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Abstract
Background A persistent socioeconomic gap in colon cancer survival is observed in England. Provision of cancer care may also vary by socioeconomic status
(SES). We investigated population-based data to explore differential care by SES. 

Methods We analysed a retrospective cohort of patients diagnosed with colon cancer in England (2010–2013) using the national cancer registry data. We
examined potential factors associated with receipt of or time to resection and whether socioeconomic differences exist in these two outcomes using logistic
and linear regressions. Multiple imputation was used for missing stage, tumour grade and emergency presentation (EP).

Results A total of 68169 colon cancer patients were analysed. In the most a�uent group, 21.0% (3138/14917) had EP whereas 27.9% (2901/10386) in the
most deprived. Patients with higher age at diagnosis (80<) and higher number of comorbidities had more than twice the odds of not receiving resection
compared with the reference group (age <65, having no comorbidities). Contrary, patients with EP had approximately 40% reduced odds (adjusted odds ratio
0.61, 95% con�dence interval CI 0.58–0.64) of not receiving resection compared with those without EP. We observed no socioeconomic variation in the receipt
of resection in all stages. However, among a total of 45332 patients undergoing resection, the proportion of patients receiving urgent surgery (surgery before or
within seven days of diagnosis) was higher in the most deprived group (39.9%, 2685/6733) than the most a�uent (35.4%, 3595/10146, p <0.001). Days from
diagnosis to resection ranged from 33.9 (95% CI 33.1–34.8) in stage II to 38.2 (95% CI 36.8–39.7) in stage I, but no socioeconomic differences in time were
seen in all stages when patients were con�ned to those undergoing elective surgery (surgery more than seven days after diagnosis).

Conclusions Deprived groups tended to have higher proportions in EP and urgent surgery, which in part contributed to the apparent no socioeconomic
variation in receipt of resection for all patients, nor time to treatment for patients undergoing elective surgery shown in this study. Other steps in care to reduce
EP and urgent surgery should be considered to improve socioeconomic inequalities in colon cancer survival.

Introduction
Signi�cant improvements in the survival of cancer have been achieved over the last two decades owing to developments in early diagnosis and treatment.
However, inequalities in cancer survival remain both between and within countries [1]; survival varies by age [2], sex, ethnicity [3] and socioeconomic status
(SES) [4, 5]. Notably, socioeconomic inequalities in cancer survival have been observed in England despite the healthcare system based on universal health
coverage. Particularly, survival of colon cancer varies widely based on socioeconomic deprivation. For example, a 7 to 10% difference in one-year relative
survival for colon cancer has been reported in England between the most a�uent and the most deprived members of society [6].

England had approximately 23 000 new cases of colon cancer in 2017 (age-standardised incidence rate 51 in males and 40 in females per 100 000
population), making it the fourth most prevalent cancer that year [7]. Death from colon cancer accounted for 5.5% of all cancer deaths in England and Wales,
with the total number of deaths exceeding 8 000 in 2017 [8, 9]. Survival of colon cancer depends not only on patient and tumour factors such as age,
comorbidities and cancer stage, but also on how healthcare systems perform towards the patients. Timely and appropriate diagnosis and treatment, as well
as the assessment of comorbidities are critical. Generally, for most patients with colon cancer, resection of the primary tumour remains the �rst and essential
treatment.

The National Health Service (NHS) England has established several waiting time targets for colorectal cancer (CRC) care. Achievements in the waiting time
targets are high. In 2018/19, the two-week wait for a specialist consultation following an urgent referral was achieved for 92.0% and 89.6% of people for all
cancers and CRC, respectively [10]. In the same year, the 31-day wait target from diagnosis to the �rst treatment for all cancers and CRC was achieved in
96.8% and 97.3% of patients, respectively [10]. However, socioeconomic inequalities in survival remain and the variations in the utilisation of cancer care have
not been well investigated. Whether the receipt of and time to treatment affect the socioeconomic gap in survival is poorly understood.

Based on the hypothesis that the healthcare system may differentially affect cancer survival for various sub-populations of the patients, we aim to explore
socioeconomic variations in the receipt of major resection for the primary lesion and the time from diagnosis to resection for colon cancer in England. We
examined potential factors associated with receipt of or time to major resection and investigated whether socioeconomic differences exist within these two
outcomes.

Methods

Data
Residents of England, who were diagnosed with the �rst primary colon cancer between January 2010 and March 2013 and followed up until the end of 2014,
were included in the study. Inclusion criteria were colon cancer (coded by the International Classi�cation of Diseases tenth version: ICD-10 with C18 excluding
cancer of appendix) of any histological type and age at diagnosis of 15 to 99. Tis (carcinoma in situ) was excluded from the analysis. Vital status, SES, date
of birth, date of death, sex, tumour site (coded by ICD-10) and stage at diagnosis were obtained from the national cancer registry (O�ce for National Statistics:
ONS) in England. Cancer site was categorised into four groups: right-sided colon (the ascending colon, hepatic �exure and caecum), transverse colon (the
transverse colon and splenic �exure), left-sided colon (the descending and sigmoid colon) and overlapping or unspeci�ed colon. These data were linked to
Cancer Analysis System (CAS) data, National Bowel Cancer Audit (NBOCA) data and Hospital Episode Statistics (HES) data. Information on pathology
(histology and tumour grade) were extracted from CAS data and each categorised into two groups (adenocarcinoma and others: tumour grade G1, G2 and G3,
G4). Histology and tumour grade were included in the analysis to explore any biological variations among different SES groups. Information on the date of
clinical diagnosis and clinical staging were recorded in NBOCA data. Information on treatment (date and type of procedures coded by the O�ce of Population
Censuses and Surveys fourth version: OPCS-4, Classi�cation of Interventions and Procedures) and comorbidities were recorded in HES data.
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Information on stage (the �fth edition of the UICC TNM Classi�cation [11]) was derived through a restrictive approach using both the National Cancer Registry
and NBOCA data [12]. Emergency presentation before the �rst surgical treatment for the primary lesion (i.e. emergency presentation recorded at the time of
diagnosis or the time of the �rst treatment) was established from routes to diagnosis recorded in NBOCA data and supplemented by HES data [13]. The
primary source of data regarding the extraction of the date and type of operation procedure of the �rst major resection was NBOCA but supplementary
information was extracted from HES if NBOCA data did not contain a report on the operation. Data from NBOCA covered 82.0% of the total information on the
�rst major resection. Types of operation that were identi�ed as major resection for the primary lesion are: right hemicolectomy and extended right
hemicolectomy, transverse colectomy, left hemicolectomy, sigmoid colectomy, proctocolectomy, panproctocoletcomy, total colectomy, total excision of colon,
subtotal excision of colon +/- rectum, anterior resection, perineal resection and total exenteration of pelvis (see list of OPCS-4 codes in Additional �le 1).
Information on operation was extracted between 30 days prior to and 180 days after the date of diagnosis.

Seventeen comorbidities, de�ned in Charlson Index and obesity (body mass index: BMI > 30), which were recorded between �ve and zero years before the
diagnosis of colon cancer, were extracted from HES based on an algorithm developed by Maringe, Fowler, Rachet and Luque-Fernandez [14-16]. The
comorbidities were separately de�ned as chronic and acute comorbidities, based on their clinical relevance to the selection and timeliness of treatment for
colon cancer (e.g. invasive or less invasive treatment, curative or palliative treatment). Comorbidities that appeared on HES at least once between half a year
and �ve years before diagnosis were characterised as chronic comorbidities. Comorbidities that were recorded for the �rst time, between the date of diagnosis
and half a year before diagnosis were characterised as acute comorbidities.

Of the 17 comorbidities, ten comorbidities that imply an irreversible condition of vital organs (brain, heart, lung, liver, kidney, immune system or vascular
system) were selected as chronic comorbidities (see Additional �le 2). Obesity was included independently in the acute phase only (zero to half a year before
diagnosis) because BMI is a time-varying variable (i.e. reversible condition) and may confound with stage at diagnosis. Other 14 comorbidities were selected
as acute comorbidities. Unlike the Charlson Index, the comorbidities were just counted but not assigned a weight (see Additional �le 2).

Income domain of the Index of Multiple Deprivation (IMD 2010) quintile was used to derive information on the deprivation level of patients based on their
residence at the time of cancer diagnosis. This index is an ecological measure de�ned at lower-layer super output area level (1,500 inhabitants on average).

Analysis strategy
The �rst analysis explored socioeconomic differences in receipt of resection. To measure appropriate cancer care, the outcome in the �rst analysis was set as
whether a patient received major resection for the primary lesion (0 yes, 1 no), and logistic regression was used. The second analysis examined whether timely
cancer care was provided equally to all SES groups. The outcome in the second analysis was the number of days from diagnosis to surgical treatment (major
resection for the primary lesion), and linear regression was used.

A priori exposure was SES. In both analyses using logistic and linear regression, bivariable analyses with SES as a priori interest were �rst conducted to
assess the changes in the association between SES and outcome (i.e. the confounding effect of each variable). Each variable was also retained in the
multivariable analysis based on the Wald test (p < 0.05) of the bivariable analysis. The Wald test was used instead of the likelihood ratio test to account for
the uncertainty in imputed data [17]. Variables were �nally selected by backward elimination. A removed variable was added to the multivariable model again
as a confounder if a model with the variable changed the effect of SES (e.g. odds ratio: OR of the most deprived in the �rst analysis) by more than 10%. Age
group and sex were kept as a priori confounders and an interaction term between SES and stage was added as the main interest.

The main analyses were conducted with multiply imputed data because the critical information (stage, tumour grade and emergency presentation) was
missing. The stage was missing for 30.6% of the total cases, tumour grade for 24.2% and emergency presentation for 9.9%. These three variables and
histology (missing for less than 3%) were imputed 30 times using multiple imputations by chained equations after the mechanisms of missingness in all three
variables were examined to have missingness at random dependent on covariates and outcome [17]. For the imputation, the variables used were sex, age
group, cancer site, number of chronic and acute comorbidities, receipt of major resection, vital status, Nelson-Aalen estimator and government o�ce region.
The distributions of the imputed stage, histology, tumour grade and emergency presentation are shown in Additional �le 3. Results of the complete-case
analyses (i.e. without imputations) are shown in Additional �les 4 to 7.

In the second analysis, patients who received resection within seven days of diagnosis were de�ned as having received an urgent surgery and were excluded
from the analysis. We included patients who underwent elective surgery (i.e. received resection after eight days or more from diagnosis) only in the analysis
because undergoing an urgent surgery could mean that the patient did not receive an adequate assessment of cancer stage and comorbidities. The outcome
in days was log-transformed because the distribution of the days from diagnosis to treatment was right-skewed. After the log-transformation, the outcome
was normally distributed.

Results
A total of 68 169 patients were diagnosed with colon cancer between January 2010 and March 2013. Four patients were excluded because they did not have a
record on comorbidities in HES data. Over half of the patients were male (52.8%), and the median age at diagnosis was 74.1 years. Socioeconomic gradients
towards better �gures in the most a�uent group were noticeable in the proportion of patients with emergency presentation and the number of both chronic
and acute comorbidities (Table 1). There was no clear socioeconomic trend in stage distribution, histology and tumour grade, but the missingness in tumour
grade was higher in more deprived groups.
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When patients with or without major resection were compared, the percentage of those receiving resection was lower in more deprived groups than the most
a�uent group (68.0% in the most a�uent group, 64.8% in the most deprived). Median age at diagnosis was approximately �ve years higher among the
patients without resection. Approximately 90% of the patients with stage II or III cancer underwent major resection. Sex and emergency presentation did not
affect receipt of resection when not adjusted for other factors. A smaller proportion of patients underwent resection as the number of chronic and acute
comorbidities increased (Table 1).

Receipt of resection
All examined factors except histology were associated with receipt of major resection (Table 2). To show the overall change in the effect of SES, the adjusted
ORs of SES in Table 2 were based on a model without interaction between SES and stage. For other variables, adjusted ORs were based on the multivariable
model with interaction between SES and stage (�nal model). Age of 80+ had approximately three times the odds of not receiving resection compared with the
patients aged under 65 years after adjusting for other factors. Patients with an emergency presentation had an approximately 40% lower adjusted odds of not
receiving resection than those without an emergency presentation. Patients with an increased number of chronic and acute comorbidities had higher adjusted
odds of not receiving resection than those without comorbidities.

No factors in the bivariable analyses cancelled the socioeconomic gradient that favoured the most a�uent patients in the receipt of major resection. The
gradient was slightly weakened when stage was adjusted in the bivariable analysis. Chronic and acute comorbidities also weakened the gradient, but age
worsened it. The reduction in gradient made by acute comorbidities was smaller than that made by chronic comorbidities. Cancer site and emergency
presentation reduced the impact of SES on non-receipt of resection.

The multivariable analyses strati�ed on stage showed that the most deprived group had higher adjusted odds of not receiving resection for stages II and III
compared with the most a�uent group. However, for both stages, the �gures were not statistically signi�cant (Table 3). In other stages, the socioeconomic
gradient was weak and without a statistical signi�cance. Complete-case analyses showed similar trends (Additional �le 5).

Time from diagnosis to major resection for patients with elective surgery
Among the 45 332 patients (66.5% of the total) with colon cancer who received major resection, 13 574 patients underwent resection before the diagnosis (30
to zero days before the diagnosis) and 3 306 patients underwent resection within seven days of diagnosis. These patients (a total of 16 880, 37.2% of the
patients who received major resection) were removed from the analysis.

When the 16 880 patients with urgent surgery and the 28 452 with elective surgery were further compared, the percentage of those undergoing urgent surgery
was higher in the deprived groups than the most a�uent group (Table 4, 35.4% in the most a�uent group, 39.9% in the most deprived, p < 0.001). Additional
analysis revealed that the socioeconomic gradient in those with urgent surgery was largely confounded by emergency presentation. Of the patients who had
an emergency presentation, 4 574 (29.6%) had stage IV cancer.

When the 31-day waiting time target for receipt of treatment (de�ned here as a resection of the primary lesion) was compared, the target time was achieved
more in the deprived groups (Table 4, 59.7% in the most a�uent group, 63.6% in the most deprived, p < 0.001). This paradoxical association remained when
the achievement in the time target was compared among the patients undergoing elective surgery only; however, the absolute difference between the most
a�uent and the most deprived groups dropped from 3.9% to 1.9% (Table 4).

In the bivariable analysis excluding the 16 880 patients with urgent surgery, there was no evidence that the number of days from diagnosis to treatment
differed by SES. The mean days from diagnosis to treatment was 36.3 (95% CI 35.8, 36.8) in the most a�uent patients as a reference group (geometric mean
of days, reference meaning ‘intercept’ days in bivariable analysis, Table 5).

All factors except the year of diagnosis and presence of obesity were associated with time to treatment. Histological type, emergency presentation and the
number of comorbidities in�uenced the time to treatment to a relatively large magnitude.

When adjusted for all other variables, females had a 3% shorter time from diagnosis to treatment than males. In the bivariable analysis, age was associated
with time to treatment in a quadratic term, but in the multivariable analysis the association was linear rather than quadratic (p = 0.43, likelihood ratio test
comparing quadratic and linear terms in complete cases) or categorised group. For every 10-year increase in age from the mean of 72.6, the number of days
increased by 2% (β as a coe�cient, eβ 1.02 in multivariable regression). The histological type of non-adenocarcinoma and left-sided colon was associated
with a longer time interval to resection. The increase in time to treatment was approximately 13 to 16% depending on the differences in each factor. Patients
with stages II, III and IV had approximately 10% shorter time interval than those with stage I cancer.  With an emergency presentation, time from diagnosis to
treatment was shortened by approximately 13% despite the exclusion of patients undergoing urgent surgery within seven days of diagnosis. The presence of
both chronic and acute comorbidities also contributed to an up to approximately 15% increase in the time interval to treatment.

Stage-speci�c ratios of time to treatment by SES group are displayed in Table 6. The mean number of days from diagnosis to treatment in the reference group
(the most a�uent group) are also shown by each stage, derived by multivariable models with interaction between SES and stage. The mean days from
diagnosis to treatment in the reference group ranged from 33.9 for stage II to 38.2 for stage I after adjusting for all other factors, but the number of days did
not differ by SES for all stages. There was no evidence of a socioeconomic trend in time to treatment in the complete-case analyses.

Discussion
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Summary of �ndings and interpretation
We observed a socioeconomic trend in the receipt of major resection favouring the most a�uent patients for stages II and III cancer but it was not statistically
signi�cant (p > 0.05). Patients with older age, left-sided colon, non-adenocarcinoma, a higher number of comorbidities and non-obese groups had higher odds
of not undergoing resection when compared with the reference group. Patients with emergency presentation had approximately 40% lower odds of not
receiving resection.

We also found that the percentage of patients undergoing urgent surgery was higher in the deprived groups than in the most a�uent group; seemingly, the
waiting time target of providing treatment within 31 days of diagnosis was achieved more in the deprived groups. The mean time to surgical treatment was
approximately 38 days when the patients undergoing urgent surgery were removed. No socioeconomic disparities were observed for the time to treatment
when patients were con�ned to those undergoing elective surgery. Patients with non-adenocarcinoma or having 2+ comorbidities experienced a longer time to
treatment than patients with adenocarcinoma or those with no comorbidities.

There were no clear socioeconomic differences in the receipt of major resection. However, cautious interpretation is needed. Among patients with stage I or IV
cancer, not undergoing major resection does not necessarily mean inappropriate care. For some patients with stage I cancer, having only an endoscopic
resection (e.g. endoscopic mucosal resection or endoscopic submucosal dissection) alone can be a su�cient treatment option intending cure. There was no
information on whether the stage I patients had unfavourable histological �ndings, and data regarding why major resection was not performed were mostly
missing. Similarly, for patients with stage IV, there was little information on why major resection was not performed. In stage IV, indication for the major
resection of the primary lesion largely depends on clinical factors (e.g. performance status, the severity of obstruction or bleeding symptoms, whether the
patient reacted to chemotherapy aiming conversion therapy and the extent of metastasis to other organs) that are not fully captured in the population data.
Neither palliative nor curative intent was clear among the patients with stage IV cancer. Misclassi�cation of the outcome could occur because of the
aforementioned reasons. At this point, therefore, the results may only be interpreted with certainty for patients with stage II or III cancer, who have the potential
to be cured if treated appropriately.

As the cancer locates more distal, the odds of not receiving resection increased. For some reason, right-sided colon cancers were selected for resection. One
potential reason is that the patients with more distal cancer may be diagnosed with more obvious symptoms such as obstruction. These patients may have
died immediately after the diagnosis, before undergoing resection. Similarly, patients with higher tumour grades (G3/G4) may have died before resection
because their tumours were more aggressive than those of lower grades (G1/G2). While patients with 2+ chronic comorbidities had more than three times
higher odds of not undergoing resection compared with those without chronic comorbidities, patients with 2+ acute comorbidities had only twice the odds of
not receiving resection compared with those without acute comorbidities. Chronic comorbidities, which we con�ned to ten comorbidities with irreversible
damages of vital organs, may have affected the decisions regarding treatment more importantly than the acute comorbidities. Instead, patients with a higher
number of chronic comorbidities might be more likely to die before resection. This situation may also imply that current care lacks proper guidelines for the
simultaneous management of chronic multimorbidity [18]. Another possible explanation is that patients with a larger number of acute comorbidities rather
re�ect the receipt of appropriate care. They may have received thorough screenings for other diseases, such as underlying cancer, and were therefore
diagnosed and operated for the colon cancer.

Regarding time to treatment, we found no socioeconomic variations in the number of days from diagnosis to resection for all stages when patients were
restricted to those with elective surgery. Socioeconomic differences in time to treatment have been investigated in many other studies [19-26]. However, the
reported outcome varies by study (e.g. outcomes shown in days, hazard ratios or odds ratios at a certain cut-off-time). The de�nition of the treatment (e.g. any
treatment, major resection only, chemotherapy or radiotherapy) also differs by study. As in line with the previous reviews on time to treatment [27, 28], there is
a wide diversity in the de�nition of ‘delay’.

Our study demonstrated that one of the waiting time targets, providing treatment within 31 days of diagnosis, was achieved in higher proportions among the
deprived groups as with a larger proportion of more deprived patients undergoing urgent surgery. Considering that the presence of emergency presentation
confounded urgent surgery, achievement in the waiting time target may not necessarily re�ect a high quality of cancer care.

One systematic review identi�ed an equivocal association between time to treatment and survival [27]. We did not examine this association in the present
study. However, like a previous report [29], persistent socioeconomic inequalities in survival, alongside our �ndings of no socioeconomic variation in time to
treatment for patients with elective surgery, may suggest that achieving some waiting time targets is not related to better survival. Rather, a noteworthy point in
assessing colon cancer care might be the high number of deprived patients experiencing emergency presentation and urgent surgery. It is known that health-
seeking behaviours, screening uptake and access barriers to healthcare may in�uence emergency presentation [28, 30]. Some up-stream factors are not easily
modi�able but improving access to healthcare system may reduce the emergency presentation. Evidence suggests that emergency presentation is low in
screening participants [31] and that screening uptake is low amongst deprived groups [32]. The situation observed here might be because of the ‘inverse equity
law’ [33]. Low screening uptake in the deprived groups may be partly attributable to the high emergency presentation amongst the population and,
subsequently, to poorer survival [34, 35]. Another potential barrier in healthcare access could be quality postoperative care. Deprived groups tend to have worse
short-term postoperative mortality [36, 37]. However, when provided care was equalised for all SES groups, a socioeconomic gap in survival was not observed
[38]. These �ndings support our hypothesis that the survival gap may be partly explained by access inequalities in cancer care, particularly the postoperative
care. Deprived patients may be referred to hospitals with less specialised or less experienced doctors and may therefore suffer from poorer survival. Future
studies should focus on identifying the bottleneck of care through decomposing patient pathways to modify access inequalities.

Strength and limitations
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The strength of our study is that, through the use of the national cancer registry data linked with clinical information from HES, we provided an overall picture
of how patient factors (age, sex and comorbidities) and tumour factors (site, stage, histology and tumour grade) interacts with the performance of healthcare
system at the national level. Our analyses also included crucial tumour factors, i.e. not only stage but also histology and tumour grades. One limitation is that
the difference by SES for some histological types (mucinous, signet-cell carcinoma versus other adenocarcinomas) was not explored. This was because the
majority were recorded without detailed histological information (i.e. recorded as adenocarcinoma), and 12.6% of the total cases were recorded as having
neoplasm or carcinoma. Patients with histological types of neoplasm or carcinoma were grouped into patients with adenocarcinoma under the assumption
that the majority of the colon cancer cases are likely to have adenocarcinoma. Thus, misclassi�cation may exist.

For the �rst analysis, other potential outcomes that may re�ect the performance of a healthcare system are the percentage of patients who received major
resection for curative intent, the number of lymph nodes yielded, postoperative complications or failure-to-rescue rate [25, 39-45]. These measures were not
used because the missingness was substantial for those outcomes.

When analysing time to treatment, patients who received urgent surgery were removed. The urgent surgery was de�ned as an operation performed within
seven days of diagnosis. This cut-off in days may be arbitrary, but while the patients receiving resection within three days of diagnosis exceeded 29% of those
who received resection, only 2.1% underwent resection four to seven days from the date of diagnosis. Therefore, the cut-off of the number of days with which
an urgent surgery is de�ned is considered to make little change in the results.

Another limitation is that our study did not consider random effects due to a 10% missingness in hospital information. Both receipt of resection and time to
treatment may be affected by differences in patient characteristics, which are also likely to vary among hospitals.

Although there was no socioeconomic difference in the time from diagnosis to treatment, the time from recognition of symptoms to diagnosis could be longer
in the deprived groups due to differences in health-seeking behaviour. Time to diagnosis, otherwise called the ‘appraisal interval’ and ‘help-seeking interval’
[28], was not incorporated in our analysis. These time lengths may differ by SES and could lead to socioeconomic inequalities in survival.

Implication for cancer policy
We found no socioeconomic differences in the receipt of resection for all patients with colon cancer. However, a more substantial proportion of patients in the
deprived groups seemed to have undergone emergency presentation and urgent surgery than the most a�uent group. The paradox for observing no
socioeconomic variation in receiving resection is that the emergency presentation worked protective against the failure to receive resection. The presence of
emergency presentation also worked positively for achieving the waiting time target of treatment within 31 days of diagnosis. Time from diagnosis to
treatment was equally distributed among different SES groups only if patients were limited to those with elective surgery. Identi�cation of other potential
reasons for survival inequalities is needed, particularly focusing on what happens before and after patients receive resection. Examples include an
investigation into access before diagnosis to reduce high emergency presentation and urgent operation, an assessment of the quality of postoperative care by
SES, such as an exploration of complication rates or failure-to-rescue rates by SES, and inspection of within and between-hospital variations in these
outcomes. Further evaluation of the receipt of treatment, such as differences in the receipt of chemotherapy and radiotherapy by SES, may also be worth
investigating.

Conclusions
Major resection for the primary lesion seems to be equally provided for different SES groups. Among the patients with major resection, 62.8% received elective
surgery. When con�ned to those with elective surgery, there was no difference in the time from diagnosis to resection. However, the higher percentage of
deprived patients with emergency presentation and urgent resection suggests that the initial steps of cancer care, diagnosis and �rst treatment maybe not
equally accessed by different SES groups. Other potential causes should be sought to disentangle the mechanisms of socioeconomic inequalities in colon
cancer survival.

Abbreviations
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BMI body mass index

CAS Cancer Analysis System

CRC colorectal cancer

HES Hospital Episode Statistics

ICD-10 International Classi�cation of Diseases tenth version

IMD Index of Multiple Deprivation

NBOCA National Bowel Cancer Audit

NHS National Health Service

ONS O�ce for National Statistics

OPCS-4 O�ce of Population Censuses and Surveys fourth version

OR odds ratio

SES socioeconomic status
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    SES Major
resection

No major
resection

  Total 1 (a�uent) 2 3 4 5
(deprived)

Total number 68 169
(100.0)

14 917
(21.9)

15 112
(22.2)

14 339
(21.0)

13 415
(19.7)

10 386
(15.2)

45 332
(66.5)

22 837 (33.5)

SES (%)

1 (a�uent)             10 146
(68.0)

4 771 (32.0)

2             10 197
(67.5)

4 915 (32.5)

3             9 520 (66.4) 4 819 (33.6)

4             8 736 (65.1) 4 679 (34.9)

5 (deprived)             6 733 (64.8) 3 653 (35.2)

Median age at
diagnosis

74.1 73.7 74.3 74.3 74.3 73.4 72.7 77.6

(IQR) (65.3–
81.5)

(65.3–
81.0)

(65.6–81.7) (65.7–81.8) (65.2–81.7) (64.1–81.1) (64.3–79.6) (67.5–85.1)

Sex (%)

Male 36 019 (52.8) 8 042 (53.9) 8 074 (53.4) 7 496 (52.3) 6 943 (51.8) 5 464
(52.6)

23 959
(66.5)

12 060 (33.5)

Female 32 150 (47.2) 6 875 (46.1) 7 038 (46.6) 6 843 (47.7) 6 472 (48.2) 4 922
(47.4)

21 373
(66.5)

10 777 (33.5)

Year of diagnosis (%)

2010 20 672 (30.3) 4 409 (29.6) 4 643 (30.7) 4 449 (31.0) 4 027 (30.0) 3 144
(30.3)

13 929
(67.4)

6 743 (32.6)

2011 21 191 (31.1) 4 699 (31.5) 4 687 (31) 4 456 (31.1) 4 177 (31.1) 3 172
(30.5)

14 099
(66.5)

7 092 (33.5)

2012 21 213 (31.1) 4 647 (31.2) 4 670 (30.9) 4 383 (30.6) 4 198 (31.3) 3 315
(31.9)

14 018
(66.1)

7 195 (33.9)

2013 5 093 (7.5) 1 162 (7.8) 1 112 (7.4) 1 051 (7.3) 1 013 (7.6) 755 (7.3) 3 286 (64.5) 1 807 (35.5)

Cancer site (%)

Right-sided colon 27 616 (40.5) 6 104 (40.9) 6 054 (40.1) 5 824 (40.6) 5 445 (40.6) 4 189
(40.3)

20 060
(72.6)

7 556 (27.4)

Transverse colon 7 984 (11.7) 1 752 (11.7) 1 776 (11.8) 1 707 (11.9) 1 590 (11.9) 1 159
(11.2)

5 802 (72.7) 2 182 (27.3)

Left-sided colon 26 887 (39.4) 5 923 (39.7) 5 995 (39.7) 5 679 (39.6) 5 246 (39.1) 4 044
(38.9)

17 620
(65.5)

9 267 (34.5)

Overlapping or
unspeci�ed

5 682 (8.3) 1 138 (7.6) 1 287 (8.5) 1 129 (7.9) 1 134 (8.5) 994 (9.6) 1 850 (32.6) 3 832 (67.4)

Stage at diagnosis
(%)

               

I 5 812 (8.5) 1 359 (9.1) 1 274 (8.4) 1 242 (8.7) 1 089 (8.1) 848 (8.2) 4 458 (76.7) 1 354 (23.3)

II 13 440 (19.7) 2 979 (20) 3 041 (20.1) 2 789 (19.5) 2 577 (19.2) 2 054
(19.8)

12 487
(92.9)

953 (7.1)

III 12 595 (18.5) 2 793 (18.7) 2 813 (18.6) 2 598 (18.1) 2 442 (18.2) 1 949
(18.8)

11 273
(89.5)

1 322 (10.5)

IV 15 445 (22.7) 3 270 (21.9) 3 352 (22.2) 3 236 (22.6) 3 186 (23.8) 2 401
(23.1)

6 051 (39.2) 9 394 (60.8)

Missing 20 877 (30.6) 4 516 (30.3) 4 632 (30.7) 4 474 (31.2) 4 121 (30.7) 3 134
(30.2)

11 063
(53.0)

9 814 (47.0)

                           

 

Continued from Table 1
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    SES Major
resection

No major
resection

  Total 1 (a�uent) 2 3 4 5 (deprived)

Histology (%)

Adenocarcinoma 66 024
(96.9)

14 413
(96.6)

14 635
(96.8)

13 858
(96.7)

13 035
(97.2)

10 083
(97.1)

44 003 (66.7) 22 021 (33.4)

Non-
adenocarcinoma

565 (0.8) 116 (0.8) 128 (0.9) 120 (0.8) 105 (0.8) 96 (0.9) 346 (61.2) 219 (38.8)

Missing 1 580 (2.3) 388 (2.6) 349 (2.3) 361 (2.5) 275 (2.1) 207 (2.0) 983 (62.2) 597 (37.8)

Tumour grade (%)

G1, G2 41 998
(61.6)

9 472 (63.5) 9 449 (62.5) 8 758 (61.1) 8 100 (60.4) 6 219 (59.9) 34 231 (81.5) 7 767 (18.5)

G3, G4 9 655 (14.2) 2 221 (14.9) 2 142 (14.2) 2 081 (14.5) 1 811 (13.5) 1 400 (13.5) 7 633 (79.1) 2 022 (20.9)

Missing 16 516
(24.2)

3 224 (21.6) 3 521 (23.3) 3 500 (24.4) 3 504 (26.1) 2 767 (26.6) 3 468 (21.0) 13 048 (79.0)

Emergency presentation (%)

No 45 320
(66.5)

10 289
(69.0)

10 216
(67.6)

9 678 (67.5) 8 705 (64.9) 6 432 (61.9) 33 202 (73.3) 12 118 (26.7)

Yes 16 122
(23.7)

3 138 (21.0) 3 368 (22.3) 3 329 (23.2) 3 386 (25.2) 2 901 (27.9) 11 840 (73.4) 4 282 (26.6)

Missing 6 727 (9.9) 1 490 (10.0) 1 528 (10.1) 1 332 (9.3) 1 324 (9.9) 1 053 (10.1) 290 (4.3) 6 437 (95.7)

Number of chronic comorbidities (%)

0 58 323
(85.6)

13 155
(88.2)

13 086
(86.6)

12 330
(86.0)

11 292
(84.2)

8 460 (81.5) 39 959 (68.5) 18 364 (31.5)

1 7 849 (11.5) 1 468 (9.8) 1 628 (10.8) 1 597 (11.1) 1 674 (12.5) 1 482 (14.3) 4 568 (58.2) 3 281 (41.8)

2+ 1 993 (2.9) 292 (2.0) 398 (2.6) 412 (2.9) 447 (3.3) 444 (4.3) 805 (40.4) 1 188 (59.6)

Number of acute comorbidities (%)

0 56534
(82.9)

12 767
(85.6)

12 716
(84.2)

11 917
(83.1)

10 925
(81.5)

8 209 (79) 38 371 (67.9) 18 163 (32.1)

1 9 565 (14) 1792 (12.0) 2 010 (13.3) 2 013 (14.0) 2 018 (15.1) 1 732 (16.7) 5 920 (61.9) 3 645 (38.1)

2+ 2 066 (3) 356 (2.4) 386 (2.6) 409 (2.9) 470 (3.5) 445 (4.3) 1 041 (50.4) 1 025 (49.6)

Obesity at diagnosis (%)

No 67 194
(98.6)

14 776
(99.1)

14 930
(98.8)

14 111
(98.4)

13 185
(98.3)

10 192
(98.1)

44 609 (66.4) 22 585 (33.6)

Yes 971 (1.4) 139 (0.9) 182 (1.2) 228 (1.6) 228 (1.7) 194 (1.9) 723 (74.5) 248 (25.5)

Abbreviations: G, tumour grade; IQR, interquartile range; SES, socioeconomic status.

 

 

Table 2 Odds ratios of not receiving major resection by logistic regression, imputed data (n=68 165)



Page 12/18

  Bivariable analysis Multivariable analysis

  OR* 95% CI p-value† Adjusted OR** 95% CI p-value†

SES

1 (a�uent) Reference   <0.001‡ Reference   0.013‡

2 1.03 (0.98–1.08) 0.98 (0.92–1.04)

3 1.08 (1.03–1.13) 1.01 (0.95–1.07)

4 1.14 (1.08–1.20) 1.04 (0.98–1.11)

5 (deprived) 1.15 (1.09–1.22) 1.07 (1.00–1.15)

Sex

Male Reference   0.99 Reference   0.008

Female 1.00 (0.97–1.03) 0.94 (0.90–0.98)

Age group

<65 Reference   <0.001‡ Reference   <0.001‡

65 to 80 1.01 (0.97–1.05) 1.09 (1.04–1.15)

80< 2.43 (2.32–2.54) 3.17 (2.98–3.36)

Year of diagnosis

2010 Reference     Reference    

2011 1.04 (1.00–1.08) 0.06 1.17 (1.10–1.23) <0.001

2012 1.06 (1.02–1.10) 0.004 1.29 (1.22–1.36) <0.001

2013 1.14 (1.07–1.21) <0.001 1.40 (1.29–1.52) <0.001

Cancer site#

Right-sided colon Reference     Reference    

Transverse colon 1.00 (0.94–1.06) 0.96 1.11 (1.04–1.19) 0.003

Left-sided colon 1.40 (1.35–1.45) <0.001 1.89 (1.80–1.98) <0.001

Overlapping or unspeci�ed 5.49 (5.17–5.84) <0.001 4.73 (4.36–5.13) <0.001

Stage at diagnosis (imputed)

I Reference   <0.001‡ Reference   <0.001‡

II 0.24 (0.22–0.26) 0.22 (0.18–0.27)

III 0.35 (0.32–0.39) 0.33 (0.28–0.40)

IV 4.26 (3.99–4.55) 4.77 (4.14–5.50)

Continued from Table 2
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  Bivariable analysis Multivariable analysis

  OR* 95% CI p-value† Adjusted OR** 95% CI p-value†

Histology (imputed)

Adenocarcinoma Reference   0.007      

Non-adenocarcinoma 1.26 (1.07–1.50)    

Tumour grade (imputed)

G1, G2 Reference   <0.001 Reference   <0.001

G3, G4 1.54 (1.46–1.63) 1.23 (1.15–1.33)

Emergency presentation (imputed)

No Reference   <0.001 Reference   <0.001

Yes 1.09 (1.05–1.14) 0.61 (0.58–0.64)

Number of chronic comorbidities

0 Reference   <0.001‡ Reference   <0.001‡

1 1.55 (1.48–1.63) 1.61 (1.51–1.71)

2+ 3.18 (2.90–3.48) 3.84 (3.39–4.35)

Number of acute comorbidities

0 Reference   <0.001‡ Reference   <0.001‡

1 1.29 (1.24–1.35) 1.28 (1.20–1.36)

2+ 2.06 (1.89–2.25) 2.04 (1.80–2.31)

Obesity at diagnosis

No Reference   <0.001 Reference   0.001

Yes 0.67 (0.58–0.77) 0.73 (0.61–0.88)

Abbreviations: 95% CI, 95% con�dence interval; OR, odds ratio; SES, socioeconomic status. * Adjusted for SES in all variables. ** All variables are mutually
adjusted. For SES only, adjusted ORs are shown without interaction between SES and stage. For other variables, interaction between SES and stage is
adjusted. # Right-sided colon includes the ascending colon, hepatic �exure and caecum. Transverse colon includes the transverse colon and splenic �exure.
Left-sided colon includes the descending colon and sigmoid colon. † P-value of Wald test. ‡ P-value of Wald test for trend.

 

Table 3 Adjusted stage-speci�c odds ratios of not receiving major resection, imputed data (n=68 165)
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  Adjusted OR 95% CI p-value

Stage I

SES 1 (a�uent) Reference   0.41

2 0.89 (0.75–1.04)

3 0.99 (0.84–1.17)

4 1.03 (0.87–1.22)

5 (deprived) 1.01 (0.84–1.22)

Stage II

SES 1 Reference   0.15

2 0.96 (0.79–1.17)

3 1.01 (0.84–1.21)

4 1.08 (0.91–1.29)

5 1.10 (0.90–1.35)

Stage III

SES 1 Reference   0.06

2 1.03 (0.87–1.22)

3 1.02 (0.87–1.20)

4 1.13 (0.95–1.33)

5 1.15 (0.97–1.37)

Stage IV

SES 1 Reference   0.40

2 1.00 (0.91–1.10)

3 1.01 (0.92–1.11)

4 1.00 (0.91–1.10)

5 1.06 (0.95–1.17)

Interaction between SES and stage is added to the multivariable logistic regression model. Abbreviations: 95% CI, 95% con�dence interval; OR, odds ratio; SES,
socioeconomic status. All p-values are of Wald test for trend. Adjusted for sex, age, year of diagnosis, site, tumour grade§, emergency presentation§, number of
chronic and acute comorbidities and obesity (§: multiply imputed).

 

Table 4 Percentage of patients comparing elective/urgent surgery and with resection within/more than 31 days by SES
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    SES p-value

  Total (%) 1 2 3 4 5  

(a�uent) (deprived)

Received elective or urgent surgery

Elective 28 452 6 551 6 565 5 966 5 322 4 048 <0.001

  (62.8) (64.6) (64.4) (62.7) (60.9) (60.1)

Urgent 16 880 3 595 3 632 3 554 3414 2 685

  (37.2) (35.4) (35.6) (37.3) (39.1) (39.9)

Received resection for the primary lesion within 31 days of diagnosis

within 31 days 27 436 6 058 6 008 5 720 5 365 4 285 <0.001

  (60.5) (59.7) (58.9) (60.1) (61.4) (63.6)

more than 31 days 17 896 4 088 4 189 3 800 3 371 2 448

  (39.5) (40.3) (41.1) (39.9) (38.6) (36.4)

Received resection for the primary lesion within 31 days of diagnosis for patients with elective surgery only

within 31 days 10 556 2 463 2 376 2 166 1 951 1 600 0.004

  (37.1) (37.6) (36.2) (36.3) (36.7) (39.5)

more than 31 days 17 896 4 088 4 189 3 800 3 371 2 448

  (62.9) (62.4) (63.8) (63.7) (63.3) (60.5)

Abbreviations: SES, socioeconomic status. P-value of chi square test for trend.

 

Table 5 Reference number of days and ratios for time from diagnosis to major resection
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  Bivariable analysis Multivariable analysis

  eβ 95% CI p-value† Adjusted eβ 95% CI p-value†

SES

Reference (geometric mean) days in SES 1 36.3 (35.8–36.8)   38.3 (37.3–39.2)  

1 (a�uent) Reference   0.98‡ Reference   0.49‡

2 1.01 (0.99–1.02) 1.00 (0.98–1.02)

3 1.01 (0.99–1.03) 1.01 (0.99–1.03)

4 1.02 (1.00–1.04) 1.02 (1.00–1.04)

5 (deprived) 0.99 (0.97–1.01) 0.99 (0.97–1.02)

Sex

Male Reference   <0.001 Reference   <0.001

Female 0.96 (0.95–0.97) 0.97 (0.96–0.98)

Age group

Median age at diagnosis 72.6          

Age as linear (every +10 years) 1.01 (1.01–1.02) <0.001 1.02 (1.01–1.03) <0.001

Age as quadratic term ††   <0.001†† ††   NA

Year of diagnosis

2010 Reference          

2011 1.01 (1.00–1.03) 0.16      

2012 1.00 (0.98–1.01) 0.81      

2013 1.01 (0.98–1.04) 0.48      

Cancer site

Right-sided colon Reference     Reference    

Transverse colon 1.00 (0.98–1.02) 0.78 1.00 (0.98–1.02) 0.88

Left-sided colon 1.14 (1.12–1.15) <0.001 1.13 (1.11–1.14) <0.001

Overlapping or unspeci�ed 1.09 (1.05–1.13) <0.001 1.09 (1.05–1.13) <0.001

Stage at diagnosis (imputed)

I Reference   <0.001‡ Reference   0.06‡

II 0.87 (0.85–0.89) 0.89 (0.85–0.93)

III 0.88 (0.86–0.90) 0.91 (0.87–0.96)

IV 0.89 (0.86–0.91) 0.93 (0.88–0.98)

 

Continued from Table 5
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  Bivariable analysis Multivariable analysis

  eβ 95% CI p-value† Adjusted eβ 95% CI p-value†

Histology (imputed)

Adenocarcinoma Reference   0.04 Reference   0.001

Non-adenocarcinoma 1.10 (1.01–1.20) 1.16 (1.07–1.27)

Tumour grade (imputed)

G1, G2 Reference   <0.001 Reference   <0.001

G3, G4 0.93 (0.91–0.95) 0.97 (0.95–0.98)

Emergency presentation (imputed)

No Reference   <0.001 Reference   <0.001

Yes 0.87 (0.85–0.88) 0.87 (0.85–0.89)

Number of chronic comorbidities

0 Reference   <0.001‡ Reference   <0.001‡

1 1.06 (1.04–1.09) 1.07 (1.04–1.09)

2+ 1.13 (1.07–1.19) 1.14 (1.08–1.20)

Number of acute comorbidities

0 Reference   <0.001‡ Reference   <0.001‡

1 1.03 (1.01–1.05) 1.05 (1.02–1.07)

2+ 1.11 (1.05–1.18) 1.16 (1.09–1.22)

Obesity at diagnosis

No Reference   0.05      

Yes 1.07 (1.00–1.14)    

The linear regression model includes patients with elective surgery only using multiply imputed data (n=28 452). Abbreviations: 95% CI, 95% con�dence
interval; NA, not applicable; SD, standard deviation; SES, socioeconomic status. * Adjusted for SES in all variables. ** All variables are mutually adjusted. For
SES only, days and adjusted ratios are shown without interaction between SES and stage. For other variables, interaction between SES and stage is adjusted.
# Right-sided colon includes the ascending colon, hepatic �exure and caecum. Transverse colon includes the transverse colon and splenic �exure. Left-sided
colon includes the descending colon and sigmoid colon. † P-value of the null hypothesis that the coe�cient (β) is 0 (eβ=1) when all other variables were set at
the reference group. ‡ P-value of Wald test for trend. †† When age is put as a quadratic term, in bivariable analysis, log(days) is derived from α(constant) +
β1(0 in SES=1) + β2(age−mean age) + β3(age−mean age)2.
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  Adjusted ratio 95% CI p-value

Stage I

Reference days in SES 1 38.2 (36.8–39.7)  

SES 1 (a�uent) Reference   0.25

2 1.00 (0.95–1.05)

3 1.01 (0.96–1.07)

4 1.01 (0.95–1.06)

5 (deprived) 1.04 (0.97–1.10)

Stage II

Reference days in SES 1 33.9 (33.1–34.8)  

SES 1 Reference   0.64

2 1.02 (0.98–1.05)

3 1.03 (1.00–1.07)

4 1.04 (1.00–1.08)

5 0.99 (0.95–1.03)

Stage III

Reference days in SES 1 34.9 (33.9–36.0)  

SES 1 Reference   0.62

2 0.98 (0.95–1.02)

3 1.00 (0.97–1.04)

4 1.01 (0.97–1.05)

5 1.00 (0.96–1.04)

Stage IV

Reference days in SES 1 35.5 (34.1–37.0)  

SES 1 Reference   0.30

2 1.02 (0.97–1.08)

3 0.99 (0.93–1.05)

4 1.03 (0.97–1.09)

5 0.95 (0.90–1.01)

Interaction between SES and stage is added to the multivariable linear regression model. The multiply imputed data include patients with elective surgery only
(n=28 452). Abbreviations: 95% CI, 95% con�dence interval; SES, socioeconomic status. All p-values are of Wald test for trend. Adjusted for sex, age, site,
histology§, tumour grade§, emergency presentation§, number of chronic and acute comorbidities (§: multiply imputed).
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