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ABSTRACT

Background: Despite structural and cultural similarities across the Nordic countries, differences in can-
cer survival remain. With a focus on similarities and differences between the Nordic countries, we
investigated the association between socioeconomic position (SEP) and stage at diagnosis, anticancer
treatment and cancer survival to describe patterns, explore underlying mechanisms and identify know-
ledge gaps in the Nordic countries

Methods: We conducted a systematic review of population based observational studies. A systematic
search in PubMed, EMBASE and Medline up till May 2021 was performed, and titles, abstracts and full
texts were screened for eligibility by two investigators independently. We extracted estimates of the
association between SEP defined as education or income and cancer stage at diagnosis, received anti-
cancer treatment or survival for adult patients with cancer in the Nordic countries. Further, we
extracted information on study characteristics, confounding variables, cancer type and results in the
available measurements with corresponding confidence intervals (Cl) and/or p-values. Results were
synthesized in forest plots.

Results: From the systematic literature search, we retrieved 3629 studies, which were screened for eli-
gibility, and could include 98 studies for data extraction. Results showed a clear pattern across the
Nordic countries of socioeconomic inequality in terms of advanced stage at diagnosis, less favorable
treatment and lower cause-specific and overall survival among people with lower SEP, regardless of
whether SEP was measured as education or income.

Conclusion: Despite gaps in the literature, the consistency in results across cancer types, countries
and cancer outcomes shows a clear pattern of systematic socioeconomic inequality in cancer stage,
treatment and survival in the Nordic countries. Stage and anticancer treatment explain some, but not
all of the observed inequality in overall and cause-specific survival. The need for further studies
describing this association may therefore be limited, warranting next step research into interventions
to reduce inequality in cancer outcomes.

Study registration: Prospero protocol no: CRD42020166296
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Introduction survival in all Nordic countries compared to patients with
higher SEP [4-10]. This socioeconomic inequality in cancer
has been documented for most frequent cancers [6,10].

SEP is a complex concept describing patients’ social and
economic position in society [10]. SEP is related to a wide
range of health factors, such as symptom perception and

recognition, health care seeking behavior, adherence to

Cancer has in recent years become one of the leading causes
of death in high-income countries, including the Nordic
countries [1]. Despite structural and cultural similarities of
the Nordic welfare states, differences between the countries
have been documented both in cancer incidence and sur-

vival [2,3]. Although shorter and longer education as well as
both primary and secondary health care is tax-funded and
requires no or relatively low co-payment, patients with low
socioeconomic position (SEP) have considerably lower cancer

health- and lifestyle recommendations, communication with
health care professionals and participation in screening pro-
grams [10]. These factors may translate into socioeconomic
differences in stage at diagnosis, comorbidity and access to
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treatment [11-14], which are reported to be the main drivers
of the socioeconomic inequality in cancer survival [15].

Examining patterns of socioeconomic inequality at key
points in the cancer trajectory, and across countries that
have differences in cancer survival despite similar welfare
and health care, will provide an opportunity to discuss pos-
sible underlying mechanisms that may be targeted in clinical
practice. The aim of this study is therefore to summarize the
literature, describe patterns and identify knowledge gaps
concerning associations between SEP and stage at cancer
diagnosis, anticancer treatment and cancer survival in the
Nordic countries.

Methods
Protocol and registration

A study protocol was registered in the PROSPERO portal
(CRD42020166296) before initiation of the study. The review
was reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [16].

Literature search

A systematic search was conducted in PubMed, EMBASE and
Medline up till May 2021. The search was adapted to each
database and was limited to literature on humans and litera-
ture published after January 1st, 2005. A search in PROSPERO
and the Cochrane library ensured that there were no
ongoing systematic reviews on the topic. Covidence and
Endnote software X9 were used to manage references. The
specific search strings for each database are available upon
contact to the authors.

Study eligibility

Studies with observational design, including cohort or cross-
sectional studies, which were published in peer-reviewed
journals in English, Danish, Swedish or Norwegian language
were eligible for inclusion. Studies had to be population-
based including persons aged 18years and above, diagnosed
with cancer and resident in either Denmark, Norway,
Sweden, Iceland, Finland, Greenland or the Faroe Islands. To
be eligible, the studies should report on at least one of the
following outcomes: stage at diagnosis, anticancer treatment
or survival after cancer (relative survival or ratios of risk, rates
or odds). SEP had to be measured as education or income
(individual or household level).

Study selection

All studies from the searches were independently screened
for eligibility by two authors; first by title, secondly by
abstract and finally by full-text. Any disagreements at any
phase of the screening were resolved by discussion with a
third author. The software ‘Covidence’ was used to manage
the screening process.

Data items and extraction

Data extraction was carried out by one author and double-
checked by another author. The following data was
extracted: author, year of publication, country, study design,
setting, inclusion period, number of participants, definition of
SEP, effect measurement, confounding variables and esti-
mates with 95% confidence intervals (Cl) or p-values for the
highest and lowest category of SEP for relevant outcomes
(stage at diagnosis, treatment, survival). Data for the crude/
least adjusted and most adjusted estimates were extracted
when available. In studies reporting both 1-year, 5-year or
10-year survival, 5-year survival was prioritized. If studies pro-
vided several measures of survival, estimates for both cancer-
specific, relative and overall survival were extracted.

Study quality

Study quality were appraised in accordance with the Quality
Assessment Tool for Observational Cohort and Cross-
Sectional Studies provided by the National Heart Lung and
Blood Institute  (https://www.nhlbi.nih.gov/health-topics/
study-quality-assessment-tools). Study quality was evaluated
by one author and double-checked by another author. An
overview of the quality of included studies can be seen in
Figure 1.

Summary measures and synthesis of results

All extracted data is presented in summary tables for each
study outcome; stage at diagnosis, anticancer treatment and
survival (Supplementary material, table S1, S2, S3). Where
estimates were hazard ratio (HR) or odds ratio (OR), data was
uploaded to the statistical software R, version 4.1.0, packages
‘readx|, ggplot2, Rcolorbrewer’ [17], and presented graphic-
ally in focused forest plots for each outcome. To enhance
comparability between studies for the forest plots, estimates
were inverted if the exposure reference group was the high-
est SEP category, well aware that this may be problematic
for exposure variables with more than 2 levels. All original
estimates are found in the result tables.

Results
Included studies

The search resulted in 3629 hits. We excluded 179 duplicates
and 3193 studies through title and abstract screening, which
left 257 studies to be assessed in full text for eligibility. After
full-text screening we included 98 studies in the review (see
PRISMA flow diagram, Figure 2). Study characteristics of the
included studies are reported in Table 1, and detailed results
are presented in Table S1, S2 and S3 in supplementary mate-
rials. It was possible to present the results of 55 studies
which provided comparable estimates in forest plots,
whereas all studies contribute to qualitative analyses. The
quality of the included studies was generally high in criteria
relevant to register based studies (Figure 1).
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NIHBI checklist

1) Research question or objective clearly stated?

2) Study population clearly specified or defined?

3) Participation rate of eligible persons <50%?

4) Selection of subjects from similar populations/time
period/exclusion criterie uniformly applied?

5) Sample size justification, power description, variance
and effect estimates provided?

6) Exposure measured prior to outcome?

7) Timeframe sufficient to reasonable expect an
association between exposure and outcome?

8) For exposures that can vary, did the study examine
different levels the exposure as related to the outcome...

9) Were exposure measures clearly defined, valid,
reliable and consistent accross participants?

10) Was exposures assessed more than once over time?

11) Were outcome measures clearly defined, valid,
reliable and consistent accross participants?

12) Were outcome assessors blinded to exposure status
of participants?

13) Was loss to follow-up after baseline <20%?

14) Were key potential confounding variables measured
and adjusted for?

0%

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Yes ®No

Figure 1. Study quality appraisal of included studies according to Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies provided by the

National Heart Lung and Blood Institute.

Stage at diagnosis

Of the 14 studies examining the association between SEP
and stage at diagnosis (Table S1), 13 studies reported ORs
and are presented in Figure 3 [11-13,26,54,55,68,69,79,80,
83,85,93]. Results were reported from two countries and mul-
tiple cancer sites; 10 studies from Denmark (cancers of the
breast [68], cervix [83], colon [80], head and neck [12], lung
[69], melanoma [85], Non-Hodgkin lymphoma [79], ovaries
[11], rectum [80], sarcoma [93] and uterus [13]) and 4 studies
from Sweden (breast cancer [48], melanoma [26], penis [55]
and prostate cancer [54]) (Table S1).

Long education and high income were associated with
lower odds for late stage in eight out of 13 studied cancer
sites [12,26,48,54,68,69,79,83,85] (Figure 3). In five out of 13
cancer sites, namely in cancer of the colon [80], ovary [11],
penis [55], sarcoma [93] and for uterus [13] no risk estimates
indicated an association, and for rectum cancer the direction
of associations differed by age group and SEP-indicator [80].
Further, the results for cancer of the lung [68] and head &
neck [11] were inconsistent, depending on exposure or ana-
tomical sub-site of the cancer, respectively (Figure 3 and
Table S1).

Anticancer treatment

The various anticancer treatments represented in the
included studies are curatively/palliatively intended, salvage/
non-salvage therapy, surgery (including acute/elective), adju-
vant/neo-adjuvant chemotherapy, Tyrasine Kinase Inhibitors,
radiotherapy, stereotactic radiotherapy, immunotherapy,
stem cell transplant, and hormonal/endocrine treatment
(Table S2).

Of the 24 studies which included anticancer treatment as
an outcome (Table S2), 23 studies reported OR [14,19,27,28,
30,40-42,44-46,54,56,58-60,63,73,74,87,97,100,108] and 20 of
these were possible to present in Figure 4(A,B), 1SA and
2S [14,19,27,28,40-42,44,45,54,56,58-60,63,73,74,87,100,108].
Inapplicability for presentation in figures was due to results
being presented for all cancers combined [46,97], using the
middle category as reference [30] or using an incompatible
effect measure [36]. Results were reported from four coun-
tries on multiple cancer sites; 16 studies from Sweden (can-
cers of rectum [44,45], prostate [41,42,54], breast [27,28,56,
58,601, esophagus [40], lung [19,59], all sites [46], lymphoma
[30] and leukemia [36]), 5 studies from Denmark (colorectal
cancer [74], lymphoma [14,63], and lung cancer [73,87]),
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Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [15] flow diagram over the review process showing number of

included and excluded studies with reasons [16].

2 studies from Norway (lung cancer [100] and all-sites [97])
and one study from Finland (prostate cancer [108]). In gen-
eral, income showed stronger associations than education for
anticancer treatment (Figure 4(A,B), Figures 1SA and 2S).

The cancer site that was studied most was lung cancer
(Table S2). Results of analyses of receiving versus not receiv-
ing anticancer treatment (radiotherapy, surgery and chemo-
therapy) for early stage non-small cell lung cancer (NSCLC)
[19,59,73,87,100] showed a pattern with results generally
favoring patients with high SEP. Most clear was a higher risk
of receiving surgery (or lower risk of not receiving surgery)
for patients with high SEP [19,73,87,100]. Of the 20 estimates,
18 favored high SEP with 11 being statistically significant
and 7 being statistically insignificant or being close to the
line of no difference, while two estimates favored low SEP
(Figure 4(A)). For late-stage NSCLC, estimates favored
patients with high SEP regardless of anticancer treatment
type, although 13 out of 19 estimates were non-significant
(Figure 4(B)) [19,59,73,100].

The odds of receiving surgery or radiotherapy among
patients by SEP for rectal cancer was studied in two Swedish
studies [44,45] and risk of acute versus elective surgery
(acute surgery carries higher risk of complications and is an
adverse outcome compared to elective surgery) for colon
cancer in one Danish study [74] (Figure 1SA). Out of the 30

estimates, 21 estimates favored patients with high SEP
and 11 of these were statistically significant [44,45,74]
(Figure 1SA). In the two Swedish studies [44,45] (Figure 1SA),
the estimates favored patients with low SEP in four out of
ten estimates when the SEP indicator was education whereas
the estimates favored patients with low SEP in nine out of
10 estimated when the SEP indicator was income. In the
Danish study the estimate for acute versus elective surgery
favored high SEP for all age groups combined, and more
pronounced for the youngest age group [74].

Differences in anticancer treatment for prostate cancer
was examined in three studies from Sweden [41,42,54] and
one study from Finland [108] (Figure 2S). Results showed a
pattern of patients with high SEP having a higher odds of
receiving chemotherapy, curatively intended treatment, and
radical prostatectomy compared to patients with low SEP
[40,41,54,56,108] (Figure 2S). The same was the case for
radiotherapy among patients with metastatic or locally
advanced prostate cancer, while there was no apparent asso-
ciation between receiving radiotherapy and SEP among
patients with low, intermediate or high-risk prostate cancer
[108]. Conversely, the odds for receiving hormonal therapy
was higher in patients with low SEP [42].

Five studies investigated breast cancer treatment, all from
Sweden [27,28,56,58,60] (Figure 2S). Estimates did not
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(studies) References
Country Sweden 43 [18-60]°
Denmark 41 [11-14,29,61-96]*
Norway 10 [29,97-105]*
Finland 7 [29,106-111]7
Outcome® Stage at diagnosis 14 [11-13,26,48,54,55,68,69,79,80,83,85,93]
Anticancer treatment 24 [14,19,27,28,30,36,40-42,44-46,54,56,58-60,63,73,74,87,97,100,108]
Survival 73 [11,13,14,18-26,29,31-40,43,47,49-53,55,57,59,61,62,64-67,
70-78,81,82,84,86,88-96,98,99,101-107,109-111]
Cancer types were we Breast Stage at diagnosis 2 [48,68]
identified studies Anticancer treatment 5 [27,28,56,58,60]
covering all Survival 19 [18,21,25,29,31-35,67,70,71,89,98,102-105,109]
three outcomes Lung Stage at diagnosis 1 [69]
Anticancer treatment 5 [19,59,73,87,100]
Survival 13 [19,34,38,49,53,59,70,72,73,98,99,101,103]
Colorectal Stage at diagnosis 1 [80]
Anticancer treatment 3 [44,45,74]
Survival 12 [24,34,43,51,70,74,75,81,82,98,103,106]
Prostate Stage at diagnosis 1 [54]
Anticancer treatment 4 [41,42,54,108]
Survival 9 [34,39,70,88,90,103,107,110,111]
NHL Stage at diagnosis 1 [79]
Anticancer treatment 2 [14,63]
Survival 6 [14,34,50,62,70,94]
SEP measure Education 37 [13,18,19,21,22,24,26-30,32-34,
40-42,46-48,50,51,53,56,59,60,76,94,98,101,102,104,106,108-111]
Income 3 [49,70,99]
Both education and income 58 [11,12,14,20,23,25,31,35-39,43-45,54,55,57,58,61-69,
71-75,77-97,100,103,105,107]
Study design Register-based cohort 88 [11-14,18-26,28-45,47-56,58-87,90-97,99-106,111]
Prospective cohort 3 [57,98,110]
Retrospective cohort 2 [27,46]
Register- and questionnaire based cohorts 2 [88,89]
RCT (one study arm used) 2 [107,108]¢
Cross-sectional 1 [109]

?One study included all four countries [29].

b7 reported on survival and Anticancer treatment [14,19,36,40,59,73,74], 6 on survival and stage [11,13,26,37,55,93] and 1 on stage and Anticancer treatment

[54]. No single study reported on all three outcomes.

“One study used the screening-arm [108], the other used the control-arm [107].

consistently reach statistical significance, but indicated a ten-
dency favoring patients with high SEP in terms of receiving
chemotherapy vs none, breast conserving surgery vs. mastec-
tomy and adherence to endocrine treatment versus non-adher-
ence [27,28,56,58,60] (Figure 2S). Only one study examined SEP
and chemotherapy among breast cancer survivors [56].

The remaining studies were from Denmark (two studied
Non-Hodgkin Lymphoma) [14,63], Sweden (one studied
esophagus cancer [40], one Mantle Cell Lymphoma [30], one
Chronic Myeloid Leukemia [36] and one all-sites [46]) and
Norway (one study of all sites [97]). Although only few esti-
mates reached statistical significance, in fact only two out of
ten estimates for Non-Hodgkin Lymphoma were statistically
significant, results still consistently favored patients with high
SEP in regards to all types of anticancer treatment (receiving
immunotherapy, radiotherapy, and chemotherapy versus
none, curatively intended vs palliative treatment, and chemo-
therapy + stem cell transplant vs. no treatment) (Figure 2S
and Table S2).

Survival

Seventy-three studies reported cause-specific and/or all-cause
survival (Table S3), and the majority presented HRs or ORs

and were compatible for presentation in figures (Figure 4(C)
(NSCLC) [19,34,59,73,101], 1SB (colorectal cancer) [34,43,51,
74,82] and 5A [18,20,25,26,32-35,71,78,88,89,110] and 5B
[11,13,14,22,23,34,36,40,50,55,57,62,76,84,92,93] (all other can-
cer sites)). Estimates from 31 studies with incompatible out-
come measures or estimates for all cancer sites combined
could not be included in figures [21,24,31,37-39,47,49,52,
53,61,64-67,70,72,75,77,81,86,90,91,94-96,99,103,105,106,109].

Studies from Sweden (n=30) [18-26,29,31-40,43,47,49-53,
55,57,59], Denmark (n=32) [11,13,14,29,61,62,64-67,70-78,
81,82,84-86,88-96], Finland (n=6) [29,106,107,109-111] and
Norway (n=38) [29,98,99,101-105] examined survival as an
outcome and covered multiple cancer sites (Table S3, Figures
4(C), 5(AB), Figure 1SB). The most frequently studied cancer
sites were breast cancer with 19 studies [18,21,25,29,
31-35,67,70,71,89,98,102-105,109] (Table S3 and Figure 5(A)),
lung cancer with 13 studies [19,34,38,49,53,59,70,72,73,98,99,
101,103] (Table S3 and Figure 4(C)) and colorectal cancer with
13 studies [24,34,43,51,70,74,75,81,82,98,103,106] (Table S3
and Figure 1SB).

Five studies of lung cancer were compatible for presen-
tation (Figure 4(C)). In the Danish and Norwegian studies, a
clear pattern of better overall survival for lung cancer
patients with high SEP was apparent [73,101] (Figure 4(C)).


https://doi.org/10.1080/0284186X.2022.2143278
https://doi.org/10.1080/0284186X.2022.2143278
https://doi.org/10.1080/0284186X.2022.2143278
https://doi.org/10.1080/0284186X.2022.2143278
https://doi.org/10.1080/0284186X.2022.2143278
https://doi.org/10.1080/0284186X.2022.2143278
https://doi.org/10.1080/0284186X.2022.2143278
https://doi.org/10.1080/0284186X.2022.2143278
https://doi.org/10.1080/0284186X.2022.2143278
https://doi.org/10.1080/0284186X.2022.2143278

1322 (&) G. AMMITZB@LL ET AL.

Sweden

Denmark

Dalton et al. 2006

Breast

Ibfelt et al. 2012

Cervix

Frederiksen et al. 2008, 18-64y
65y and above

Colon

Olsen et al. 2015, oral cavity
Hypopharynx

Oropharynx

Non-glottic

HNC

Dalton et al. 2011

Lung

|
|
|
|
|
I
I
I
Glottic I
|
|
I
I
|
I
|
|

Ibfelt et al. 2018 = | Exposure
e -8 Education
-o= - I Melanoma| -e= Income
Eriksson et al. 2013 - I
=
Frederiksen otal. 2011 Il ~1 [~ | Model
== Crude / Less adjusted
Ibfelt et al. 2015 :::L—- ovary - - Adjusted
. [ e
Torbrand et al. 20174 t JL 1 |_Penile |
Tomic et al. 20181 - - I ” I I FrsEe I
Frederiksen et al. 2008, 18-64y I - == - L
S A —
65y and above I -r > Rectum
P
Raedkjaer et al. 2019*, all sarcoma I — e —
P I
SN N ——
Soft tissue sarcoma I R
I R S Sarcoma
..... b T
Bone sarcoma I
....... L . S,
I e —
Seidelin et al. 2016
el 1 | ” - 1 I Uterus |
1

2

3
OR (95% Cl)

1 2 3

Figure 3. Odds ratio (OR) of late stage at diagnosis for cancer patients with high socioeconomic position (SEP) compared to patients with low SEP in the Nordic
countries, by cancer site and country. Estimates on the left of OR = 1.00 favors high SEP. *disseminated stage vs. localized stage

In the Swedish studies a more mixed pattern was found
and also outcomes covered both overall and cause-specific
survival. Here, the associations across studies were weaker,
as only eight out of the eleven estimates that favored
patients with high SEP were statistically significant and one
estimate with a wide confidence interval significantly
favored patients with low SEP. Four estimates were very
close to the line of no difference [19,34,59] (Figure 4(Q)).
Studies in colorectal cancer were of Swedish, Danish and
Finish origin, and consistently showed that patients with high
SEP had substantially better overall and cause-specific survival
[24,34,43,51,70,74,75,81,82,98,103,106] (Table S3 and Figure 1SB).
The same association was found for most other studied
cancer sites when looking at overall survival, with a few
exceptions (Table S3, Figure 5(A,B)). Very few of the adjusted
estimates for cause-specific survival reached statistical signifi-
cance [25,26,34,50] (Table S3, Figure 5(A,B)). The most marked
exception was a Swedish study in penis cancer, where low-
precision estimates for cause-specific survival tended to favor
patients with low SEP [55] (Table S3 and Figure 5(B)).
Furthermore, studies in breast, bladder and cervix cancer were
not consistent across countries (Table S3, Figure 5(A,B)). For
example, Swedish studies of breast, bladder or cervix cancer
showed a pattern of better overall and cause-specific survival
for patients with high SEP [18,25,32-35], while the Danish
studies of breast, bladder or cervix cancer varied according to
SEP indicator used, as high education was associated with bet-
ter overall survival whereas high income was not when

looking at adjusted estimates [71,78,84,89] (Figure 5(A,B)). For
cancers of the esophagus and stomach, we did not find a
consistently significant association between SEP and overall or
cause-specific survival, respectively [22,23,34,40] (Figure 5(B)).
Finally, for patients with pancreatic cancer, those with high
SEP had a statistical significant better cause-specific survival
than patients with low SEP [34].

Discussion
Principal findings

In this systematic review, we present an overview of the evi-
dence of socioeconomic inequality in cancer in the Nordic
Countries. Based on generally high-quality studies, it shows
an association between low SEP and late stage at diagnosis,
receiving less favorable anticancer treatment and poorer
overall and cause-specific survival. The results were quite
consistent across studies from Sweden, Denmark, Finland
and Norway and across cancer types.

Interpretation of results

Stage of diagnosis

Results from this study show socioeconomic inequalities in
stage at diagnosis across cancer types in the Nordic coun-
tries. Suggested explanations to this may be delays in diag-
nosis due to i.e. symptom debut perception and health
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literacy [15,112]. Health literacy has implications for how per-
sons interpret symptoms and how they act in response. This
may delay a consultation with a doctor and thereby prolong-
ing the time from symptom debut to diagnosis, allowing the
cancer to progress to more advanced stages. It may also
impact the way people communicate with health professio-
nals as well as how the health professionals respond.

Another possible explanation is the presence of more
comorbidity among socioeconomically deprived people
[15,112]. If a patient suffers more competing illnesses, symp-
toms may be muddled and new symptoms may be harder to
detect. Further, for the health professional caring for the
multi-morbid patient, it may be equally difficult to distin-
guish symptoms of a new cancer from symptoms of progres-
sive non-cancer morbidity.

OR (95% Cl)

Figure 4. (A) Odds ratio (OR) of receiving anticancer treatment for patients with early stage NSCLC with high socioeconomic position (SEP) compared to patients
with low SEP in the Nordic countries, by country. Estimates on the right of OR = 1.00 favors high SEP. (B) Odds ratio (OR) of receiving anticancer treatment for
advanced stage NSCLC patients with high socioeconomic position (SEP) compared to patients with low SEP in the Nordic countries, by country. Estimates on the
right of OR = 1.00 favors high SEP. (C) Hazard ratio (HR) for all-cause or cause-specific death in NSCLC patients with high socioeconomic position (SEP) compared
to patients with low SEP in the Nordic countries, by country. Estimates on the left of HR = 1.00 favors high SEP.

Finally, a likely explanation for the socioeconomic inequal-
ity in stage at diagnosis may arise from an unequal participa-
tion in screening, which is relevant for major cancer types
like cervical [113], breast [114] and colorectal cancer [115]. It
has been suggested that patients with low SEP generally
have more negative beliefs about screening, early detection
and treatment, worrying that a diagnosis and treatment is
worse than the cancer itself, which may lead to inappropriate
health behavior and nonparticipation in screening [15].

Anticancer treatment

Overall, we found the same socioeconomic inequality in anti-
cancer treatment as described for stage, despite high-quality
health care being considered accessible and free to all
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Figure 4. (Continued).

residents in the Nordic countries. Early-stage diagnosis
increases chances of being offered curatively intended treat-
ment, whereas later stage diagnosis leads to fewer treatment
options. Further, the increased frequency of comorbidity in
patients with low SEP also reduces the treatment options
available due to poorer health and performance status lead-
ing to worse treatment tolerance and post-treatment recov-
ery [15,112]. However, even in the studies where analyses
were adjusted for stage and comorbidity, we still found con-
sistent inequalities in receipt of anticancer treatment.

In universal healthcare systems, aside from stage, comor-
bidity and general health status, other factors may influence
the offered anticancer treatment, such as age, the oncolo-
gist's subjective evaluation of treatment tolerance, geograph-
ical area and distance to available treatments. However, our
findings mostly align with those of a systematic review and
meta-analysis about socioeconomic inequalities in lung can-
cer treatment by Forrest et al. [116] showing that lower SEP
was associated with less access to surgery and chemotherapy

in both universally funded healthcare systems and insurance
financed healthcare systems. This indicates that there may
be explanatory factors for socioeconomic inequality yet
unaccounted for, and that the type and structure of the
healthcare system may only play a smaller role. Health liter-
acy and other mechanisms involved in the interaction
between the patient and health professionals such as social
capital may be equally important in explaining inequality in
the treatment offered, but this has earned little focus
in research.

Survival

Results from this review are in alignment with the findings
of previous reviews from 1997 and 2006 [117,118], reporting
that low SEP is associated with poorer cancer survival. Still,
the mechanisms behind this association remains incom-
pletely understood. Strong mediators of the association has
been proposed to include stage at diagnosis, comorbidity
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Figure 4. (Continued).

and access to anticancer treatment, although the mediating
effect of stage at diagnosis actually differs across cancer sites
and between countries [117,119]. We observed a strong asso-
ciation between low SEP and worse overall survival and a
similar but less strong association with cause-specific survival
in the Nordic countries independent of stage at diagnosis in
this review (Table S1). Some of the included studies took
anticancer treatment into account when analyzing the associ-
ation between SEP and survival [19,23,25,36,40,49,59,73,74,
92,101,103,109], but the significant socioeconomic difference
in both overall and cause-specific survival persisted. Further,
the associations remained significant after adjusting for
comorbidity, which was done in one-third of studies
[11,13,18,20,22,23,26,32,37,38,40,49,55,59,65,71,73,74,76,81,82,
88,89,93,100]. In most of the studies presenting both crude
and adjusted estimates, adjusting for comorbidity did not
affect the estimates. However, this was sometimes slightly
different for early and late stage disease with either a weak-
ening or strengthening impact.

Taken together, stage, anticancer treatment and comor-
bidity explain some, but not all of the observed socioeco-
nomic inequality in overall and cause-specific survival.

Looking beyond the Nordic countries, a recent systematic
review by Afshar and colleagues [15] included besides stage
and anticancer treatment also tumor characteristics, lifestyle
behavior (i.e. alcohol intake and smoking), comorbidity,
health-seeking behavior, rural/urban distribution, ethnicity,
and access to health care [15]. The authors found that differ-
ences in disease stage, tumor characteristics, lifestyle behav-
ior, comorbidity, and anticancer treatment were consistently
reported as mediating factors of socioeconomic inequalities
in cancer-specific survival. However, in alignment with our
results, the mediating impact of these factors on the socioe-
conomic differences in survival varied depending on cancer
sites; in breast cancer, early stage at diagnosis seemed to be
a major determinant of better survival, while in colorectal
cancer, emergency presentation and comorbidity seemed to
be more important [15]. Despite our findings of SEP being
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Figure 5. (A) Hazard Ratio (HR) for all-cause or cause-specific death in cancer patients with high socioeconomic position (SEP) compared to patients with low SEP
in the Nordic countries, by cancer site and country. Estimates on the left of HR = 1.00 favors high SEP. LG: low grade; HG: high grade; CIS: carcinoma in situ; (B)
Hazard Ratio (HR) for all-cause or cause-specific death in cancer patients with high socioeconomic position (SEP) compared to patients with low SEP in the Nordic
countries, by cancer site and country. Estimates on the left of HR = 1.00 favors high SEP. DLCBL: Diffuse large B-cell lymphoma; LOW: Low grade; AML: Acute mye-

loid leukemia; CML: Chronic myeloid leukemia; SCC: Squamous-cell carcinoma.

associated with survival across all cancer types, the mecha-
nisms behind this finding seem to differ according to cancer
type, probably related to differences in patient population
and aggressiveness of disease, both within and beyond the
Nordic countries.

Another mediating factor which might influence survival
and also be associated with SEP is quality of life (QOL), which
has been the subject of previous studies over the past
20years [120-122]. It has not so far been explored in the
Nordic countries, most likely because these studies are often
register-based and QOL data are not systematically collected
in registries. However, in a systematic review including 104
studies, the authors found that better pretreatment QOL was
associated with increased cancer survival [121]. Further,
another systematic review with 10,108 patients contributing
to independent patient data meta-analysis across cancer
types, found that QOL, sociodemographic and clinical factors
were strongly associated with survival in patients with can-
cer, although some QOL domains (appetite loss, fatigue,
physical function and pain) were more strongly associated
with survival than others and this again differed across can-
cer types [122]. Data was pooled from randomized clinical
trials, and lends strong support to the relevance of including
QOL when examining the intricate mechanisms involved in
inequality in cancer survival.

Strengths and limitations

SEP is a complex construct, and no single measure contains
all aspects [10]. In research examining health inequalities

according to SEP, previous studies have suggested that the
choice of SEP indicator may not be of substantial import-
ance, as they by large will show the same associations [11].
However, different indicators may reveal different strengths
of associations [10]. We included both SEP measured as edu-
cation and income, which are well recognized and frequently
used measurements of SEP. It varied only slightly which of
the two measures had the strongest association to the differ-
ent cancer outcomes, and studies using other SEP measures
have consistently found similar associations [121].

A strength of this study is that we included studies from
countries that have longstanding nationwide cancer registra-
tion. Further, information on vital status, education and
income in the Nordic countries is well documented at an indi-
vidual level, which minimizes misclassification substantially.
However, clinical data in the registries vary according to can-
cer type, and consequently so did the included studies in
terms of adjustment for covariates. Thus, not all of the studies
included details on stage at diagnosis, histology, comorbidity
and anticancer treatment. Consequently, the estimates pre-
sented in forest plots have not been consistently adjusted for
the same covariates, and direct comparisons may therefore be
hampered. Similarly, it may be considered a limitation that we
did assess publication bias in this systematic review, but most
included studies were large-scale, population-based and regis-
ter-based and in these study designs risk of publication bias is
generally considered to be low.

We only identified and included studies published from
2005-2021, but they contained patients diagnosed between
1977 and 2017, with the majority of patients diagnosed in
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the 2000s. As anticancer treatment has advanced vastly with
time, older study populations may be less relevant to current

clinical practice.

In this review several of the included studies reported
overall and not cancer-specific survival. With the inclusion of
overall survival as an outcome, we might capture other ele-
ments of socioeconomic inequality, as there is solid evidence
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that SEP is also associated with death from other causes
than cancer [123]. Finally, inequality in cancer includes more

aspects than could be the focus of this study, and especially

inequality in access to rehabilitation and end-of-life care
deserves enhanced attention [124]. It is likely that this aspect
would shed further light on the association between SEP and
survival in patients with cancer.
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Next steps

While we consistently found inequality in cancer stage at
diagnosis, anticancer treatment and survival for several can-
cer types in the Nordic countries, mechanisms behind these
differences remain largely unknown. This calls for further
research into what happens in the interaction between the
patient and the health care system. A qualitative study sug-
gests that the current health discourse might be less appro-
priate in groups of low SEP and fails to acknowledge the
distinct ways of engaging in health and illness prevention in
different socioeconomic groups [125]. Another qualitative
study investigating mechanisms in play in the clinical meet-
ing between the patient and the health professional found
that health professionals’ presumptions about patients’
resources influenced the communication [126]. Further,
Cultural Health Capital, Health Literacy, and QOL may be
constructs to explore further in terms of inequality. In particu-
lar, there is an urgent call for research that tests the effective-
ness of health care interventions to reduce inequality in cancer
outcomes. The well-documented socioeconomic inequality in
cancer demonstrated in this systematic review, suggests that a
focus on inequality should be incorporated into all cancer
research to avoid that development of new interventions are
designed in a way that they favor patients with a higher SEP,
disadvantaging patients with low SEP and thereby increasing
the gap. An increased focus on and prioritization of implemen-
tation research as an integrated part of research programs test-
ing clinical interventions may be a strategy to ensure equal
benefit for all patients regardless of SEP.

Conclusion

This systematic review of population-based Nordic studies
gives a comprehensive overview of the literature describing
socioeconomic inequality in cancer stage at diagnosis, anti-
cancer treatment and survival. With few exceptions, we found
worse outcomes for patients with low SEP across countries,
cancer types and outcomes. All cancer sites and outcomes
were, however, not represented equally in studies across the
countries, and only five cancer sites were examined for all
three outcomes (breast, prostate, lung, colorectal and Non-
Hodgkin lymphoma). Next steps in reducing socioeconomic
inequality in cancer should focus on strategies beyond equal
and free access to the health care system, and upscale efforts
in intervention and implementation research specifically tar-
geting socioeconomically vulnerable patient groups.
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