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Background: Mortality rates in colorectal cancer (CRC) continue to be higher in Black compared to 
White patients. While standard treatment modalities for locally advanced rectal cancer have been shown 
to improve outcomes, there are limited studies assessing the receipt of standard treatment in rectal cancer 
based on race. Therefore, we sought to evaluate the use of standard treatment across racial groups in locally 
advanced rectal cancer and its effect on survival.
Methods: The National Cancer Database (NCDB) was queried for patients ≥18 years old with clinical 
and pathologic stage II–III rectal adenocarcinoma who received treatment from 2004 to 2014. Standard 
treatment was defined as complete surgical excision with either neoadjuvant or adjuvant concurrent 
chemoradiation. Multivariable logistic regressions were used to identify racial differences in receiving 
standard treatment. Cox proportional hazards were used to estimate the effects of standard vs. nonstandard 
treatment on survival differences based on race.
Results: A total of 70,677 patients with stage II (n=35,079) or stage III (n=35,598) rectal adenocarcinoma 
met the inclusion criteria. On multivariate analysis, Black [odds ratio (OR): 0.75; 95% confidence interval 
(CI): 0.71–0.79; P<0.001] and Hispanic White (OR: 0.86; 95% CI: 0.80–0.92; P>0.001) patients were less 
likely to receive standard treatment compared to non-Hispanic White patients. On multivariable Cox 
regression, nonstandard treatment was significantly associated with worse survival [hazard ratio (HR): 1.69; 
95% CI: 1.65–1.73; P<0.001] compared to standard treatment. Even after adjusting for patient, demographic, 
and facility characteristics, Black patients had higher mortality rates compared to White patients in the 
whole population (HR: 1.15; 95% CI: 1.09–1.20; P<0.0001). This survival difference between Black and 
non-Hispanic White patients persisted in both the standard (HR: 1.10; 95% CI: 1.03–1.19; P=0.008) and 
nonstandard (HR: 1.17; 95% CI: 1.10–1.25; P<0.0001) treatment subgroups. Decreased survival outcomes 
in Black patients were more pronounced for those who underwent nonstandard treatment, particularly when 
treating stage III disease (HR: 1.30; 95% CI: 1.19–1.42; P<0.0001).
Conclusions: Nonstandard treatment in stage II and III rectal cancer is associated with worse survival 
compared to standard treatment regimens. Black patients are more likely to receive nonstandard treatment 
and have worse survival outcomes compared to White patients.
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Introduction

Colorectal cancer (CRC) is the second leading cause of 
cancer-related mortality in the United States with an 
estimate of 45,230 new cases diagnosed in 2021 (1). The 
incidence and mortality rates of CRC have gradually 
declined due to improvements in screening and treatment (2).  
However, CRC mortality rates continue to be higher in 
Black compared to White patients. The driving mechanisms 
of this disparity are complex involving demographic and 
socioeconomic factors, which influence access to prevention, 
screening, and treatment (2-8). However, while screening 
disparities contribute to the increased stage at diagnosis in 
Black patients, differences in mortality rates between Black 
and White patients continue to exist in CRC even when 
matched for tumor characteristics (2,3,5).

In the United States, standard treatment modalities for 
locally advanced rectal cancer consist of surgical excision 
combined with either neoadjuvant chemoradiation, adjuvant 
chemoradiation, or short course radiation and chemotherapy, 
and most recently the addition of total neoadjuvant therapy 
(TNT) for advanced disease (9-11). Although these treatment 
regimens have been shown to improve local and distant 
control, the use of standard treatment is low in practice (12).  
The effect of various treatments on racial disparities in 
colon cancer has been previously shown in a Surveillance, 
Epidemiology, and End Results (SEER) study evaluating 
survival outcomes between Black and White patients when 
using a sequential matching process for tumor presentation 
and treatment (3). In this study, racial survival differences 
between White and Black patients with stage III disease 
lowered from 5.1% to 4.3% when matched for tumor 
characteristics. This difference was further reduced to 2.8% 
when matched by treatment type, suggesting treatment had 
an impact on the racial disparity (3). A National Cancer 
Database (NCDB) study evaluating patients with CRC also 
showed improved survival differences in Black compared 
to White patients when matched for treatment (5). Thus, 
ensuring equitable access to standard treatment is an 
important modifiable intervention that can ameliorate racial 
disparities and further supports investigation of the use of 
standard treatment in rectal cancer.

There are limited studies looking at factors affecting 
standard treatment in rectal cancer. We hypothesized 
standard treatment would be received less often in Black 
compared to White patients, with an associated detriment 
in survival. To elucidate possible trends and obstacles 
promoting racial disparities, we evaluated locally advanced 

rectal adenocarcinoma treatment patterns in the NCDB 
and sought to determine racial disparities in standard 
treatment and outcomes based on the receipt of standard 
treatment. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-22-542/rc).

Methods

Data source and population

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
determined to be exempt by the University of Southern 
California institutional review board and individual 
consent for this retrospective national database analysis 
was waived. We queried the NCDB, a clinical oncology 
database sourced from more than 1,500 Commission on 
Cancer (CoC)-accredited facilities throughout the United 
States, utilizing user files from 2004 to 2014, for patients 
≥18 years old with clinical and pathologic stage II–III rectal 
adenocarcinoma. We excluded patients with stage 0 and 
stage I disease as surgical management is the mainstay of 
treatment, and also excluded patients with stage IV disease 
as standard treatment varies widely in this population. 
Patients who received no treatment or were missing follow 
up data were also excluded. A Consolidated Standards of 
Reporting Trials (CONSORT) diagram depicting our 
inclusion and exclusion criteria is shown in Figure 1.

Variables

We  d e f i n e d  s t a n d a r d  t r e a t m e n t  a s  c o m p l e t e 
surgical excision—low anterior resection (LAR) or 
abdominoperineal resection (APR) with either neoadjuvant 
or adjuvant concurrent chemoradiation (a maximum of 
7 days was allowed between initiation of chemotherapy 
and radiotherapy). We defined all other treatments as 
nonstandard including (I) sequential chemotherapy and 
radiation without surgery, (II) definitive concurrent 
chemoradiation without surgery, (III) surgery alone, (IV) 
surgery with either radiation or chemotherapy but not 
both, and (V) trimodality therapy with non-concurrent 
chemoradiation (receipt of chemotherapy and radiotherapy 
more than 7 days apart). Any receipt of concurrent 
chemoradiation and surgery qualified as standard treatment 
and therefore would also include TNT. We explored 
additional stratification by short course radiation as this is 

https://jgo.amegroups.com/article/view/10.21037/jgo-22-542/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-22-542/rc
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an acceptable standard treatment, but only identified 426 of 
70,677 patients (0.6%) who received 2,000–2,999 cGy in 5 
fractions. Therefore, we did not include this in our standard 
treatment cohort.

Our main analysis evaluated whether standard treatment 
was associated with race, and whether survival was 
associated with standard treatment. In our survival analyses, 
we censored patients for loss to follow-up. We controlled 
for demographic (age, sex, race, ethnicity, and insurance 
status), biologic [grade and Charlson-Deyo Comorbidity 
Index (CCI)], treatment facility (academic vs. community 
or integrated network and facility location), geographic 
(income, education, and population density associated with 
zip code, and distance from treatment facility), and temporal 
(year of diagnosis) characteristics. These covariates are 
detailed in Table 1.

Statistical analyses

In an unadjusted analysis, we compared the distribution of 
patient characteristics by receipt of standard vs. nonstandard 
treatment and tested for statistical significance with a 
Pearson chi-squared test. We plotted survival curves using 
the Kaplan-Meier estimator, stratifying by standard vs. 
nonstandard treatment and by race and stage. We used a 
log-rank test to test for statistical significance.

We adjusted for confounders using multivariable logistic 
regression to examine whether race was associated with 
receipt of standard treatment. We used a Cox proportional 
hazards model to estimate survival differences between 

standard and nonstandard treatment. To examine whether 
survival differences were heterogeneous by race and stage of 
disease, we conducted subgroup analyses by incorporating 
a full set of interaction terms among receipt of standard 
treatment, race, and stage of disease. We estimated 
subgroup-specific hazard ratios (HRs) by recombining 
coefficients, with 95% confidence intervals (CIs) computed 
using the delta method.

Our primary analysis included observations with missing 
values (7%), which we imputed using a multinomial 
logistic model with chained equations. We conducted 10 
imputations and recombined coefficients and standard 
errors using Rubin’s rules (13). In sensitivity analysis, 
we conducted a complete case analysis. We used robust 
standard errors for all multivariable analyses. Two-tailed 
significance tests were used with α=0.05. Analyses were 
performed using STATA v. 14 and SAS software v. 9.4 (SAS 
Institute Inc., USA).

Results

Patient characteristics

A total of 70,677 patients with stage II (35,079) or stage 
III (35,598) rectal adenocarcinoma met our inclusion 
criteria. Median follow up was 44 months with an 
interquartile range of 25–73 months. In the patients who 
received radiation, the median dose was 4,500 cGy with 
an interquartile range of 4,500–4,860 cGy. Only 303 
(0.4%) patients underwent 2,500 cGy in 5 fractions and an 
additional 123 (0.2%) received other doses in the range of 
2,000–2,999 cGy. Patients who received standard treatment 
were more likely to be younger, male, White, Asian/Pacific 
Islander, and non-Hispanic. They were also more likely to 
have a lower CCI, have private or Medicaid insurance, live 
in a nonmetropolitan area, reside in a zip code with a higher 
median income and proportion of high school graduates, 
and have a more recent diagnosis, as shown in Table 1. 
Further patient and demographic characteristics by race are 
shown in Table S1.

Receipt of standard treatment

Treatment type based on race is shown in Table 2 , 
with the largest cohort of patients receiving standard 
treatment—55.5% of White patients compared to 47.5% of 
Black patients. Overall, approximately 30% of patients who 
did not receive standard treatment underwent concurrent 

Excluded
• Rectosigmoid cancer (N=88,941)
• Non adenocarcinoma histology (N=32,969)
• Stage 0, I, IV or unknown (N=147,010)
• No treatment (N=4,803)
• Missing vital status (N=8,720)
• Missing last contact data (N=4)
• Missing follow up data (N=1)

Primary rectosigmoid and rectal 
cancer in NCDB from 2004 and 2015 

(N=353,125)

Included study population: 
(N=70,677)

Figure 1 Patient selection criteria. NCDB, National Cancer 
Database.

https://cdn.amegroups.cn/static/public/JGO-22-542-Supplementary.pdf
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Table 1 Patient and facility characteristics for standard vs. nonstandard treatment

Characteristics Standard (n=38,339), n (%) Nonstandard (n=32,338), n (%) P value

Patient characteristics

Age (years) <0.001

18–49 7,545 (19.7) 4,754 (14.7)

50–64 16,695 (43.5) 11,241 (34.8)

65–79 12,065 (31.5) 10,858 (33.6)

≥80 2,034 (5.3) 5,485 (17.0)

Sex <0.001

Female 14,384 (37.5) 12,684 (39.2)

Male 23,955 (62.5) 19,654 (60.8)

Race <0.001

White 33,471 (87.3) 27,323 (84.5)

Black 2,863 (7.5) 3,160 (9.8)

Asian/Pacific Islander 1,276 (3.3) 1,150 (3.6)

Other 729 (1.9) 705 (2.2)

Ethnicity <0.001

Non-Hispanic 36,377 (94.9) 30,225 (93.5)

Hispanic 1,962 (5.1) 2,113 (6.5)

CCI <0.001

0 30,613 (79.8) 25,215 (78.0)

1 6,242 (16.3) 5,386 (16.7)

2 1,132 (3.0) 1,258 (3.9)

3 352 (0.9) 479 (1.5)

Facility/demographic characteristics

Facility type <0.001

Academic 12,968 (35.5) 11,613 (37.4)

Community 19,443 (53.2) 16,439 (52.9)

Integrated network 4,134 (11.3) 3,036 (9.8)

Facility location <0.001

East North Central 7,456 (20.4) 5,359 (17.2)

East South Central 2,167 (5.9) 2,035 (6.5)

Middle Atlantic 4,856 (13.3) 5,136 (16.5)

Mountain 1,740 (4.8) 1,324 (4.3)

New England 2,176 (6.0) 1,780 (5.7)

Pacific 3,854 (10.5) 4,248 (13.7)

South Atlantic 7,736 (21.2) 6,018 (19.4)

West North Central 4,017 (11.0) 2,350 (7.6)

West South Central 2,543 (7.0) 2,838 (9.1)

Table 1 (continued)
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Table 1 (continued)

Characteristics Standard (n=38,339), n (%) Nonstandard (n=32,338), n (%) P value

Distance from facility (miles) <0.001

0–5 9,761 (25.7) 9,548 (29.9)

>5–10 7,690 (20.2) 6,640 (20.8)

>10–25 10,123 (26.6) 8,013 (25.1)

>25 10,455 (27.5) 7,784 (24.3)

Insurance <0.001

Unknown 518 (1.4) 1,140 (3.5)

Medicaid 2,492 (6.5) 2,058 (6.4)

Medicare 13,358 (34.8) 14,724 (45.5)

Not insured 1,771 (4.6) 1,524 (4.7)

Other government 557 (1.5) 596 (1.8)

Private insurance 19,643 (51.2) 12,296 (38.0)

Zip code population density <0.001

Not metropolitan 8,201 (22.0) 5,910 (18.9)

Metropolitan 29,158 (78.0) 25,429 (81.1)

Median income of zip code <0.001

<$38,000 9,507 (25.0) 7,592 (23.8)

$38,000–$47,999 10,547 (27.7) 8,342 (26.1)

$48,000–$62,999 6,409 (16.9) 6,069 (19.0)

≥$63,000 11,564 (30.4) 9,956 (31.2)

Proportion of zip code without high school diploma (%) <0.001

<7.0 10,034 (26.4) 8,570 (26.8)

7.0–12.9 12,835 (33.7) 10,040 (31.4)

13.0–20.9 9,123 (24.0) 7,089 (22.2)

≥21.0 6,056 (15.9) 6,283 (19.6)

Year of diagnosis <0.001

2004 2,064 (5.4) 1,895 (5.9)

2005 2,291 (6.0) 2,151 (6.7)

2006 2,490 (6.5) 2,258 (7.0)

2007 2,839 (7.4) 2,510 (7.8)

2008 3,278 (8.6) 2,965 (9.2)

2009 3,578 (9.3) 3,084 (9.5)

2010 3,928 (10.2) 3,180 (9.8)

2011 3,973 (10.4) 3,267 (10.1)

2012 4,310 (11.2) 3,428 (10.6)

2013 4,645 (12.1) 3,600 (11.1)

2014 4,943 (12.9) 4,000 (12.4)

CCI, Charlson-Deyo Comorbidity Index.
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chemoradiation without surgery which was not standard up 
to 2014 and currently still experimental. On multivariate 
analysis, Black [odds ratio (OR): 0.75; 95% CI: 0.71–0.79; 
P<0.001] and Hispanic White (OR: 0.86; 95% CI: 0.80–
0.92; P<0.001) patients were less likely to receive standard 
treatment compared to non-Hispanic White patients, as 
shown in Table 3. Other factors that were independently 
associated with lower odds of receiving standard treatment 
include older age, a higher CCI of 2–3, living in a 
metropolitan area or in a zip code with a lower percentage 
of high school graduates, having non-private insurance, 
and having an earlier year of diagnosis. When stratifying 
by stage of disease, Black patients were less likely to receive 
standard treatment than non-Hispanic White patients 
(Table 4). Further information on multivariate analysis 
evaluating the likelihood of not receiving surgery, chemo, or 
radiation can be found in the supplemental data (Table S2).  
Factors related to a reduced likelihood of surgery, chemo, 
or radiation individually, were similar to those that were 
related to a reduced risk of standard treatment and include 
increasing age, Black race, higher comorbidities, increased 
distance from the treatment facility, and a zip code in 
a non-metropolitan location. Between not receiving 
surgery, chemo, or radiation specifically, patients were less 
likely to receive surgery with any non-private insurances 
however the likelihood of receiving chemo or radiation 
varied more depending on the type non-private insurance. 
When comparing these factors to patient and demographic 
characteristics by race (Table S1), Black patients were more 
likely to present at a younger age, at a closer distance to 
the treatment facility, and live in a non-metropolitan area, 
and therefore one could presume would be more likely to 
qualify for standard treatment. In terms of comorbidities, 
the CCI was similar between White and Black patients. 

However, White patients were more likely to have private 
insurance. While receipt of standard treatment is based of 
multifactorial characteristics, there does not appear to be 
a clear indication for Black patients receiving decreased 
rates of standard treatment based on their patient and 
demographic characteristics.

Survival outcomes

In unadjusted analyses, patients receiving standard vs. 
nonstandard treatment had higher survival (Figure 2; log-
rank test P<0.0001). Non-surgical treatments showed the 
worst outcomes.

On multivariable Cox regression, after adjusting for 
confounders, nonstandard treatment was significantly 
associated with worse survival (HR: 1.69; 95% CI: 1.65–
1.73; P<0.001) compared to standard treatment. Other 
independent predictors of lower survival included being 
Black, older, male, having treatment at a community or 
integrated network (vs. academic center), higher CCI, non-
private insurance, and residing in a zip code with a lower 
median income or a lower proportion without a high school 
diploma (Table 5).

Racial disparities within standard and nonstandard 
treatment

Kaplan-Meier survival estimates by race (Figure 3) showed 
Black patients had worse survival outcomes compared 
to White patients with both standard and nonstandard 
treatment. Among patients who received standard 
treatment, 5- and 10-year survival between White and 
Black patients were 74.6% and 53.9% vs. 70.3% and 52.3%, 
respectively. Survival differences at 5 and 10 years increased 

Table 2 Treatment type in White vs. Black patients

Treatment Non-Hispanic White, n (%) Black, n (%) Other, n (%)

Standard treatment* 31,671 (55.5) 2,863 (47.5) 3,805 (50.1)

Concurrent chemoradiation without surgery 7,362 (12.9) 953 (15.8) 959 (12.6)

Trimodality therapy with non-concurrent chemoradiation 6,301 (11.0) 791 (13.1) 937 (12.3)

Sequential chemo and/or radiation without surgery 3,927 (6.9) 677 (11.2) 685 (9.0)

Surgery alone 4,068 (7.1) 362 (6.0) 566 (7.5)

Surgery with radiation or chemo but not both 3,727 (6.5) 377 (6.3) 646 (8.5)

*, standard treatment was defined as complete surgical excision with either neoadjuvant or adjuvant concurrent chemoradiation. We 
defined all other treatments listed as nonstandard.

https://cdn.amegroups.cn/static/public/JGO-22-542-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-22-542-Supplementary.pdf
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Table 3 Multivariable analysis—likelihood of receiving standard treatment in stage II–III rectal adenocarcinoma

Characteristics OR (95% CI) P value

Patient characteristics

Age (years)

18–49 Reference

50–64 0.927 (0.887–0.970) 0.001

65–79 0.727 (0.686–0.772) <0.001

≥80 0.241 (0.223–0.260) <0.001

Sex

Female Reference

Male 1.017 (0.985–1.050) 0.298

Race

Non-Hispanic White Reference

Hispanic White 0.860 (0.800–0.924) <0.001

Black 0.749 (0.707–0.794) <0.001

Asian/Pacific Islander 1.014 (0.930–1.106) 0.753

Other 0.874 (0.783–0.975) 0.016

CCI

0 Reference

1 1.023 (0.980–1.067) 0.296

2 0.854 (0.783–0.930) <0.001

3 0.697 (0.603–0.805) <0.001

Stage

II Reference

III 1.104 (1.079–1.139) <0.001

Facility/demographic characteristics

Facility type

Academic Reference

Community 1.086 (1.047–1.126) <0.001

Integrated network 1.222 (1.155–1.294) <0.001

Facility location

East North Central Reference

East South Central 0.741 (0.688–0.797) <0.001

Middle Atlantic 0.707 (0.669–0.747) <0.001

Mountain 0.883 (0.813–0.960) 0.003

New England 0.928 (0.859–1.002) 0.056

Pacific 0.653 (0.615–0.693) <0.001

South Atlantic 0.921 (0.876–0.969) 0.002

West North Central 1.169 (1.095–1.249) <0.001

West South Central 0.712 (0.664–0.763) <0.001

Table 3 (continued)
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Table 3 (continued)

Characteristics OR (95% CI) P value

Insurance

Private insurance Reference

Unknown 0.327 (0.293–0.365) <0.001

Medicaid 0.818 (0.766–0.873) <0.001

Medicare 0.864 (0.822–0.908) <0.001

Not insured 0.754 (0.700–0.812) <0.001

Other government 0.605 (0.535–0.683) <0.001

Median income

<$38,000 Reference

$38,000–$47,999 1.041 (0.988–1.096) 0.134

$48,000–$62,999 1.020 (0.963–1.079) 0.501

≥$63,000 0.897 (0.840–0.958) 0.001

Distance from facility (miles)

0–5 Reference

>5–10 1.082 (1.034–1.132) 0.001

>10–25 1.109 (1.061–1.158) <0.001

>25 1.149 (1.092–1.209) <0.001

Zip code population density

Not metropolitan Reference

Metropolitan 0.921 (0.877–0.968) 0.001

Proportion of zip code without high school diploma (%)

<7.0 Reference

7.0–12.9 0.936 (0.894–0.981) 0.005

13.0–20.9 0.853 (0.807–0.901) <0.001

≥21.0 0.765 (0.715–0.818) <0.001

Year of diagnosis

2004 Reference

2005 0.977 (0.894–1.067) 0.605

2006 1.000 (0.916–1.092) 0.992

2007 1.028 (0.944–1.120) 0.522

2008 0.997 (0.918–1.083) 0.947

2009 1.056 (0.973–1.146) 0.189

2010 1.131 (1.043–1.226) 0.003

2011 1.110 (1.024–1.203) 0.011

2012 1.134 (1.047–1.228) 0.002

2013 1.183 (1.093–1.280) <0.001

2014 1.103 (1.021–1.193) 0.013

OR, odds ratio; CI, confidence interval; CCI, Charlson-Deyo Comorbidity Index.
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within nonstandard treatment between White (55.7% 
and 38.0%, respectively) and Black (50.0% and 34.8%, 
respectively) patients. Differences were most pronounced 
in patients receiving nonstandard treatment with stage III 
disease.

Even after adjusting for demographic, biologic, facility, 
geographic, and temporal characteristics, Black patients 

had higher mortality rates compared to White patients 
in the whole population (HR: 1.15; 95% CI: 1.09–1.20; 
P<0.0001). This racial disparity in survival persisted when 
we subgrouped patients into standard (HR: 1.10; 95% CI: 
1.03–1.19; P=0.008) and nonstandard treatment (HR: 1.17; 
95% CI: 1.10–1.25; P<0.0001) (Table 6). Decreased survival 
outcomes in Black patients were more pronounced for those 
who underwent nonstandard treatment, particularly when 
treating stage III disease (HR: 1.30; 95% CI: 1.19–1.42; 
P<0.0001). Conversely, Hispanic and Asian/Pacific Islander 
patients had a decreased risk of death (HR: 0.84; 95% CI: 
0.78–0.90; P<0.0001 and HR: 0.91; 95% CI: 0.84–0.98; 
P=0.019, respectively) compared to non-Hispanic White 
patients.

All findings were robust to complete case analysis.

Discussion

In this NCDB study including patients with stage II–III 
rectal adenocarcinoma, receipt of standard treatment was 
lower in Black and Hispanic White patients compared 
to non-Hispanic White patients. Moreover, nonstandard 
treatment was significantly associated with worse survival 
compared to those undergoing standard treatment. On 
subgroup analysis by race, Black patients had worse survival 
compared to White patients as a whole population, and in 
the standard and nonstandard treatment subgroups. This 
disparity in survival was most prominent in Black patients 
with stage III disease who received nonstandard treatment—
resulting in a 30% higher probability of death when 
compared to White patients who received nonstandard 
treatment. Within the standard treatment subgroups, the 
increased probability of death between Black and White 
patients was reduced to 13%.

Standard treatment has been shown to improve oncologic 
outcomes in rectal cancer, and now includes TNT regimens 
for advanced cases (10,11). The updated standard treatment 
recommendations are of particular importance for Black 
patients as incidence, stage at presentation, and mortality 
rates are higher when compared to White patients (2). The 
causes of increased CRC incidence and mortality in Black 
patients are multifactorial and involve complexities beyond 
merely treatment regimens, which supports our finding of 
continued survival discrepancies between Black and White 
patients undergoing standard treatment. A portion of this 
concerning disparity can be accounted for by the limited 
access to preventative, screening, and treatment resources 
associated with low socioeconomic environments (4,6,14). 

Table 4 Subgroup multivariate analysis—standard treatment as a 
function of race

Subgroup OR (95% CI) P value

All stages

Black vs. non-Hispanic White 0.75 (0.71–0.79) <0.0001

Stage II

Black vs. non-Hispanic White 0.71 (0.65–0.77) <0.0001

Stage III

Black vs. non-Hispanic White 0.79 (0.73–0.86) <0.0001

OR, odds ratio; CI, confidence interval.
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Table 5 Multivariable analysis—predictors of survival in rectal adenocarcinoma

Characteristics HR (95% CI) P value

Treatment type

Standard Reference

Nonstandard 1.689 (1.646–1.734) <0.001

Patient characteristics

Age (years)

18–49 Reference

50–64 1.191 (1.139–1.246) <0.001

65–79 1.716 (1.624–1.813) <0.001

≥80 3.497 (3.288–3.718) <0.001

Sex

Female Reference

Male 1.140 (1.110–1.171) <0.001

Race

Non-Hispanic White Reference

Hispanic White 0.839 (0.784–0.897) <0.001

Black 1.145 (1.090–1.202) <0.001

Asian/Pacific Islander 0.908 (0.837–0.984) 0.019

Other 0.988 (0.898–1.087) 0.809

CCI

0 Reference

1 1.264 (1.223–1.306) <0.001

2 1.671 (1.569–1.779) <0.001

3 2.144 (1.937–2.373) <0.001

Stage

II Reference

III 1.098 (1.070–1.127) <0.001

Facility/demographic characteristics

Facility type

Academic Reference

Community 1.136 (1.102–1.172) <0.001

Integrated network 1.071 (1.022–1.123) 0.004

Table 5 (continued)
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Table 5 (continued)

Characteristics HR (95% CI) P value

Facility location

East North Central Reference

East South Central 1.077 (1.014–1.144) 0.017

Middle Atlantic 0.971 (0.927–1.017) 0.207

Mountain 0.950 (0.884–1.020) 0.157

New England 0.998 (0.939–1.061) 0.950

Pacific 0.926 (0.880–0.974) 0.003

South Atlantic 0.974 (0.994–1.082) 0.090

West North Central 0.949 (0.900–1.001) 0.053

West South Central 0.920 (0.866–0.977) 0.007

Insurance

Private insurance Reference

Unknown 0.993 (0.899–1.098) 0.893

Medicaid 1.617 (1.526–1.714) <0.001

Medicare 1.349 (1.291–1.409) <0.001

Not insured 1.554 (1.454–1.662) <0.001

Other government 1.399 (1.261–1.552) <0.001

Median income

<$38,000 Reference

$38,000–$47,999 0.960 (0.921–1.002) 0.059

$48,000–$62,999 0.914 (0.873–0.958) <0.001

≥$63,000 0.815 (0.772–0.861) <0.001

Residence

Distance from facility (miles)

0–5 Reference

>5–10 0.955 (0.920–0.992) 0.016

>10–25 0.922 (0.889–0.956) <0.001

>25 0.893 (0.855–0.932) <0.001

Zip code population density

Not metropolitan Reference

Metropolitan 0.946 (0.908–0.985) 0.007

Table 5 (continued)
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Further investigation is essential but one potentially 
modifiable factor is the receipt of standard treatment, which 
is supported in our study as Black patients had a lower risk of 
mortality when compared to White patients in the standard 
treatment group compared to the nonstandard treatment 
group—particularly for those with stage III disease. 
Therefore, given the higher propensity for advanced disease 

in Black patients, the necessity for standard treatment 
is further heightened as modern TNT regimens have 
shown improved pathologic complete response and distant 
metastases rates in the recent RAPIDO and PRODIGE-23 
trials for locally advanced rectal cancer (10,11).

Our study showed Black patients had lower rates 
of standard treatment irrespective of cancer stage and 

Table 5 (continued)

Characteristics HR (95% CI) P value

Proportion of zip code without high school diploma (%)

<7.0 Reference

7.0–12.9 1.043 (1.002–1.085) 0.040

13.0–20.9 1.044 (0.996–1.095) 0.073

≥21.0 1.033 (0.975–1.093) 0.273

Year of diagnosis

2004 Reference

2005 1.024 (0.963–1.088) 0.451

2006 0.988 (0.929–1.052) 0.712

2007 0.979 (0.921–1.041) 0.498

2008 0.941 (0.886–1.000) 0.049

2009 0.973 (0.915–1.034) 0.376

2010 0.981 (0.922–1.043) 0.533

2011 0.900 (0.845–0.959) 0.001

2012 0.901 (0.843–0.962) 0.002

2013 0.881 (0.822–0.944) <0.001

2014 0.880 (0.817–0.949) 0.001

HR, hazard ratio; CI, confidence interval; CCI, Charlson-Deyo Comorbidity Index.
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Figure 3 Kaplan-Meier survival curves by race in those receiving (A) standard treatment, (B) nonstandard treatment.
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demographic characteristics, and is the first to include 
strict criteria for standard treatment utilizing concurrent 
chemoradiation. Although other demographic and 
socioeconomic factors were also independently associated 
with lower odds of receiving standard treatment, including 
age ≥80 years (0.241; 95% CI: 0.223–0.260), a CCI of 3 
(0.697; 95% CI: 0.603–0.805), and unknown insurance 
(0.327; 95% CI: 0.293–0.365), we chose to focus our study 
on the disparity for Black patients as poor survival is known 
in this population and the OR was clinically significant at 
0.75 (95% CI: 0.71–0.79). The unwarranted disparity in 
receipt of standard treatment showed increasingly worse 
outcomes for Black patients, and is supported by prior 
observational studies (3,5). In a matched NCDB study, 
the 5-year survival differences between Black and White 
patients with stage I–IV CRC decreased from a 9.2% 
absolute difference to 2.3% when matched for insurance 
and tumor characteristics. This absolute difference was not 
further reduced when matching by treatment in the whole 
cohort. However, there was improvement for those with 
stage II and III disease when stratified by stage, revealing 
differences in treatment may contribute to the overall racial 
survival disparity in select patients (5). Another recent 
NCDB analysis evaluated racial disparities in treatment for 
stage II and III rectal cancer at minority-serving hospitals. 
On multivariable analysis, treatment at minority-serving 
hospitals as well as Black race had lower odds of receiving 
standard treatment. After adjusting for covariates including 
standard treatment, patient characteristics, and disease 
specific variables, Black individuals continued to have a 
higher risk of mortality compared to White patients (15). 

This study presented similar findings to ours, however the 
definition of standard treatment was surgical resection (APR 
or LAR) as well as neoadjuvant and/or adjuvant systemic 
chemotherapy and any radiation therapy. It did not clearly 
define the importance of concurrent chemoradiation (as 
short course radiation was found to be used in a very small 
subset of patients). Furthermore, while consistent with our 
study in showing Black patients continued to have worse 
survival even when evaluated by subgroups who underwent 
standard treatment, there was no further evaluation of 
survival outcomes based on stage of disease.

In our study, while subgroup multivariable analysis shows 
a higher probability of death for Black compared to White 
patients undergoing standard treatment (HR: 1.10; 95% 
CI: 1.03–1.19), the probability was even higher in those 
receiving nonstandard treatment (HR: 1.17; 95% CI: 1.10–
1.25). For Black vs. White patients who received standard 
treatment, the HR for mortality remained relatively stable 
for stage II and III disease at 1.07 (95% CI: 0.96–1.19) and 
1.13 (95% CI: 1.02–1.25), respectively. In contrast, for Black 
vs. White patients who received nonstandard treatment, 
the HR increased in stage II and III disease from 1.07 (95% 
CI: 0.98–1.17) to 1.30 (95% CI: 1.19–1.42), respectively. 
Similar to the prior matched NCDB study, treatment type 
had a stronger contribution in those with stage III disease, 
pointing to the increased importance of standard treatment 
in these patients. While improving access among Black 
patients to standard treatment may only be a portion of the 
racial survival disparities, it is an important and modifiable 
factor that can reduce difference in outcomes between 
White and Black patients.

Table 6 Subgroup multivariable analysis—survival in standard vs. nonstandard treatment by race

Subgroup Standard, HR (95% CI), P value Nonstandard, HR (95% CI), P value

All patients

Black vs. White 1.10 (1.03–1.19), 0.008 1.17 (1.10–1.25), <0.0001

Other vs. White 0.98 (0.85–1.13), 0.810 0.99 (0.87–1.13), 0.908

Stage II

Black vs. White 1.07 (0.96–1.19), 0.198 1.07 (0.98–1.17), 0.131

Other vs. White 0.92 (0.74–1.14), 0.443 0.99 (0.83–1.17), 0.890

Stage III

Black vs. White 1.13 (1.02–1.25), 0.018 1.30 (1.19–1.42), <0.0001

Other vs. White 1.03 (0.85–1.25), 0.752 1.00 (0.83–1.21), 0.964

HR, hazard ratio; CI, confidence interval.
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Racial disparities in receipt of standard treatment has 
been shown in numerous cancers, including breast, prostate, 
lung, gynecologic, and gastrointestinal cancers (1,16-20). 
In a SEER analysis evaluating breast, non-small cell lung, 
and prostate cancer, Black patients were less likely to receive 
guideline concordant treatment than White patients, and 
mortality risks were lowered after adjusting for standard 
treatment (19). In an NCDB study evaluating standard 
treatment for locally advanced anal squamous cell carcinoma, 
racial survival differences that were present between Black 
and White patients were rectified in the subgroup that 
received standard treatment (20). In summation, these 
studies emphasize the importance of eliminating barriers to 
receipt of standard treatment to decrease racial disparities of 
standard treatment and survival outcomes.

Limitations of our study include the retrospective nature 
of the NCDB and potential coding and clerical errors. 
Data collection is only from CoC-accredited institutions 
which may not accurately reflect practices in all facilities 
nationwide. As with other retrospective studies, our results 
may be biased by additional confounding and unobserved 
patient and facility characteristics not encompassed 
within the NCDB. Additionally, while overall survival 
metrics are available, rectal cancer specific survival is not 
a collected datapoint and could not be assessed. Another 
limitation is our study was unable to examine short course 
radiation due to the small cohort represented within 
the NCDB. Furthermore, the complex and structurally 
integrated nature of racial disparities may involve intricate 
socioeconomic factors and predispositions beyond 
those stated here. However, while residual confounding 
factors may still exist, providing equal access to standard 
treatment should be a top priority and is not excused by 
unequal racial distributions by socioeconomic status. Our 
study demonstrates unequal rates of standard treatment 
in locally advanced rectal cancer between White and 
Black patients, as well as a widening of survival outcomes 
with nonstandard treatment. Establishing awareness of 
modifiable factors contributing to racial disparities is 
essential to ameliorate the differences in survival outcomes 
subjected to Black patients and to provide equal access to 
standard treatment.

Conclusions

Nonstandard treatment in stage II and III rectal cancer 
is associated with worse survival compared to standard 

treatment regimens. Black patients are more likely to 
receive nonstandard treatment and have worse survival 
outcomes compared to White patients, even when stratified 
by standard treatment. These survival differences are 
further amplified when Black patients receive nonstandard 
treatment, in particular for stage III disease. Ensuring all 
patients have equal access to standard treatment is critical to 
ameliorate racial disparities in rectal cancer outcomes.
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Supplementary

Table S1 Patient and demographic characteristics by race

Characteristics White (n=57,056), n (%) Black (n=6,023), n (%) Hispanic (n=3,738), n (%) Asian (n=1,434), n (%)

Patient characteristics

Age (years)

18–49 9,287 (16.3) 1,251 (20.8) 896 (24.0) 310 (21.6)

50–64 22,134 (38.8) 2,596 (43.1) 1,574 (42.1) 607 (42.3)

65–79 19,098 (33.5) 1,739 (28.9) 1,022 (27.3) 395 (27.5)

≥80 6,537 (11.5) 437 (7.3) 246 (6.6) 122 (8.5)

Sex

Female 21,723 (38.1) 2,506 (41.6) 1,325 (35.4) 522 (36.4)

Male 35,333 (61.9) 3,517 (58.4) 2,413 (64.6) 912 (63.6)

CCI

0 45,025 (78.9) 4,688 (77.8) 2,979 (79.7) 1,155 (80.5)

1 9,394 (16.5) 1,031 (17.1) 611 (16.3) 220 (15.3)

2 1,996 (3.5) 196 (3.3) 110 (2.9) 34 (2.4)

3 641 (1.1) 108 (1.8) 38 (1.0) 25 (1.7)

Facility/demographic characteristics

Facility type

Academic 18,791 (34.3) 2,700 (47.3) 1,405 (40.5) 613 (45.8)

Community 30,407 (55.4) 2,268 (39.7) 1,647 (47.5) 570 (42.6)

Integrated network 5,661 (10.3) 745 (13.0) 413 (11.9) 156 (11.7)

Facility location

East North Central 11,161 (20.3) 994 (17.4) 270 (7.8) 203 (15.2)

East South Central 3,661 (6.7) 475 (8.3) 14 (0.4) 22 (1.6)

Middle Atlantic 8,106 (14.8) 810 (14.2) 450 (13.0) 257 (19.2)

Mountain 2,513 (4.6) 61 (1.1) 295 (8.5) 131 (9.8)

New England 3,581 (6.5) 149 (2.6) 100 (2.9) 54 (4.0)

Pacific 5,637 (10.3) 226 (4.0) 940 (27.1) 210 (15.7)

South Atlantic 10,678 (19.5) 2,085 (36.5) 563 (16.2) 175 (13.1)

West North Central 5,859 (10.7) 245 (4.3) 60 (1.7) 127 (9.5)

West South Central 3,663 (6.7) 668 (11.7) 773 (22.3) 160 (11.9)

Distance from facility (miles)

0–5 14,438 (25.5) 2,368 (39.7) 1,250 (33.6) 375 (26.4)

>5–10 10,942 (19.4) 1,507 (25.3) 981 (26.4) 238 (16.7)

>10–25 15,160 (26.8) 1,134 (19.0) 903 (24.3) 318 (22.4)

>25 15,973 (28.3) 953 (16.0) 583 (15.7) 490 (34.5)

Insurance

Unknown 1,256 (2.2) 149 (2.5) 136 (3.6) 79 (5.5)

Medicaid 2,773 (4.9) 784 (13.0) 562 (15.0) 147 (10.3)

Medicare 23,734 (41.6) 2,171 (36.0) 1,094 (29.3) 412 (28.7)

Not insured 2,047 (3.6) 507 (8.4) 519 (13.9) 76 (5.3)

Other government 882 (1.5) 114 (1.9) 32 (0.9) 94 (6.6)

Private insurance 26,364 (46.2) 2,298 (38.2) 1,395 (37.3) 626 (43.7)

Zip code population density

Not metropolitan 12,700 (22.9) 693 (11.8) 271 (7.4) 346 (24.7)

Metropolitan 42,671 (77.1) 5,204 (88.2) 3,403 (92.6) 1,056 (75.3)

Median income of zip code

<$38,000 8,357 (14.8) 2,574 (43.1) 1,020 (27.5) 339 (23.9)

$38,000–$47,999 14,098 (25.0) 1,425 (23.9) 950 (25.6) 287 (20.2)

$48,000–$62,999 15,775 (27.9) 1,152 (19.3) 978 (26.3) 365 (25.7)

≥$63,000 18,256 (32.3) 817 (13.7) 765 (20.6) 429 (30.2)

Proportion of zip code without high school diploma (%)

<7.0 14,427 (25.5) 490 (8.2) 334 (9.0) 316 (22.2)

7.0–12.9 19,904 (35.2) 1,172 (19.6) 636 (17.1) 423 (29.8)

13.0–20.9 14,715 (26.0) 2,146 (35.9) 873 (23.5) 354 (24.9)

≥21.0 7,474 (13.2) 2,165 (36.2) 1,873 (50.4) 328 (23.1)

Year of diagnosis

2004 3,260 (5.7) 314 (5.2) 190 (5.1) 71 (5.0)

2005 3,662 (6.4) 346 (5.7) 206 (5.5) 85 (5.9)

2006 3,892 (6.8) 390 (6.5) 206 (5.5) 91 (6.3)

2007 4,371 (7.7) 460 (7.6) 242 (6.5) 104 (7.3)

2008 5,044 (8.8) 528 (8.8) 342 (9.1) 124 (8.6)

2009 5,410 (9.5) 557 (9.2) 363 (9.7) 149 (10.4)

2010 5,754 (10.1) 360 (10.5) 362 (9.7) 132 (9.2)

2011 5,794 (10.2) 633 (10.5) 403 (10.8) 136 (9.5)

2012 6,224 (10.9) 655 (10.9) 414 (11.1) 157 (10.9)

2013 6,517 (11.4) 742 (12.3) 500 (13.4) 187 (13.0)

2014 7,128 (12.5) 768 (12.8) 510 (13.6) 198 (13.8)

CCI, Charlson-Deyo Comorbidity Index.
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Table S2 Multivariate analysis—likelihood of not receiving surgery, chemo, or radiation in stage II–III rectal adenocarcinoma

Characteristics
No surgery No chemo No radiation

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Patient characteristics

Age (years)

18–49 Reference Reference Reference

50–64 0.885 (0.833–0.940) 6.55E-5 0.858 (0.794–0.926) 8.83E-5 0.887 (0.818–0.962) 0.00372

65–79 0.664 (0.615–0.717) <0.001 0.568 (0.518–0.623) <0.001 0.617 (0.559–0.681) <0.001

≥80 0.271 (0.248–0.295) <0.001 0.180 (0.163–0.200) <0.001 0.273 (0.245–0.304) <0.001

Sex

Female Reference Reference Reference

Male 0.953 (0.916–0.991) 0.0158 1.099 (1.049–1.150) 5.74E-5 1.053 (1.003–1.106) 0.0379

Race

White Reference Reference Reference

Hispanic 0.991 (0.908–1.083) 0.850 0.874 (0.789–0.968) 0.00991 0.854 (0.766–0.952) 0.00453

Black 0.729 (0.681–0.780) <0.001 0.902 (0.826–0.985) 0.0220 0.879 (0.803–0.962) 0.00522

Asian/Pacific Islander 1.086 (0.970–1.216) 0.153 0.999 (0.885–1.129) 0.990 1.207 (1.045–1.393) 0.0102

Other 0.885 (0.833–0.940) 0.015 0.800 (0.687–0.932) 0.00407 0.763 (0.651–0.893) 0.000777

CCI

0 Reference Reference Reference

1 1.245 (1.181–1.313) <0.001 0.838 (0.791–0.889) 3.75E-9 0.812 (0.763–0.863) <0.001

2 1.001 (0.904–1.107) 0.990 0.682 (0.611–0.760) <0.001 0.723 (0.644–0.813) 4.95E-8

3 0.889 (0.754–1.049) 0.164 0.513 (0.432–0.609) <0.001 0.610 (0.508–0.734) 1.50E-7

Facility/demographic characteristics

Facility type

Academic Reference Reference Reference

Community 1.005 (0.962–1.051) 0.814 1.128 (1.071–1.189) 5.86E-6 1.160 (1.097–1.226) 1.69E-7

Integrated network 1.201 (1.117–1.291) 8.09E-7 1.280 (1.173–1.395) 2.38E-8 1.186 (1.087–1.295) 0.000135

Facility location

East North Central Reference Reference Reference

East South Central 0.833 (0.760–0.912) 7.80E-5 0.716 (0.641–0.799) 2.95E-9 0.790 (0.705–0.886) 5.72E-5

Middle Atlantic 0.766 (0.715–0.819) <0.001 0.641 (0.591–0.695) <0.001 0.874 (0.803–0.952) 0.00187

Mountain 0.932 (0.839–1.035) 0.186 0.675 (0.598–0.763) 2.79E-10 0.759 (0.670–0.861) 1.74E-5

New England 0.956 (0.871–1.049) 0.341 0.851 (0.762–0.950) 0.00403 1.160 (1.024–1.314) 0.0198

Pacific 0.884 (0.820–0.954) 0.00145 0.360 (0.332–0.391) <0.001 0.621 (0.568–0.678) <0.001

South Atlantic 0.905 (0.848–0.965) 0.00218 1.020 (0.940–1.106) 0.641 0.921 (0.850–0.998) 0.0441

West North Central 1.153 (1.058–1.256) 0.00117 0.880 (0.798–0.971) 0.0112 1.246 (1.117–1.390) 7.94E-5

West South Central 0.665 (0.615–0.719) <0.001 0.724 (0.652–0.804) 1.70E-9 0.795 (0.714–0.886) 3.21E-5

Distance from facility (miles)

0–5 Reference Reference Reference

>5–10 1.066 (1.010–1.126) 0.0215 1.046 (0.980–1.116) 0.178 1.101 (1.027–1.182) 0.00715

>10–25 1.134 (1.075–1.197) 3.85E-6 1.084 (1.016–1.156) 0.0143 1.079 (1.007–1.156) 0.0314

>25 1.507 (1.412–1.609) <0.001 0.815 (0.758–0.876) 2.68E-8 0.761 (0.705–0.821) <0.001

Insurance

Private insurance Reference Reference Reference

Unknown 0.171 (0.153–0.190) <0.001 0.911 (0.776–1.069) 0.252 1.007 (0.846–1.199) 0.936

Medicaid 0.628 (0.580–0.680) <0.001 0.842 (0.760–0.933) 0.00102 0.924 (0.828–1.032) 0.161

Medicare 0.784 (0.736–0.835) <0.001 0.869 (0.808–0.934) 0.000143 0.873 (0.808–0.943) 0.000571

Not insured 0.584 (0.534–0.639) <0.001 1.078 (0.945–1.230) 0.265 1.020 (0.893–1.165) 0.772

Other government 0.296 (0.260–0.336) <0.001 0.963 (0.791–1.172) 0.705 2.588 (1.921–3.488) 4.14E-10

Zip code population density

Not metropolitan Reference Reference Reference

Metropolitan 1.121 (1.054–1.192) 0.000271 0.821 (0.793–0.884) 1.67E-7 0.776 (0.718–0.839) 1.66E-10

Median income of zip code

<$38,000 Reference Reference Reference

$38,000–$47,999 1.115 (1.047–1.187) 0.000669 0.946 (0.877–1.022) 0.158 0.925 (0.853–1.004) 0.0607

$48,000–$62,999 1.069 (0.999–1.145) 0.0545 0.939 (0.864–1.021) 0.140 0.933 (0.854–1.020) 0.127

≥$63,000 1.056 (0.975–1.143) 0.179 0.768 (0.699–0.844) 4.40E-8 0.869 (0.785–0.962) 0.00677

Proportion of zip code without high school diploma (%)

<7.0 Reference Reference Reference

7.0–12.9 0.962 (0.908–1.020) 0.191 0.978 (0.914–1.046) 0.514 1.009 (0.939–1.085) 0.799

13.0–20.9 0.886 (0.826–0.949) 0.000576 0.853 (0.786–0.924) 0.000107 0.952 (0.874–1.037) 0.263

≥21.0 0.814 (0.750–0.884) 1.03E-6 0.754 (0.685–0.830) 7.43E-9 0.968 (0.872–1.073) 0.532

Year of diagnosis

2004 Reference Reference Reference

2005 0.864 (0.775–0.964) 0.00866 1.112 (0.987–1.252) 0.0814 1.058 (0.921–1.215) 0.424

2006 0.900 (0.807–1.003) 0.0566 1.062 (0.944–1.193) 0.317 1.027 (0.897–1.176) 0.702

2007 0.932 (0.839–1.036) 0.195 1.187 (1.058–1.332) 0.00354 1.125 (0.985–1.285) 0.0836

2008 1.005 (0.907–1.115) 0.917 1.062 (0.951–1.186) 0.288 0.918 (0.809–1.041) 0.184

2009 0.956 (0.864–1.059) 0.392 1.129 (1.012–1.260) 0.0302 0.902 (0.797–1.022) 0.105

2010 1.063 (0.960–1.177) 0.239 1.302 (1.166–1.453) 2.71E-6 0.956 (0.845–1.082) 0.479

2011 1.015 (0.918–1.123) 0.773 1.479 (1.323–1.654) <0.001 1.049 (0.926–1.188) 0.450

2012 0.909 (0.824–1.004) 0.0593 1.674 (1.496–1.873) <0.001 1.113 (0.983–1.260) 0.0919

2013 0.926 (0.839–1.021) 0.122 1.931 (1.724–2.163) <0.001 1.173 (1.036–1.328) 0.0116

2014 0.885 (0.803–0.974) 0.0128 2.037 (1.820–2.280) <0.001 1.080 (0.957–1.220) 0.213

HR, hazard ratio; CI, confidence interval; CCI, Charlson-Deyo Comorbidity Index.


