also not able to assess the
patients’ physical activity and diet because we had to keep the
questionnaire brief.

The major strength of this study is that the SEP indicators
were collected individually from each patient. Another advan-
tage is that a variety of SEP indicators were included, making
it possible for example to find the different effects of school
education versus vocational training.

Finally, the median follow-up was 10 years, enabling us to
look at the long-term consequences of SEP. Previous studies
found that the deprivation gap was largest shortly after diag-
nosis, especially within the first 3 months [9, 23]. We see in
our study that the gap is still existent many years after the
diagnosis.
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Fig. 1 Probability of survival by vocational training and by income. Left panel: raw data, including information on number of patients at risk. Right
panel: adjusted for age, sex, tumour site, stage of disease, and cohabitation
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Our findings imply that better cancer survival could poten-
tially be achieved by socio-economic interventions and by
political decisions in addition to the medical care. Survival
rates in the upper SEP groups show what is possible. We
should strive to achieve such survival for all cancer patients,
not only for the wealthy and well educated.
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