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Article History: Background: Few studies have investigated socioeconomic inequalities within cities. Yet, such analyses are
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based socioeconomic inequalities in cancer survival in Hamburg, a port city in the North of Germany (popula-
tion: 1.84 million people).
Methods: Patients with a diagnosis of colorectal, lung, female breast, and prostate cancer in 2004—2018 (fol-
low-up until 31.12.2018) and registered in the Hamburg cancer registry were included. Area-based socioeco-
nomic deprivation on urban district level was assigned to the patients and grouped in five quintiles. Relative
survival in 2014-2018 was calculated using the period approach. Trend analyses between 2004 and 2018
were conducted. Relative excess risks adjusted for age and stage were computed with model-based period
analyses.
Findings: For the 73,106 included patients, age-standardized 5-year relative survival in 2014—2018 decreased
with increasing deprivation with significant differences between the most and least deprived group of 14.7
(prostate), 10-8 (colorectal), 8-0 (breast), and 2-5 (lung) percent units. Standardization by cancer stage
decreased the difference for prostate cancer to 8-5 percent units and for breast cancer to 3-6 percent units
but had only a minor effect for colorectal and lung cancer. Similar socioeconomic inequalities were already
present in 2004—08.
Interpretation: Strong socioeconomic inequalities in cancer survival were observed in Hamburg, which could
be partly explained by differences in the stage distribution. Further research including information on
screening participation as well as information on cancer care are important to further understand and finally
overcome these inequalities.
Funding: German Cancer Aid.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abbreviations 1. Introduction
ICD International classification of diseases Socioeconomic inequalities in cancer survival are well-known.
UICC union for international cancer control Studies from many countries and for many cancer sites reported that

patients living in more deprived regions have lower cancer survival
than patients living in more affluent regions. [1, 2] Studies are mostly
based on national deprivation indices that treat cities as one unit.
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Research in context

Evidence before this study

We searched PubMed for articles on the association of socioeco-
nomic deprivation and cancer survival within metropolitan
areas. We did not restrict our search by language. The investiga-
tion of socioeconomic inequalities within metropolitan areas
are important, as the majority of the world’s population lives in
such areas and there is an increasing trend to urbanization.
However, while socioeconomic inequalities in all-cause mortal-
ity have been reported for many metropolitan areas, we found
only two studies on cancer survival. In these studies from
Osaka, patients living in more deprived regions had lower can-
cer survival.

Added value of this study

We analysed area-based socioeconomic differences in survival
after colorectal, lung, female breast, and prostate cancer in
Hamburg, the second-largest city in Germany with 1.84 million
people. We observed strong socioeconomic inequalities in can-
cer survival with up to 15% lower five-year relative survival in
the most compared to the least deprived district. These differ-
ences could be partly explained by stage differences for pros-
tate and breast cancer.

Implications of all the available evidence

Our study shows that strong socioeconomic inequalities are
present even within metropolitan areas and deserve further
attention. As the survival differences were partly explained by
differences in stage distributions, socioeconomic differences in
screening participation should be evaluated. Furthermore,
studies including information on cancer care are important to
further understand and finally overcome these inequalities.

areas are more comparable concerning access to medical care than
regions in national analyses, which include urban as well as rural
areas. Furthermore, the majority of the world’s population lives in
urban areas and there is an increasing trend to urbanization. [3]

From studies on all-cause mortality, it is well known that area- as
well as individual-based socioeconomic deprivation is associated
with higher mortality [4] within cities. Such socioeconomic inequal-
ities were for example reported for the cities Eindhoven, London,
Helsinki, Turin, and Madrid [5] and for the cities Osaka (Japan), [6]
and Bremen (Germany). [7] In Osaka, area-based socioeconomic dep-
rivation was also shown to be associated with lower cancer survival.
[6, 8] For Germany, area-based socioeconomic inequalities in cancer
survival have been reported, but in these studies each city was
treated as one unit. [9, 10] Here, we analysed for the first time area-
based socioeconomic differences in cancer survival in Hamburg, the
second-largest city in Germany and the 7th largest city in the Euro-
pean Union. We investigated socioeconomic inequalities in survival
after breast, colorectal, lung and prostate cancer and determined
whether inequalities can be explained by differences in cancer stage
distributions.

2. Methods
2.1. Data source
We used data from the Hamburg Cancer Registry, which covers

the population of Hamburg (1.84 million in 2018). Patients at the age
of 18 years or older and resident in Hamburg with a primary

diagnosis of colorectal (International Classification of Diseases (ICD)
10 C18-20), lung (C34), female breast (C50) or prostate (C61) cancer
in 2004—-2018 were included in the analyses. Death certificate only
cases were excluded. Follow-up was based on population registry
data and ended in December 2018.

A deprivation score for Hamburg (“Sozialindex”) was used as a
measure of area-based socioeconomic deprivation on the level of the
104 urban districts in Hamburg. [11] The index is based on official
statistics on the unemployment rate, social housing, welfare recipi-
ents, house/apartment size, and household income. Two versions
were available based on statistics from 2011 to 2017, respectively.
We assigned the index to the patients according to the urban district
of residence at the time of diagnosis, using the index that is closest to
the year of diagnosis (2011 for 2004—-2014, 2017 for 2015-2018).
Deprivation quintiles were built separately for each version over all
patients included in the analyses. One urban district was excluded
due to its special location (a tidal island in the North See) and its
small sample size. Table A1 shows the minimum, 25th centile,
median, 75th centile, and maximum deprivation value for each depri-
vation quintile. A histogram of deprivation scores is shown in Fig. Al.

Cancer stage was classified following the Union for International
Cancer Control (UICC) TNM classification of malignant tumors effec-
tive at the time of diagnosis. For patients with information on tumor
size and lymph node status but missing information on metastasis
status, the absence of metastasis was assumed. Completeness of stage
information was overall comparable across deprivation quintiles but
different between cancer sites with a completeness of 85%, 80%, 78%
and 45% for breast, colorectal, lung and prostate cancer (Table A2).
Patients without information on stage and with tumors that cannot
be classified according to the UICC stage were excluded from stage
analyses, following a complete case approach.

2.2. Statistical analyses

For each cancer site, patient characteristics and stage distributions
across deprivation quintiles were explored and tested for differences
using the Cochrane-Armitage trend test or simple linear regression.
Assumptions of the regression model (normality and homoscedastic-
ity) were visually inspected. Five-year relative survival was the main
outcome of the study. It was estimated as the ratio between absolute
and expected survival. The latter was estimated using the Ederer II
method [12] and life tables for Hamburg stratified by age, gender,
and calendar period. Relative survival was estimated using the
period approach [13] for 2014—-2018 and the cohort approach for
2004-2008 and 2009-2013. Age-standardization was conducted
following the International Cancer Survival Standards. [14] For stan-
dardization by stage, the stage distribution in Hamburg in
2004-2018 was used. Relative survival differences between depriva-
tion quintiles were tested for statistical significance by model-based
period analysis including the factors follow-up time and age (except
for age-specific analyses). [15] Besides, models with adjustment for
stage were estimated.

2.3. Role of the funding source

The funder had no role in study design; in the collection, analysis,
and interpretation of data; in the writing of the report; or in the deci-
sion to submit the paper for publication. All authors had full access to
all the data in the study and accept responsibility to submit for publi-
cation.

3. Results
After the exclusion of 5 012 (6-4%) DCO cases, data from 73 088

patients remained for the analyses. The proportion of DCO cases was
significantly different across deprivation quintiles for colorectal,
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Table 1
Dataset overview by deprivation quintile and cancer site for patients diagnosed in 2004—2018.
Site ICD-10 Characteristic ~ Total Deprivation
Least(Q1) Q2 Q3 Q4 Most (Q5) P value'
Colorectal ~ C18-20  DCO (%) 7-6 8.6 6-9 84 71 7-0 0.01
N (%) 16,480 3141 3294 3446 3200 3399 /
Female (%) 502 519 514 50-6 48.8 46.6 <0-0001
Age (Median) 720 73.0 73-0 73.0 73.0 71.0 <0-0001
Colon (%) 69-0 705 695 692 68-8 67.0 0-003
Lung C34 DCO (%) 104 126 102 114 9.2 9.5 <0-0001
N (%) 17,116 2398 3277 3611 3422 4408 /
Female (%) 394 43.0 403 39.6 373 378 <0-0001
Age (Median)  69.0 71.0 69-0 69.0 69-0 68.0 <0-0001
Breast C50 DCO (%) 31 3.6 3.2 31 3.7 2.9 034
N (%) 22,597 5064 4742 4712 4010 4051 /
Age (Median)  64.0 640 64.0 640 65-0 63.0 0.30
Prostate C61 DCO (%) 5.0 4.0 4.4 5.8 56 55 0-0001
N (%) 16913 4153 3141 3517 3043 3059 /
Age (Median)  69-0 69-0 69.0 70.0 700 69.0 0-81

ICD=International classification of disease; DCO=death certificate only.
1 P value for trend across deprivation quintiles. For N, no test was performed as the assignment of deprivation quintiles

was based on the number of cancer patients.

lung, and prostate cancer, but no systematic pattern across the quin-
tiles was observed (Table 1). The proportion of female patients
decreased significantly with increasing deprivation from 51.9% to
46-6% for colorectal and 43-0% to 37-8% for lung cancer. Age at diag-
nosis was significantly associated with deprivation for colorectal and
lung cancer but a gradual association was only observed for lung can-
cer with decreasing median age from 71 years in the least deprived
to 68 years in the most deprived regions. Among colorectal cancer
patients, the proportion of patients with colon cancer (ICD-10 C18-
C19) significantly decreased from 70.5% in the least deprived to
67-0% in the most deprived region.

Stage was significantly associated with deprivation in breast (p-
value <0.0001) and prostate cancer patients (p-value 0.02; Fig. 1).
The proportion of stage I breast cancers decreased from 44-8% in the
least deprived to 35-4% in the most deprived regions. The proportion
of metastatic prostate cancers increased with increasing deprivation
from 22-3 to 26-1%- No significant differences were observed for colo-
rectal (p-value 0-13) and lung cancer (p-value 0-52). However, for
colorectal cancer, a tendency to a more favourable stage distribution
in less deprived regions was observed.

For colorectal, breast, and prostate cancer, differences across dep-
rivation quintiles increased over time after diagnosis (Fig. 2). For all
cancer sites, we observed a tendency to higher 5-year relative sur-
vival in the least deprived regions with differences of 10-8 (colorec-
tal), 2.5 (lung), 8-0 (breast) and 14.7% units (prostate) between the
most and least deprived regions (Fig. 3). Model-based analyses
showed significant relative excess risks of death for the most com-
pared to the least deprived regions of 35% (corresponding to an esti-
mate of 1.35; confidence interval: 1-14—1-60; colorectal), 10% (1.10
(1-00—-1-22); lung), 99% (1.99 (1-50—2-63), breast), and 202% (3.02
(1.95—-4-69); prostate). While overall a gradual trend across depriva-
tion quintiles was observed, lung cancer patients in quintile 3 and
prostate cancer patients in quintile 2 showed a noticeable lower
survival.

Standardization for stage decreased the difference between the
least and most deprived regions from 8-0 to 3-6% units in breast and
14-7 to 8-5% units in prostate cancer patients, with non-significant
relative excess risks of 22% (1.22 (0-95-1.55)) and 10% (1.10
(0-79—1.52)), respectively (Fig. 3). For colorectal cancer patients,
stage standardization had only a minor effect (10-8 to 9-7% units) and
the difference remained significant (1-20 (1-00—1-43)). For lung can-
cer patients, stage-standardization increased the absolute difference

slightly from 2.5 to 4-5% units but did not affect the relative excess
risk (1-09 (0-98—1-21)).

In all subgroups by age, gender, and, for colorectal cancer, site, 5-
year relative survival was lower in the most compared to the least
deprived regions, although differences were not always significant
(Table 2). No systematic relationship between the association
strength and age was observed across cancer sites. Deprivation-asso-
ciated survival differences were comparable in women and men.
Among colorectal cancer patients, deprivation-associated survival
differences were observed for colon and rectal cancer patients, but
they were statistically significant for colon cancer patients only. In
general, adjusting for stage at diagnosis decreased survival differen-
ces in almost all subgroups.

For colorectal and breast cancer patients, the survival difference
between the most and least deprived regions increased between
2004 and 08 and 2014-18 from 6-7 to 10-8% units and 3-0 to 8-0%
units, respectively (Fig. 4). For lung cancer patients, it remained stable
at about 2-6% units. For prostate cancer patients, survival unexpect-
edly decreased strongly over time in the most deprived group and
quintile 2. As a result, the difference between the most and least
deprived regions increased from 8-3 to 14-7% units. Trends over time
were less obvious after standardization for stage (Table A3).

4. Discussion

Our study disclosed strong socioeconomic inequalities in relative
survival after cancer in Hamburg. Compared to patients living in the
least deprived city districts, patients living in the most deprived dis-
tricts had a lower relative survival with differences up to 14% units.
These differences were observed in men and women and across all
age groups. Among breast and prostate cancer patients, cancer stage
was strongly associated with deprivation with a less favourable stage
distribution in more deprived areas. Consequently, accounting for
these differences mostly explained the observed differences in cancer
survival for these cancer sites. Socioeconomic inequalities were
already present in 2004—08 and there was no indication for decreas-
ing inequalities over time.

Socioeconomic inequalities in cancer survival in Germany have
already been reported in previous studies. [9, 10] However, in these
studies, deprivation was assigned on the level of districts or munici-
palities and, consequently, cities were either excluded or assigned a
single score for all city districts. Compared to the German study from
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Fig. 1. Stage distribution of cancer patients diagnosed in 2004—2018 by socioeconomic deprivation quintile (Q1 — least deprived; Q5 — most deprived).

2014, the difference between the most and least deprived group was
larger for prostate (14-3 versus 3-6% units), breast cancer (8-3 versus
3.1% units), and colorectal cancer (11-0 versus 4-9% units) in the cur-
rent study. However, results are not directly comparable, as the pre-
vious study accounted for deprivation-associated differences in all-
cause mortality, which play a particularly important role for elderly
patients, cancer sites with better prognosis and long-term survival.
Another difference was the finer resolution of the deprivation score
used in the current study, which could lead to larger effect estimates.
[16, 17] However, in a previous German study, which did not account
for differences in all-cause mortality and used a small-area socioeco-
nomic deprivation measure, the difference in 5-year survival for colo-
rectal cancer was also lower (4-8% units). [10] It has been
hypothesized that socioeconomic inequalities per se tend to be larger
in urban areas due to the concentration of poor population in margin-
alized neighborhoods. [18] However, studies with comparable study
designs are needed to explore differences of socioeconomic inequal-
ities in urban and rural areas.

Several studies on cancer mortality reported higher cancer mor-
tality in more deprived urban areas, [5, 6] but differences in cancer
mortality are not only caused by differences in cancer survival but
also by differences in cancer incidence, which have been assessed
and identified in previous studies from Germany. [19] In two studies
on cancer survival in Osaka, cancer patients living in more deprived
areas had lower survival. [6, 8] However, the first study only investi-
gated total cancer and, thus, survival differences might at least partly

be explained by differences in cancer case-mix across deprivation
groups caused by differences in cancer incidence. The other study
solely focused on cervical and endometrial cancer survival. Thus,
there is a lack of evidence on inequalities in cancer survival within
cities or urban areas.

To be able to implement health policy programs to overcome
socioeconomic inequalities in cancer survival, it is necessary to
understand the underlying causes. Hypothesized reasons for inequal-
ities were differences in tumor characteristics or stage, in cancer
treatment, lifestyle factors, comorbidity, or insurance status. [20] In
our study, we found a more favourable stage distribution in breast
and prostate cancer patients living in less deprived areas. Potential
underlying reasons for this finding are differences in health aware-
ness [21] or screening uptake. At the time of the study, opportunistic
self-paying screening for prostate cancer was offered in Germany.
[22] Organized mammography screening has been implemented in
Hamburg in 2008. [23] There is evidence for higher screening uptake
among people with better area-level or individual socioeconomic sta-
tus. [24] Thus, differences in screening uptake might explain the
observed more favourable stage distribution in breast and prostate
cancer patients in least deprived areas as well as the reduction of the
socioeconomic inequalities in survival after adjustment for stage.
However, in contrast to the results for prostate and breast cancer, we
only observed a non-significant tendency to a better stage distribu-
tion in less deprived areas for colorectal cancer. Opportunistic screen-
ing for colorectal cancer, which is paid by the statutory health
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Fig. 2. One- to five-year age-standardized relative survival (and standard error) in 2014—2018 by socioeconomic deprivation quintile (Q1 — least deprived; Q5 — most deprived).

insurance, was available at the time of the study. Thus, results might
differ by cancer site. Nonetheless, one starting point to decrease
socioeconomic inequalities in cancer survival might be programs
targeted to increase screening participation in more deprived city
districts. Offering an organised screening program instead of oppor-
tunistic screening might reduce socioeconomic inequalities [25] but
results are inconclusive. [26] Further studies in this direction are
urgently needed.

A further aspect that needs to be considered when interpreting
socioeconomic inequalities in stage distributions and cancer survival
is that higher screening participation rates may lead to a more
favourable stage distribution due to earlier detection of tumors but
also due to overdiagnosis. [27, 28] Overdiagnosis could lead to higher
survival estimates in patient groups with higher screening uptake
without a real benefit for the patient. Both effectiveness of cancer
screening and the potential for overdiagnosis differ between cancer
sites. [27, 29, 30] As a consequence, a more favourable stage distribu-
tion and longer survival rates cannot directly be translated to a bene-
fit for the patient. It is important to additionally investigate incidence
and mortality estimates, which should be addressed along with the
survival estimates in future studies.

While we mostly observed decreasing survival rates with increas-
ing deprivation, some results are not in line with this pattern. For
prostate cancer, 5-year relative survival was noticeably low in the
second least deprived group (Q2) for patients older than 74 years at

diagnosis, and we observed strong divergent trends over time across
deprivation groups. For lung cancer, the middle deprivation group
(Q3) had noticeably lower survival than all other deprivation groups
for men and women and for all age groups. These patterns should be
explored further in future studies using additional regional informa-
tion sources.

Limitations of the study need to be considered in the interpreta-
tion of our results. We could not account for deprivation-associated
differences in non-cancer mortality and were not able to investigate
cancer care, comorbidity, and lifestyle factors. However, investiga-
tions on cancer care will become possible in the future through the
national clinical cancer registration in Germany. Migration status was
not investigated in our study, although it might be associated with
deprivation, [31] screening participation [32, 33] and cancer mortal-
ity. [34] The same applies to health literacy. Deprivation quintiles
could only be assigned once to the patient for the entire follow-up
period. Thus, we were not able to account for moves to other city dis-
tricts or outside of Hamburg after diagnosis. We had a large propor-
tion of patients with missing information on stage, especially for
prostate cancer. We observed that patients with and without infor-
mation on stage had different survival estimates, which indicates
that stage was not missing at random. However, completeness of
stage did not depend on deprivation and, thus, excluding patients
with missing information should not have led to a pronounced bias
in the analyses on the association between deprivation and survival.
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Fig. 3. Five-year age-standardized relative survival (and standard error) in 2014—2018 by deprivation quintile with/without standardization for stage (Q1 — least deprived; Q5 —

most deprived).

Despite these limitations, our study shows strong socioeco-
nomic differences in cancer survival in Hamburg. For breast and
prostate cancer, these differences decreased or even disappeared
after accounting for the more favourable stage distribution in
less deprived areas. Further research including information on
screening participation as well as information on cancer care are
important to further understand and finally overcome these
inequalities.
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Five-year relative survival (standard error) in 2014—2018 by deprivation quintile, cancer site and subgroups.

Site Subgroup Deprivation Relative Excess Risk’
Least(Q1) Q2 Q3 Q4 Most (Q5)  Q5-Q1 Adjusted for: Adjusted for:
Age Age+Stage
Colorectal ~ Colon® 74.2(2-1) 64.9(23) 63.9(2:2) 66(2:3) 63.7(2-2) -105 1.38(1.12-1.71) 1-16 (0-93-1-44)
Rectum [2] 68-7(3-1) 64.4(33) 61.0(3-1) 576(33) 60-1(3-0) -86 1.24(0-94-1-65) 1.31(0.97-1.78)
15-64years 77 (2.7) 67.3(3-0) 683(29) 692(31) 685(2.7) -85 1.46 (1.05-2.02) 1-43 (1-00-2.-04)
65-74years 742 (32) 64.2(32) 61.1(3:0) 603(33) 595(3:2) -14.7 1.65(1.19-2.28) 1.25(0-89-1.75)
75+ years 65-1(3-6) 63.6(3-7) 556(3-3) 57.8(3-5) 55-5(3:5) -9.6 1.11(0-87-1-42) 1.05(0-81-1-35)
Female® 70-8(1.7) 63.2(1-8) 61.0(1.7) 61.6(1-8) 60-1(1.7) -10.7 1.38(1.08-1.78) 1-19(0-91-1.54)
Male? 75-4(1-8) 67.5(2.0) 649(1-8) 656(1.9) 63.9(1-8) -115 1.31(1.04-1-65) 1-20(0-94-1.53)
Lung 15-64years  22.5(3.0) 24.7(2:5) 17-0(1.9) 21.1(22) 19-1(1-8) -34 1.10(0-91-1-33) 1.04(0-85-1-27)
65-74years  20-4(2.5) 16-7(2-0) 15.0(1-8) 158(1.9) 16:7(1.7) -3.7 1.19(1.01-1-40) 1.29 (1.08-1.54)
75+ years 10-5(2-2) 84(1-8) 52(1.2) 14.9(2:3) 9-8(1-8) -0.7 1.03(0-87-1-21) 0-97(0-81-1-16)
Female? 18-4(2-1) 19.0(1-6) 12.7(1-1) 16:5(1-2) 159(1-2) -25 1.07 (0.92-1-24) 1-12(0:95-1-31)
Male? 19-4(2-1) 19-8(1.7) 133(1-1) 174(1:3) 167(12) -2.7 1.11(0-98-1-28) 1.06 (0-91-1-22)
Breast 15-64years  93.7(1.0) 92.4(1-1) 90-0(1-2) 895(13) 88.5(1:3) -52 1.90 (1.29-2-80) 1-17 (0-80-1.70)
65-74years  954(1.7) 90-3(2.0) 894(2:2) 915(23) 84.5(2:6) -109 3.47 (1.60-7-54) 1.51(0-92-2.47)
75+ years 82.6(3-5) 81.6(3-8) 80-4(3-7) 80.0(37) 73:6(3-9) -9.0 1.57 (0.95-2-57) 1.09 (0-70-1-68)
Prostate 15-64years  98.7(1-6) 95.2(22) 94.7(2-1) 903(2:6) 90-1(2-3) -86 5.44(1.07-27-58)  1.33(0.58-3.04)
65-74years  97.6(1-8) 94.0(2.2) 93.9(2:2) 90.0(25) 87-7(2:5) -9.9 5.77(145-22.94)  1.65(0-85-3-20)
75+ years 82.6(4-2) 71.3(46) 755(39) 73.1(46) 697(46) -12.9 215(1-33-348) 0-90 (0-60—1-36)

! Relative excess risk and 95% confidence interval for Q5 versus Q1. Significant relative excess risks are printed in bold.

2 Age-standardized.
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Fig. 4. Trends in five-year age-standardized relative survival (and standard error) by socioeconomic deprivation quintile and difference between least (Q1) and most deprived (Q5)
regions.
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