
Vol:.(1234567890)

International Journal of Clinical Oncology (2019) 24:1582–1587
https://doi.org/10.1007/s10147-019-01497-9

1 3

ORIGINAL ARTICLE 

Outcomes of non‑metastatic colon cancer patients in relationship 
to socioeconomic status: an analysis of SEER census tract‑level 
socioeconomic database

Omar Abdel‑Rahman1 

Received: 12 March 2019 / Accepted: 19 June 2019 / Published online: 25 June 2019 
© Japan Society of Clinical Oncology 2019

Abstract
Objective  To evaluate the outcomes of non-metastatic colon cancer patients in relation to the socioeconomic status (SES) 
at diagnosis based on the Surveillance, Epidemiology, and End Results (SEER) census tract level-SES database.
Methods  SEER SES census tract level database represents a specially designed database to integrate different aspects of 
SES among cancer patients. It reports a composite SES index for each patient. Patients were then stratified into three SES 
groups. Patients with a non-metastatic colon cancer diagnosis, diagnosed (2004–2015), and who were included in this spe-
cialized database were included in the current study. Multivariate Cox regression analysis was used to assess the impact of 
SES index on colon cancer-specific survival.
Results  A total of 80,121 patients with non-metastatic colon cancer were included in the current study. Comparing patients 
in the lower SES group with patients in the higher SES group, patients with lower SES were more likely to have a younger 
age at presentation (P < 0.001), black race (P < 0.001) and more advanced stage at presentation (P < 0.001). The impact of 
the SES on colon cancer-specific survival was evaluated through multivariate Cox regression analysis adjusted for age, sex, 
race, stage, and colon cancer side. Lower SES was associated with worse colon cancer-specific survival (hazard ratio for 
group 1 versus group 3: 1.257; 1.190–1.328; P < 0.001). Interaction testing between race (black race versus white race) and 
SES was non-significant (P = 0.932).
Conclusions  Lower SES is associated with worse colon cancer-specific survival among non-metastatic colon cancer patients.
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Introduction

Socioeconomic status (SES) is an umbrella term that 
encompasses a host of aspects including educational status, 
income, house value as well as employment status [1, 2]. 
Each of these factors has been shown to have a tremendous 
impact on the health status of individuals [3].

Interaction of these factors with cancer outcomes (includ-
ing colon cancer outcomes) has been evaluated in numer-
ous studies [4, 5]. However, the lack of a standardized tool 
to qualify and quantify SES has been a weakness of many 
of these studies. Moreover, some of these studies relate to 

patients treated with outdated suboptimal treatments (by cur-
rent standards).

Surveillance, Epidemiology, and End Results (SEER) 
database has long been the benchmark of population-based 
cancer registries. However, SES data within the SEER 
database were reported in a non-standardized way and each 
dimension of SES was reported separately (i.e. income, 
educational level, etc.). To overcome this limitation, a spe-
cialized SEER database integrating all relevant SES dimen-
sions in a single index measure was produced. Moreover, 
this database is based on census-level data (compared to 
previous studies which were based on county-level data). 
This database should provide an enormous opportunity to 
clarify the impact of SES on colon cancer outcomes.

Establishing the role of SES in determining the outcomes 
of colon cancer is of paramount significance for practicing 
clinicians as well as for healthcare policymakers and it 
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should help us better plan our healthcare system in a way 
that serves cancer patients.

Objective

To study the outcomes of non-metastatic colon cancer in 
relationship to SES based on the census-tract level SEER 
SES database.

Methods

About the census tract‑level SEER SES database

The specialized SEER SES database was specifically 
designed to address the need to have a better in-depth assess-
ment of the relationship between SES and cancer outcomes. 
To standardize the reporting of this database, the compos-
ite SES score (which was developed by Yost et al. and Yu 
et al.) was considered as the reference measure [6, 7].  Seven 
parameters are included in the formation of this score which 
represent different dimensions of SES. These include unem-
ployment percent, working-class percent, percent below 
150% of the poverty line, and education index (as proposed 
by Liu et al. [8]). They also include median house value 
and median household income. Data linkage procedures and 
details of geographic definitions within the context of this 
database were provided elsewhere [9]. This index is finally 
summarized as three SES tertiles (groups), where group 1 
has the lowest index and group 3 has the highest index.

Selection criteria of patients in the current study

The following selection criteria were utilized to select 
patients for inclusion into the current study: (1) Colon 
adenocarcinoma diagnosis; (2) Stages I, II, III (according 
to American Joint Committee on Cancer 7th staging sys-
tem); (3) Complete information about SES group at the 
time of diagnosis; (4) Diagnosis year between 2004–2015; 
(5) Upfront treatment with an oncologic surgical resection 
(including resection of the primary and regional lymph node 
dissection). Cases with rectal primary or non-adenocarci-
noma histology were not considered for inclusion in the 
current study.

Data collection

The following data were obtained from the records of each 
included patient (if available): age at diagnosis, sex, race, 
SES index group, stage, side, and treatments (including sur-
gery, chemotherapy or radiation therapy). The primary end-
point of the current study is colon cancer-specific survival 

(defined as the time from colon cancer diagnosis till death 
from colon cancer). The definition of right- versus left-sided 
colon cancer was based on the definition used in CALGB/
SWOG 80405 trial [10]. SEER database reports chemother-
apy as yes versus No/unknown; it did not separate No from 
Unknown groups.

Statistical analyses

Differences in clinicopathological and treatment character-
istics according to the SES group were initially evaluated 
according to Chi-squared testing. To provide further insight 
into the factors affecting colon cancer-specific survival, mul-
tivariate Cox regression analysis was then used. It included 
the following factors: age at diagnosis, sex, Dukes’ stage, 
race, SES group, and colon cancer side. Chemotherapy and 
radiotherapy dose/schedule details were not available in the 
current dataset; thus, they were not included in the multi-
variate model.

Additional multivariate analyses were then performed to 
evaluate the impact of SES on colon cancer survival in clini-
cally defined subcategories of patients (according to race, 
sex, side or Dukes’ stage). SPSS (version 20; IBM, NY) 
was utilized in performing all the above statistical analyses.

Results

Patients’ characteristics

A total of 80,121 patients with non-metastatic colon cancer 
were included in the current study. At the time of diagnosis, 
24,368 patients were in SES group 1, 27,838 patients were 
in SES group 2, and 27,915 patients were in SES group 3. 
Comparing patients in the lower SES group with patients in 
the higher SES groups, patients with lower SES were more 
likely to have a younger age at presentation (P < 0.001), 
black race (P < 0.001) and more advanced Dukes’ stage at 
presentation (P < 0.001). They were less likely to receive 
radiotherapy (P < 0.001). There were, however, no dif-
ference between the three groups with regard to patients’ 
sex (P = 0.508) or the use of chemotherapy (P = 0.084) 
(Table 1). All patients included in the current analysis under-
went oncologic surgery to the primary tumor and regional 
lymph nodes. Mean follow-up duration for each of three 
SES groups was as follows: group 1:27.70, SD: 20.68; group 
2:28.84, SD: 28.80; group 3 29.67, SD: 20.84.

Impact of SES on colon cancer‑specific survival 
in the overall cohort

The impact of SES on colon cancer-specific survival was 
evaluated through multivariate Cox regression analysis. 
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Lower SES was associated with worse colon cancer-specific 
survival (hazard ratio for group 1 versus group 3: 1.257; 
1.190–1.328; P < 0.001) (Table  2). Interaction testing 
between the race (black race versus white race) and SES 
was non-significant (P = 0.932).

Impact of SES index on colon cancer‑specific survival 
in specific subgroups (according to colon cancer side 
and stage, and according to patients’ sex and race)

Table 3 detailed the impact of SES index on colon cancer-
specific survival according to the side (right versus left). 
This was done through multivariate Cox regression mod-
eling for each of the two sides adjusted for age at diagno-
sis, sex, race, and stage. Lower SES predicts poorer colon 
cancer-specific survival among patients having disease on 
either side of the colon (P < 0.001 for group 1 versus group 
3 among both sides).

Likewise, the impact of SES on colon cancer-specific 
survival according to the stage (Dukes’ stage A vs. B vs. C) 
was assessed (Table 4). This was assessed through multivari-
ate Cox regression model adjusted for age at diagnosis, sex, 

race, and side. Lower SES predicts poorer colon cancer-
specific survival regardless of disease stage (P < 0.001 for 
group 1 versus group 3 among the three stages).

Moreover, lower SES was predictive of poorer colon can-
cer-specific survival regardless of sex (P < 0.001 for group 
1 versus group 3 for both men and women) (Table 5). This 
was assessed through multivariate Cox regression model 
adjusted for age, race, side, and Dukes’ stage.

On the other hand, multivariate Cox regression model 
adjusted for age, sex, side, and Dukes’ stage was used to 
assess the impact of SES in each of the four principal race 
groups (white non-Hispanic, black non-Hispanic, Asian, and 
Hispanic). Lower SES index seems to be associated with 
worse survival in the four racial groups (Table 6).

Discussion

The current study evaluated the prognostic utility of SES 
on the outcomes of non-metastatic colon cancer patients. 
It showed a possible association between lower SES and 
worse colon cancer-specific survival. This association was 

Table 1   Baseline characteristics of patients included into the current analysis

*Right side: cecum, appendix, ascending colon, and hepatic flexure; left side: splenic flexure, descending colon, and sigmoid colon

Parameter All patients 
(80,121 patients)

Group 1 (24,368 patients) Group 2 (27,838 patients) Group 3 (27,915 patients) P value

Age
  < 40 years
 40–69 years
 ≥ 70 years

1655 (2.1%)
37,957 (47.4%)
40,509 (50.5%)

533 (2.2%)
12,277 (50.4%)
11,558 (47.4%)

574 (2.1%)
12,872 (46.2%)
14,392 (51.7%)

548 (2%)
12,808 (45.9%)
14,559 (52.2%)

 < 0.001

Sex
 Males
 Females

39,489 (49.3%)
40,632 (50.7%)

12,045 (49.4%)
12,323 (50.6%)

13,642 (49%)
14,196 (51%)

13,802 (49.4%)
14,113 (50.6%)

0.508

Race
 White (non-Hispanic)
 Black (non-Hispanic)
 Hispanic
 Asian–pacific islander
 American Indian
 Unknown

55,497 (69.3%)
8442 (10.5%)
8751 (10.9%)
6748 (8.4%)
398 (0.5%)
285 (0.4%)

14,175 (58.2%)
4912 (20.2%)
3826 (15.7%)
1213 (5%)
180 (0.7%)
62 (0.3%)

19,987 (71.8%)
2308 (8.3%)
3005 (10.8%)
2294 (8.2%)
149 (0.5%)
95 (0.3%)

21,335 (76.4%)
1222 (4.4%)
1920 (6.9%)
3241 (11.6%)
69 (0.2%)
128 (0.5%)

 < 0.001

Dukes’ stage
 A
 B
 C

22,879 (28.6%)
28,974 (36.2%)
38,268 (35.3%)

6603 (27.1%)
8929 (36.6%)
8836 (36.3%)

7931 (28.5%)
10,194 (36.6%)
9713 (34.9%)

8345 (29.9%)
9851 (35.3%)
9719 (34.8%)

 < 0.001

Sidedness*
 Right
 Left
 Transverse colon/

unknown subsites

40,694 (50.8%)
29,515 (36.8%)
9912 (12.4%)

12,265 (50.3%)
9096 (37.3%)
3007 (12.3%)

14,158 (50.9%)
10,140 (36.4%)
3540 (12.7%)

14,271 (51.1%)
10,279 (36.8%)
3365 (12.1%)

0.050

Chemotherapy
 Yes
 No/unknown

21,116 (26.4%)
59,005 (73.6%)

6499 (26.7%)
17,869 (73.3%)

7206 (25.9%)
20,632 (74.1%)

7411 (26.5%)
20,504 (73.5%)

0.084

Radiotherapy
 Yes
 No/unknown

883 (1.1%)
79,238 (98.9%)

305 (1.3%)
24,063 (98.7%)

334 (1.2%)
27,504 (98.8%)

244 (0.9%)
27,671 (99.1%)

 < 0.001
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consistent among the overall cohort of patients as well as 
among clinically defined patients’ subgroups (according to 
stage, side of the disease, sex, and race).

The results of the current study are similar to several 
previously published population-based analyses which con-
firmed the relationship between socioeconomic status and 
colon cancer patients’ outcomes [11, 12]. However, the cur-
rent study is unique in relying upon on a dedicated database 
for socioeconomic information with the implementation of 
a standardized and validated tool for integrating all relevant 
dimensions for SES (compared to previous studies which 
relied on individual dimensions of SES in a non-standard-
ized way). This adds considerable credibility to the results 
of the current analysis.

Table 2   Multivariate Cox regression analysis for factors affecting 
colon cancer-specific survival

Parameter Hazard ratio (95% CI) P value

Age
 40–69
 < 40
 ≥ 70

Reference
0.932 (0.780–1.114)
2.433 (2.321–2.551)

0.442
 < 0.001

Sex
 Male
 Female

Reference
0.989 (0.947–1.032)

0.596

Tertile
 Group 3
 Group 1
 Group 2

Reference
1.257 (1.190–1.328)
1.181 (1.121–1.244)

 < 0.001
 < 0.001

Race
 White
 Black
 Hispanic
 Asian

Reference
1.157 (1.080–1.240)
0.989 (0.920–1.063)
0.828 (0.761–0.902)

 < 0.001
0.768
 < 0.001

Sidedness
 Right
 Left

Reference
0.911 (0.868–0.656)

 < 0.001

Dukes’ stage
 C
 A
 B

Reference
0.135 (0.125–0.146)
0.416 (0.397–0.436)

 < 0.001
 < 0.001

Table 3   Impact of socioeconomic index on colon cancer-specific sur-
vival in according to colon cancer side*

*Multivariate Cox regression analysis adjusted for age, sex, race, and 
Dukes’ stage

Colon cancer side Index Hazard ratio (95% CI) P value

Right side Tertile
Group 3
Group 1
Group 2

Reference
1.216 (1.128–1.311)
1.191 (1.111–1.278)

 < 0.001
 < 0.001

Left side Tertile
Group 3
Group 1
Group 2

Reference
1.275 (1.158–1.404)
1.152 (1.049–1.265)

 < 0.001
0.003

Table 4   Impact of socioeconomic index on colon cancer-specific sur-
vival in according to the Dukes’ stage*

*Multivariate Cox regression analysis adjusted for age, sex, race, and 
side

Dukes’ stage Index Hazard ratio (95% CI) P value

A Tertile
Group 3
Group 1
Group 2

Reference
1.800 (1.479–2.190)
1.462 (1.208–1.770)

 < 0.001
 < 0.001

B Tertile
Group 3
Group 1
Group 2

Reference
1.316 (1.192–1.454)
1.228 (1.117–1.350)

 < 0.001
 < 0.001

C Tertile
Group 3
Group 1
Group 2

Reference
1.175 (1.095–1.260)
1.131 (1.058–1.208)

 < 0.001
 < 0.001

Table 5   Impact of socioeconomic index on colon cancer-specific sur-
vival in according to sex*

*Multivariate Cox regression analysis adjusted for age, race, side, and 
Dukes’ stage

Sex Index Hazard ratio (95% CI) P value

Male Tertile
Group 3
Group 1
Group 2

Reference
1.298 (1.199–1.405)
1.151 (1.067–1.242)

< 0.001
< 0.001

Female Tertile
Group 3
Group 1
Group 2

Reference
1.224 (1.134–1.321)
1.210 (1.126–1.300)

< 0.001
< 0.001

Table 6   Impact of socioeconomic index on colon cancer-specific sur-
vival in according to the race*

*Multivariate Cox regression analysis adjusted for age, sex, side, and 
Dukes` stage

Race Index Hazard ratio (95% CI) P value

White non-Hispanic Tertile
Group 3
Group 1
Group 2

Reference
1.220 (1.144–1.301)
1.166 (1.099–1.237)

 < 0.001
 < 0.001

Black non-Hispanic Tertile
Group 3
Group 1
Group 2

Reference
1.366 (1.122–1.664)
1.224 (0.985–1.520)

0.002
0.068

Hispanic Tertile
Group 3
Group 1
Group 2

Reference
1.283 (1.076–1.531)
1.175 (0.975–1.416)

0.006
0.090

Asian/Pacific Islander Tertile
Group 3
Group 1
Group 2

Reference
1.543 (1.249–1.907)
1.059 (1.308–1.087)

 < 0.001
0.004
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The current study cohort was restricted to non-metastatic 
patients. This is because the SEER database lacks enough 
details on the systemic therapy options (chemotherapy/tar-
geted therapy) each patient has received in the metastatic set-
ting. Thus, limiting the study participants to non-metastatic 
patients only was hoped to limit uncertainty in the current 
analysis. Likewise, the current cohort did not include rectal 
cancer patients. This is because of the lack of enough details 
about neoadjuvant (chemo)radiotherapy options that some 
patients might have received. Restriction to colon cancer 
patients treated with upfront surgery was done in the hope 
of limiting uncertainty in study results.

The current study has its own limitations that need to be 
addressed; first,there is generally a lack of information about 
comorbidity and performance status within the SEER data-
base. This might have affected survival comparisons. How-
ever, it should be remembered that all patients included in 
the current study have undergone radical surgery to the pri-
mary tumor and regional lymph nodes. Thus, it is expected 
that most (if not all) of them have reasonable performance 
status and limited comorbidity at the time of diagnosis to 
be eligible for such a major surgery. Moreover, the primary 
endpoint of the current analysis is colon cancer-specific 
survival; thus, this should limit the potential confounding 
effect from lack of information about non-cancer mortal-
ity. Second, the current study is based on the information 
from the US healthcare system (which has its unique features 
and structure compared to other healthcare systems in other 
western countries as well as other world countries). Thus, 
the generalization of the results of the current analysis to 
other healthcare settings should be done with caution. Third, 
SEER database generally lacks technical details about non-
surgical treatments (chemotherapy and radiotherapy). That 
is why (as clarified above) the inclusion of the current analy-
sis was restricted to non-metastatic colon cancer patients to 
limit uncertainty.

These weaknesses need to be weighed against known 
strengths of the current analysis; most importantly the stand-
ardization of the assessment tools of SES and the reliance 
on the SEER database which is a high-quality population-
based registry.

Possible reasons for survival differences based on SES 
might be related to the lack of access to timely cancer care 
among people with lower SES; moreover, lower educational 
status and awareness among less educated people might lead 
to a delay in presentation to healthcare workers and subse-
quent presentation at a more advanced disease stage. Lower 
education might also be liked to a lower compliance with the 
recommended treatment [13].

The findings of the current study highlight the major role 
played by socioeconomic factors in determining the out-
comes of cancer patients in general and colon cancer patients 
in particular. Despite the accumulating body of evidence 

highlighting the role of SES in determining cancer out-
comes, this dimension is frequently overlooked by treating 
physicians which might affect the quality of care provided 
to cancer patients. There is a need to increase the awareness 
of healthcare workers dealing with cancer patients about the 
importance of SES and to integrate this into their training 
curricula. The results of the current analysis also highlight 
the importance of reducing disparities in healthcare services. 
This will hopefully improve the outcomes of socially disad-
vantaged groups of cancer patients.

Outcomes of non-Hispanic black patients with colon can-
cer have been reported to be poorer than non-Hispanic white 
patients in a number of population-based studies [14, 15]. 
This has been previously ascribed partially to SES differ-
ences. The current study does not support this explanation 
(given the non-significant interaction testing between race 
and SES).

Within multivariate Cox regression analysis among dif-
ferent racial groups, lower SES index was associated with 
worse survival in the four racial groups and the impact seems 
to be more pronounced among white Americans compared 
to other racial groups. This observation might be because 
of the fact that white Americans represents 70% of the total 
study cohort; thus, it is more likely for SES differences to 
demonstrate statistical significance in this subgroup com-
pared to other racial subgroups.

In conclusion, lower SES is associated with worse colon 
cancer-specific survival among non-metastatic colon cancer 
patients. Further studies are needed to dissect the mecha-
nisms linking SES with cancer outcomes.
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