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Abstract 

Background 

The incidence of early-onset colorectal cancer (eoCRC), diagnosed at age 

<50 years, is increasing in the United States. Prior studies using national and 

state cancer databases have observed higher eoCRC mortality after diagno-

sis among non-Hispanic Black (NHB) patients. These studies, however, 

often did not account for insurance status, access to care, and comorbidity 

burden, which may contribute to the observed disparities.  We examined the 

associations between race and ethnicity and neighborhood-level socioeco-

nomic status (measured by the neighborhood deprivation index (NDI)) and 

survival among persons with eoCRC in a large integrated healthcare deliv-

ery system whose racially/ethnically diverse members have standardized 

access to care. 

Methods 

We included Kaiser Permanente Southern California (KPSC) members diag-

nosed with eoCRC (age 15-49 years) between 2009-2020 and followed them 

through 12/31/2023. Patients with <12 months of prior KPSC membership, 

an unspecific CRC site, or other/unknown race/ethnicity were excluded. 

Bivariate and multivariable Cox models were used to estimate hazard ratios 

(HRs) for the associations between race/ethnicity and NDI and all-cause and 

CRC-specific mortality. Multivariable models were adjusted for age at diag-

nosis, sex, Charlson comorbidity score, obesity, stage at diagnosis, cancer 

site, and histologic subtype. Subgroup analyses were conducted by stage at 

diagnosis (localized vs. advanced). 

Results 

Of 1,695 eoCRC cases included, we observed 465 deaths (among those with 

known cause, 417 (90.3%) were CRC-specific). The mean follow-up time 
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was 6.8 years. In the adjusted models, NHB and non-Hispanic Asian/Pacific Islander (NH API) pa-

tients, but not Hispanic patients, had significantly higher all-cause mortality [HR=1.62, 95% CI: 1.14-

2.29; HR=1.44 (1.08-1.93), respectively] compared with non-Hispanic White (NHW) patients. In the 

subgroup analyses, race and ethnicity were not associated with all-cause mortality among patients with 

localized disease. However, among patients diagnosed with advanced disease, NHB patients had a sig-

nificantly higher risk of all-cause mortality compared with NHW patients (HR=1.54, 95% CI: 1.07-

2.22, p=0.02). Similar findings were observed for CRC-specific mortality, overall and by cancer stage. 

NDI was not significantly associated with all-cause or CRC-specific mortality.  

Conclusions 

In this insured population, NHB race and ethnicity were associated with increased risk of CRC-specific 

mortality among those diagnosed with advanced stage eoCRC. However, the number of NHB patients 

diagnosed at distant stages was small. Therefore, future research is needed to confirm these findings 

and better understand potential survival disparities.  

Introduction 

The incidence of early-onset colorectal cancer (eoCRC, defined as diagnosed before age 50 years) has 

been increasing by 2-3% annually in the United States (US).1-6 Between 1988 and 2015, the incidence 

of eoCRC has increased by more than 60%, and eoCRC now accounts for approximately 10% of all 

new CRC diagnoses in the US.1  

Compared with CRC diagnosed later in life, patients diagnosed with eoCRC are more likely to present 

with advanced-stage disease. Their tumors tend to present with more aggressive features, such as distal 

colon tumors and poorly differentiated, mucinous, or signet ring histology.7 Five-year survival rates 

vary substantially by stage: approximately 90% for localized disease, 71% for regional disease, and 

14% for distant-stage eoCRC.  

Several prior population-based studies using national and state cancer registries have observed differ-

ences in survival after eoCRC diagnosis by race and ethnicity and socioeconomic status (SES). These 

studies have consistently reported inferior overall and disease-specific survival among non-Hispanic 

Black (NHB) patients compared with non-Hispanic White (NHW) patients, despite adjusting for socio-

economic factors.8-15 Some studies have also reported inferior survival among Hispanic and Native 

Hawaiian or Pacific Islander patients.8, 9 However, most prior studies do not comprehensively adjust for 

insurance status, SES factors, lifestyle factors, and comorbidities when evaluating the association be-

tween race/ethnicity and survival after eoCRC.  

A few prior studies have evaluated the association between neighborhood-level SES and survival 

among eoCRC patients, and have reported an inverse association between certain neighborhood-level 

SES measures and mortality after eoCRC diagnosis.11, 14  It remains unclear if the observed difference 

in eoCRC survival across race and ethnicity and neighborhood-level SES subgroups are explained by 

confounding by insurance status, access to care, lifestyle factors, or baseline comorbidity; or if the sur-

vival differences stem from differences in disease or treatment-related factors, or other care gaps.    

A better understanding of the potential mechanisms underlying the survival differences by race/

ethnicity and neighborhood-level SES observed in registry-based studies is needed to guide the devel-

opment of strategies to improve equity in survival outcomes. Here we examined the associations be-

tween race and ethnicity and neighborhood deprivation index (NDI) with all-cause and colorectal can-

cer (CRC)-specific mortality among eoCRC cases in a large integrated healthcare delivery system 

whose racially/ethnically diverse members have relatively equal access to care to assess whether sur-
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vival differences persist after accounting for access to health insurance and care. 

Materials and Methods 

Study Setting & Population 

We conducted a retrospective cohort study at Kaiser Permanente Southern California (KPSC). KPSC is 

an integrated healthcare delivery system that services over 4.7 million members. KPSC members are 

racially, ethnically, and socioeconomically diverse and are broadly representative of Southern Califor-

nia residents.16  

We included KPSC members diagnosed with invasive eoCRC (age 15-49 years) between 2009 and 

2020 and followed them through December 31, 2023. EoCRC cases were identified using KPSC’s 

SEER-affiliated cancer registry. Patients with (1) <12 months of prior KPSC membership, (2) another 

cancer diagnosis prior to the CRC diagnosis, and (3) an unspecified CRC site were excluded from the 

analysis. Additionally, we excluded patients with unknown race/ethnicity. Those with less than 12 

months of KPSC membership were also excluded to ensure ascertainment of comorbidities.  

Data Collection 

The outcomes of interest were all-cause mortality and CRC-specific mortality, which were collected 

from membership files in KPSC’s electronic health records (EHR). Cause of death was obtained using 

ICD-10 codes and subsequently categorized as CRC-related or not. 

Race and ethnicity and NDI, our exposures of interest, were collected from KPSC’s membership file 

and geocoded data. Race and ethnicity were self-reported and categorized as Non-Hispanic (NH) 

Asian/Pacific Islander (API), NH Black (NHB), Hispanic, NH White (NHW). NDI was categorized 

into quartiles from least deprived to most deprived based on the distribution in the study cohort. 

Data on CRC characteristics, including date of diagnosis, stage at diagnosis, tumor histology, and ana-

tomic site, were collected from KPSC’s SEER-affiliated cancer registry. All other data were collected 

from KPSC’s EHR. Demographic and clinical information obtained included age at diagnosis, sex 

(male, female), length of KPSC membership, body mass index (BMI) (obese: ≥30 kg/m2 vs. not obese: 

<30 kg/m2; measured using the closest value at or prior to eoCRC diagnosis), and Charlson’s comor-

bidity score17 (0, 1, >1; measured within 12 months prior to diagnosis).  

Statistical Analysis 

Descriptive analyses were conducted to evaluate the distribution of demographic and clinical character-

istics of the study population by race and ethnicity and NDI using t-tests for continuous variables and 

Chi-square tests for categorical variables. Kaplan-Meier survival curves for both all-cause and CRC-

specific mortality were generated by race and ethnicity and NDI quartiles, overall, and stratified by 

stage at diagnosis (localized vs. advanced stages). Differences in survival across race and ethnicity and 

NDI quartiles were assessed using the log-rank test.  

Bivariate and multivariable Cox models were used to estimate hazard ratios (HRs) and 95% confidence 

intervals (CIs) for the associations of race and ethnicity and NDI with all-cause and CRC-specific mor-

tality. Individuals were censored at end of study follow-up (12/31/2023) for the all-cause mortality out-

come; and at end of study follow-up or death due to non-CRC causes for the CRC-specific mortality 

outcome. Those with unknown stage at diagnosis (n=7, 0.41%) were excluded from the analysis. Multi-

variable models adjusted for age at diagnosis, sex, Charlson comorbidity score, obesity, stage at diag-

nosis, cancer site, and histologic subtype. Subgroup analyses were conducted by stage at diagnosis 

(localized vs. advanced stages (regional and distant)). All analyses were repeated, restricting to adeno-
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carcinoma only. Rubin’s multiple imputations were used to impute missing value for obesity (n=19).18 

All analyses were conducted in SAS statistical software Version 9.4 (Cary, North Carolina, USA). 

Results 

There were 2,191 KPSC members diagnosed with eoCRC during the study period. Of these individu-

als, 447 were excluded for having <12months of KPSC membership prior to their diagnosis, 24 were 

excluded for having unknown race/ethnicity, and 25 were excluded for missing information on cancer 

site. Of the 1,695 eoCRC cases included, we observed 465 deaths over a mean follow-up time of 6.8 

years (standard deviation (SD) = 3.9) (Tables 1 and 2). Of these deaths with known causes (462 

deaths), 417 (90.3%) were CRC-specific deaths. The mean age at diagnosis for the study cohort was 

41.8 years (SD = 6.8).  

When examining the eoCRC cases by race and ethnicity, there was a higher proportion of obesity 

among NHB (51.2%), and Hispanic (46.9%) patients compared to other racial/ethnic groups (Table 1). 

About a quarter (23.8%) of Hispanic patients were diagnosed with a distant stage tumor, followed by 

NHW (20.8%), NH API (18.5%), and NHB (16.4%) patients. NHB (64.3%), NHW (60.9%), and His-

panic (60.6%) patients were more likely to be diagnosed with a colon tumor than NH API patients, who 

were more likely to be diagnosed with a rectal or rectosigmoidal tumor (52.3%). NHB patients had the 

highest proportion of individuals in the ‘most deprived’ NDI quartile (40.9%), followed by Hispanic 

patients (37.3%). NHW patients had the highest proportion of individuals in the ‘least deprived’ NDI 

quartile (39.8%), followed by NH API patients (31.3%) (Table 1).  The distributions of sex and comor-

bidity status did not differ significantly across race and ethnicity (Table 1). 

  
  

Race and Ethnicity     

Non-Hispanic 
Asian/Pacific 
Islander 

Non-Hispanic 
Black 

Hispanic 
Non-Hispanic 
White 

Total 
P Value 

(N=243) (N=171) (N=705) (N=576) (N=1695) 

Age at diagnosis, mean 
(SD) 

42.6 (5.7) 43.1 (6.1) 41.2 (7.0) 41.8 (7.0) 41.8 (6.8) <0.01 

Sex           0.12 

Female 125 (51.4%) 100 (58.5%) 351 (49.8%) 277 (48.1%) 853 (50.3%)  

Male 118 (48.6%) 71 (41.5%) 354 (50.2%) 299 (51.9%) 842 (49.7%)   

Neighborhood Depriva-
tion Index 

          <0.01 

Quartile 1 (least de-
prived) 

76 (31.3%) 22 (12.9%) 85 (12.1%) 229 (39.8%) 412 (24.3%)   

Quartile 2 69 (28.4%) 36 (21.1%) 149 (21.1%) 173 (30.1%) 427 (25.2%)   

Quartile 3 58 (23.9%) 43 (25.2%) 208 (29.5%) 113 (19.7%) 422 (24.9%)   

Quartile 4 (most de-
prived) 

40 (16.5%) 70 (40.9%) 263 (37.3%) 60 (10.4%) 433 (25.6%)   

Obesity           <0.01 

No 194 (80.8%) 83 (48.8%) 370 (53.1%) 377 (66.3%) 1024 (61.1%)   

Yes 46 (19.2%) 87 (51.2%) 327 (46.9%) 192 (33.7%) 652 (38.9%)   

Charlson's comorbidity 
score 

          0.50 

Charlson score = 0 178 (73.3%) 119 (69.6%) 500 (70.9%) 430 (74.7%) 1227 (72.4%)   

     Charlson score = 1 52 (21.4%) 45 (26.3%) 159 (22.6%) 118 (20.5%) 374 (22.1%)   

Table 1. Demographic and clinical characteristics of invasive early-onset colorectal cancer cohort by race and ethnicity. 
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When examining the eoCRC cases by NDI quartiles,  there were more NH API and NHW patients in 

the least deprived quartiles of NDI: NH API 18.5% and NHW 55.6% vs. NHB 5.3% and Hispanic 

20.6%, while there were more NHB and Hispanic patients in the most deprived quartiles: NH API 

9.2% and NHW 13.9% vs. NHB 16.2% and Hispanic 60.7% (Table 2). There was a higher proportion 

of obesity among the more deprived subgroups compared to the least deprived quartile. The distribu-

tions of comorbidity status, stage at diagnosis, tumor site, and histology type did not differ significantly 

between NDI quartiles (Table 2).  

Figure 1 shows the Kaplan-Meier survival curves by race and ethnicity, overall and by stage at diagno-

sis. No clear difference was seen across racial/ethnic subgroups for overall and localized diseases. 

Among those with advanced stage diseases, NHB appeared to have poorer survival; although the over-

all difference in survival across race and ethnicity was not statistically significant (log-rank p-

value=0.08). In the crude Cox models, there were no significant differences in all-cause mortality when 

comparing NH API, NHB, and Hispanic patients to NHW patients (HRNH API = 1.12, 95% CI: 0.84-

1.49; HRNHB = 1.04, 95% CI: 0.75-1.44; HRHispanic = 1.15, 95% CI: 0.93-1.41). The results were similar 

for CRC-specific death (Table 3). However, in the adjusted models, NH API and NH B patients, but 

not Hispanic patients, had significantly higher all-cause mortality (HRNH API = 1.44, 95% CI: 1.08-1.93, 

p = 0.01; HRNHB = 1.62, 95% CI: 1.14-2.29, p = 0.01) compared with NHW patients (Table 3). Similar-

ly, NHB and NH API patients, but not Hispanic patients, had significantly higher CRC-specific death 

Charlson score >1 13 (5.3%) 7 (4.1%) 46 (6.5%) 28 (4.9%) 94 (5.6%)   

SEER Tumor Stage           0.10 

Localized 95 (39.1%) 85 (49.7%) 293 (41.6%) 228 (39.6%) 701 (41.4%)   

Regional 101 (41.6%) 58 (33.9%) 242 (34.3%) 225 (39.1%) 626 (36.9%)   

Distant 45 (18.5%) 28 (16.4%) 168 (23.8%) 120 (20.8%) 361 (21.3%)   

Tumor Site          <0.01 

Colon right side 37 (15.2%) 49 (28.7%) 162 (23.0%) 142 (24.7%) 390 (23.0%)   

Colon left side 71 (29.2%) 48 (28.1%) 235 (33.3%) 188 (32.6%) 542 (32.0%)   

Rectum & rectosig-
moid 

127 (52.3%) 61 (35.7%) 278 (39.4%) 225 (39.1%) 691 (40.8%)   

Transverse colon 8 (3.3%) 13 (7.6%) 30 (4.3%) 21 (3.7%) 72 (4.2%)   

Histology type, n (%)           0.04 

Adenocarcinoma 205 (84.4%) 136 (79.5%) 576 (81.7%) 501 (87.0%) 1418 (83.7%)   

Neuroendocrine 36 (14.8%) 33 (19.3%) 126 (17.9%) 68 (11.8%) 263 (15.5%)   

Sarcoma/Squamous/
Other 

2 (0.8%) 2 (1.2%) 3 (0.42%) 7 (1.2%) 14 (0.8%)   

All-cause mortality by 
the end of 2023 

          0.85 

No 175 (72.0%) 125 (73.1%) 505 (71.6%) 425 (73.8%) 1230 (72.6%)   

Yes 68 (28.0%) 46 (26.9%) 200 (28.4%) 151 (26.2%) 465 (27.4%)   

CRC-specific mortality 
by end of 2023 

      0.85 

No 183 (75.6%) 130 (76.0%) 523 (74.3%) 439 (76.3%) 1275 (75.4%)   

Yes 59 (24.4%) 41 (24.0%) 181 (25.7%) 136 (23.7%) 417 (24.6%)   

*ANOVA test for continuous variables; chi-square test for categorical variables (N (%)) 

Abbreviations: SD, standard deviation; CRC, colorectal cancer; SEER, Surveillance, Epidemiology, and End Results 

Percent may not add up to 100% due to missing values  
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Figure 1. Kaplan-Meier survival curves for all-cause mortality and CRC-specific mortality, overall and by stage 

at diagnosis, by race and ethnicity. 
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Neighborhood Deprivation Index   

Quartile 1 
(Least De-
prived) 

Quartile 2 
(Less De-
prived) 

Quartile 3 
(More De-
prived) 

Quartile 4 
(Most Deprived) 

Total 
P 
Value 

(N=412) (N=427) (N=422) (N=433) (N=1694)   

Age at Diagnosis, 
Mean (SD) 

42.3 (6.65) 42.2 (6.51) 41.9 (6.31) 40.8 (7.48) 41.8 (6.77) 0.01 

Sex           0.56 

Female 213 (51.70%) 214 (50.12%) 219 (51.90%) 206 (47.58%) 852 (50.30%)   

Male 199 (48.30%) 213 (49.88%) 203 (48.10%) 227 (52.42%) 842 (49.70%)   

Race and Ethnicity           <0.01 

    Non-Hispanic 
Asian/ 
    Pacific Islander 

76 (18.45%) 69 (16.16%) 58 (13.74%) 40 (9.24%) 243 (14.34%)   

    Non-Hispanic 
Black 

22 (5.34%) 36 (8.43%) 43 (10.19%) 70 (16.17%) 171 (10.09%)   

    Hispanic 85 (20.63%) 149 (34.89%) 208 (49.29%) 263 (60.74%) 705 (41.62%)   

    Non-Hispanic 
White 

229 (55.58%) 173 (40.52%) 113 (26.78%) 60 (13.86%) 575 (33.94%)   

    Other/Unknown 76 (18.45%) 69 (16.16%) 58 (13.74%) 40 (9.24%) 243 (14.34%)   

Obesity      <0.01 

No 290 (70.90%) 262 (62.53%) 230 (55.02%) 241 (56.18%) 
1023 
(61.07%) 

  

Yes 119 (29.10%) 157 (37.47%) 188 (44.98%) 188 (43.82%) 652 (38.93%)   

Charlson's Comor-
bidity Score 

          0.36 

Charlson score = 0 314 (76.21%) 298 (69.79%) 306 (72.51%) 308 (71.13%) 
1226 
(72.37%) 

  

    Charlson score = 1 77 (18.69%) 107 (25.06%) 94 (22.27%) 96 (22.17%) 374 (22.08%)   

Charlson score >1 21 (5.10%) 22 (5.15%) 22 (5.21%) 29 (6.70%) 94 (5.55%)   

SEER Tumor Stage           0.27 

Localized 159 (38.59%) 182 (42.62%) 171 (40.52%) 188 (43.42%) 700 (41.32%)   

Regional 172 (41.75%) 144 (33.72%) 157 (37.20%) 153 (35.33%) 626 (36.95%)   

Distant 80 (19.42%) 100 (23.42%) 90 (21.33%) 91 (21.02%) 361 (21.31%)   

Tumor Site           0.55 

Colon right side 126 (30.58%) 135 (31.62%) 144 (34.12%) 137 (31.64%) 542 (32.00%)   

Colon left side 101 (24.51%) 94 (22.01%) 88 (20.85%) 107 (24.71%) 390 (23.02%)   

Rectum & rec-
tosigmoid 

170 (41.26%) 172 (40.28%) 176 (41.71%) 172 (39.72%) 690 (40.73%)   

Transverse colon 15 (3.64%) 26 (6.09%) 14 (3.32%) 17 (3.93%) 72 (4.25%)   

Histology Type, n 
(%) 

          0.65 

Adenocarcinoma 343 (83.25%) 360 (84.31%) 356 (84.36%) 359 (82.91%) 
1418 
(83.71%) 

  

Neuroendocrine 63 (15.29%) 64 (14.99%) 65 (15.40%) 70 (16.17%) 262 (15.47%)   

Sarcoma/
Squamous/Other 

6 (1.46%) 3 (0.70%) 1 (0.24%) 4 (0.92%) 14 (0.83%)   

All-cause mortality 
by the end of 2023 

          0.95 

Table 2. Demographic and clinical characteristics of invasive early-onset colorectal cancer cohort by neighborhood deprivation 

index.  
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rates compared with NHW patients (Table 3). The change between the crude and adjusted estimates for 

NH API and NHB was primarily due to adjustment by stage at diagnosis.  

Kaplan-Meier survival curves by NDI quartiles were provided in Supplemental Figure 1, showing no 

clear difference between subgroups. In both the crude and adjusted models, there were no significant 

differences in all-cause or CRC-specific mortality  when comparing those in the more deprived NDI 

Quartiles (Quartiles 2-4) to the least deprived quartile (Quartile 1) (adjusted all-cause mortality: HRQuar-

tile 4= 0.80, 95% CI: 0.60, 1.07; CRC-specific death: HRQuartile 4 = 0.85, 95% CI: 0.63, 1.15) (Table 3).  

No 295 (71.60%) 310 (72.60%) 306 (72.51%) 318 (73.44%) 
1229 
(72.55%) 

  

Yes 117 (28.40%) 117 (27.40%) 116 (27.49%) 115 (26.56%) 465 (27.45%)   

CRC-specific mor-
tality by end of 2023 

          0.96 

No 310 (75.61%) 319 (74.71%) 316 (74.88%) 329 (76.16%) 
1274 
(75.34%) 

  

Yes 100 (24.39%) 108 (25.29%) 106 (25.12%) 103 (23.84%) 417 (24.66%)   

*ANOVA test for continuous variables; chi-square test for categorical variables (N (%)) 

Abbreviations: SD, standard deviation; CRC,  

1 patient had missing Neighborhood Deprivation Index information and was not included in Table 2. 

Percent may not add up to 100% due to missing values.  

  

All-Cause Mortality CRC-Specific Mortality 

N 

Crude Adjusted* 

N 

Crude Adjusted* 

HR 95% 
CI 

P 
HR 95% 
CI 

P HR 95% CI P 
HR 95% 
CI 

P 

Race and eth-
nicity 

All histology 

    Non-Hispanic 
White 

151 ref - ref - 136 ref - ref - 

NH-Asian/ 
Pacific Is-

lander 
68 

1.12 
(0.84-1.49) 

0.44 
1.44 
(1.08-1.93) 

0.01 59 
1.08 
(0.80-1.46) 

0.62 
1.42 
(1.04-1.94) 

0.03 

Non-Hispanic 
Black 

46 
1.04 
(0.75-1.44) 

0.83 
1.62 
(1.14-2.29) 

0.01 41 
1.03 
(0.73-1.47) 

0.85 
1.62 
(1.12-2.35) 

0.01 

Hispanic 200 
1.15 
(0.93-1.41) 

0.21 
1.10 
(0.87-1.39) 

0.42 181 
1.15 
(0.92-1.43) 

0.23 
1.09 
(0.86-1.40) 

0.47 

Neighborhood 
Deprivation 
Index 

                    

    Quartile 1 
   (least deprived) 

117 ref - ref - 100 ref - ref - 

Quartile 2 117 
0.98 
(0.76-1.26) 

0.87 
0.83 
(0.63-1.08) 

0.16 108 
1.05 
(0.80-1.37) 

0.74 
0.88 
(0.67-1.17) 

0.38 

Quartile 3 116 
1.00 
(0.78-1.30) 

0.97 
0.84 
(0.64-1.11) 

0.21 106 
1.06 
(0.81-1.40) 

0.66 
0.90 
(0.67-1.20) 

0.46 

Quartile 4 
(most de-

prived) 
115 

0.93 
(0.72-1.20) 

0.56 
0.80 
(0.61-1.06) 

0.13 103 
0.97 
(0.74-1.28) 

0.82 
0.85 
(0.63-1.15) 

0.30 

Race and eth-
nicity 

Adenocarcinoma only 

    NH-White 145 ref - ref   132 ref - ref - 

NH-Asian/ 
Pacific Is-

lander 
65 

1.18 
(0.88-1.58) 

0.27 
1.48 
(1.10-2.00) 

0.01 57 
1.14 
(0.83-1.55) 

0.42 
1.44 
(1.05-1.98) 

0.02 

Table 3. Cox regression models for all-cause mortality and colorectal cancer (CRC)-specific death among early-onset CRC          

patients. 
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In the subgroup analyses, among persons diagnosed with localized eoCRC, race and ethnicity were not 

associated with all-cause mortality (HRNH API = 0.94, 95% CI: 0.35-2.49; HRNHB = 0.85, 95% CI: 0.27-

2.73, HRHispanic = 1.15, 95% CI: 0.55-2.40 in comparison to NHW) (Table 4). Similarly, race and eth-

nicity were not associated with CRC-specific death among patients with localized disease. Among pa-

tients diagnosed with advanced stages, NHB patients had a significantly higher risk of all-cause mortal-

ity compared with NHW patients (HRNHB = 1.54, 95% CI: 1.07-2.22, p=0.02). Similar findings were 

observed for CRC-specific mortality (Table 4). Similar findings were observed for CRC-specific death 

(Table 4). NDI was not associated with all-cause mortality or CRC-specific death across cancer stage 

at diagnosis (Table 4). 

When analyses were restricted to patients with adenocarcinoma only, overall and by stage-at-diagnosis 

results were similar to those observed in analyses including all histologic subtypes. 

NH-Black 41 
1.06 
(0.75-1.51) 

0.72 
1.56 
(1.08-2.25) 

0.02 38 
1.09 
(0.76-1.56) 

0.64 
1.59 
(1.09-2.33) 

0.02 

Hispanic 190 
1.23 
(0.99-1.52) 

0.06 
1.09 
(0.86-1.38) 

0.49 175 
1.24 
(0.99-1.55) 

0.07 
1.09 
(0.85-1.40) 

0.49 

Neighborhood 
Deprivation 
Index 

                    

   Quartile 1 
   (least deprived) 

110 ref - Ref   96 Ref - Ref - 

Quartile 2 114 
1.02 
(0.79-1.33) 

0.86 
0.83 
(0.63-1.09) 

0.17 105 
1.07 
(0.81-1.41) 

0.64 
0.87 
(0.65-1.16) 

0.34 

Quartile 3 109 
0.99 
(0.76-1.29) 

0.94 
0.82 
(0.62-1.09) 

0.18 102 
1.05 
(0.80-1.39) 

0.73 
0.88 
(0.66-1.19) 

0.42 

Quartile 4 
(most de-

prived) 
108 

0.93 
(0.72-1.22) 

0.62 
0.80 
(0.60-1.07) 

0.14 99 
0.98 
(0.74-1.30) 

0.88 
0.85 
(0.63-1.15) 

0.30 

HR: Hazard Ratio; CI: Confidence Interval 

*Adjusted for age at diagnosis, sex, obesity, Charlson’s comorbidity score, SEER tumor stage, tumor site, and histology type. 

  

All-Cause Mortality CRC-Specific Mortality 

Localized Advanced Localized Advanced 

N 
HR 95% 
CI 

P N 
HR 95% 
CI 

P N 
HR 95% 
CI 

P N 
HR 95% 
CI 

P 

  All histology 

Race and 
ethnicity 

                        

  NH-White 16 ref - 135     10 ref - 126     

  NH-Asian/ 
  Pacific Is-
lander 

6 
0.94 
(0.35-2.49) 

0.90 62 
1.29 
(0.95-1.75) 

0.10 4 
1.00 
(0.29-3.40) 

1.00 55 
1.22 
(0.89-1.68) 

0.22 

  NH-Black 4 
0.85 
(0.27-2.73) 

0.79 42 
1.54 
(1.07-2.22) 

0.02 2 
0.62 
(0.12- 3.14) 

0.57 39 
1.50 
(1.03-2.19) 

0.04 

  Hispanic 19 
1.15 
(0.55-2.40) 

0.70 181 
1.22 
(0.96-1.56) 

0.10 12 
1.23 
(0.48- 3.16) 

0.66 169 
1.21 
(0.94-1.56) 

0.13 

Neighbor-
hood Depri-
vation Index 

                        

Table 4. Multivariable Cox regression models for all-cause mortality and colorectal cancer (CRC)-specific death among early-onset 

CRC patients by stage at diagnosis. 
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Discussion 

In this racially and ethnically diverse cohort of persons with eoCRC within a large integrated health 

care delivery system, NH API and NHB patients had a 44% and 62% higher risk of all-cause mortality, 

respectively, compared with NHW patients, after comprehensively adjusting for sociodemographic and 

clinical factors. When stratified by stage at diagnosis, NHB race and ethnicity were associated with 

increased mortality risk compared with NHW among those diagnosed with advanced stage eoCRC. In 

contrast, NDI was not associated with mortality outcomes in this cohort.  Notably, the majority (90.3%) 

of deaths in our study population were CRC-specific deaths. Therefore, findings for all-cause mortality 

largely reflect findings for CRC-specific mortality. The persistence of survival difference by race and 

ethnicity after adjustment for clinical prognostic factors despite relatively equal access to healthcare 

among members within the KPSC suggests that factors beyond healthcare access, socioeconomic sta-

tus, comorbidity status, and lifestyle factors may contribute to the observed inequities.  

Previous studies using national or state cancer registries have demonstrated racial and ethnic differ-

Quartile 1 
(least de-
prived) 

11 ref - 106     5 ref - 95     

Quartile 2 15 
1.45 
(0.64-3.28) 

0.38 102 
0.96 
(0.73-1.27) 

0.79 12 
2.64 
(0.88- 7.91) 

0.08 96 
0.99 
(0.74-1.33) 

0.97 

Quartile 3 7 
0.87 
(0.32-2.37) 

0.78 109 
0.98 
(0.74-1.30) 

0.88 3 
0.83 
(0.18- 3.72) 

0.80 103 
1.03 
(0.76-1.38) 

0.86 

Quartile 4
(most de-
prived) 

12 
1.16 
(0.46-2.94) 

0.76 103 
0.86 
(0.64-1.16) 

0.32 8 
2.03 
(0.56- 7.33) 

0.28 95 
0.90 
(0.66-1.22) 

0.49 

    Adenocarcinoma only 

Race and 
ethnicity 

                    

NH-White 14 ref - 131 ref - 9 ref - 123 ref - 

NH-Asian/ 
Pacific 

Islander 
4 

0.88 
(0.28-2.82) 

0.83 61 
1.32 
(0.97-1.79) 

0.08 3 
0.94 
(0.23- 3.79) 

0.93 54 
1.23 
(0.89-1.71) 

0.21 

NH-Black 3 
0.67 
(0.17-2.59) 

0.56 38 
1.48 
(1.01-2.17) 

0.04 2 
0.67 
(0.13-3.61) 

0.64 36 
1.46 
(0.99-2.16) 

0.06 

Hispanic 16 
1.10 
(0.49-2.44) 

0.82 174 
1.22 
(0.95-1.56) 

0.11 11 
1.14 
(0.43-3.06) 

0.79 164 
1.22 
(0.94-1.57) 

0.13 

Neighbor-
hood Depri-
vation Index 

                    

Quartile 1 
(least de-

prived) 
8 ref - 102 ref - 4 ref - 92 ref - 

Quartile 2 13 
1.76 
(0.69-4.44) 

0.23 101 
0.97 
(0.73-1.29) 

0.85 10 
3.06 
(0.89-
10.46) 

0.08 95 
1.00 
(0.75-1.35) 

0.99 

Quartile 3 6 
0.92 
(0.30-2.83) 

0.89 103 
0.95 
(0.71-1.27) 

0.75 3 
1.07 
(0.22-5.29) 

0.94 99 
1.01 
(0.75-1.37) 

0.93 

Quartile 4 
    (most de-
prived) 

10 
1.31 
(0.45-3.81) 

0.62 98 
0.86 
(0.64-1.17) 

0.34 8 
2.75 
(0.67-
11.27) 

0.16 91 
0.89 
(0.65-1.22) 

0.48 

NH: Non-Hispanic; HR: Hazard Ratio; CI: Confidence Interval 

*Adjusted for age at diagnosis, sex, obesity, Charlson’s comorbidity score, tumor site, and histology type. 
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ences in survival among eoCRC patients. A recent study using data from the Surveillance, Epidemiolo-

gy, and End Results Program (SEER) reported that 5-year relative survival for eoCRC was 69.1% for 

White, 66.5% for Asian/Pacific Islander, 63.1% for Hispanic, and 57.6% for Black patients.8 These 

differences persisted after adjusting for demographics and cancer characteristics. Additionally, Black 

and Hispanic patients were significantly associated with higher all-cause mortality after adjusting for 

demographics, county-level median household income, and cancer characteristics. Another study using 

California Cancer Registry data reported that NHB patients had significantly higher CRC-specific mor-

tality compared with NHW patients, after adjusting for age at diagnosis, tumor size, neighborhood SES, 

and urban-rural status.9 Several other studies using the National Cancer Database and SEER found that 

Black patients had significantly worse overall survival than White patients, even in some of the studies 

that adjusted for neighborhood-level SES, insurance status, and clinical factors.11-15 These prior studies 

included heterogeneous populations from different health care settings and geographic locations. We 

extended this literature by evaluating survival differences by race and ethnicity within a single integrat-

ed health care delivery system in Southern California, and similarly observed inferior survival among 

NHB patients.  

Of note, when we evaluated the difference by stage at diagnosis, the observed statistically significant 

survival disadvantage for NHB patients was limited to those diagnosed with advanced stages. To this 

end, most prior studies did not stratify by stage at diagnosis. Our results are in line with a prior study 

using the National Cancer Database that found NHB patients with stage III eoCRC had a 17% higher 

risk of death compared with NHW patients, adjusted for sex, treatment, and other clinical factors.10  

These findings suggest that racial and ethnic differences may be most pronounced in advanced disease 

settings, potentially reflecting differences in tumor biology, treatment response, or tolerance to treat-

ment at later stages. That said, due to the generally favorable outcomes of localized stage CRC, the 

analysis for localized disease was based on a small number of deaths and may be underpowered statisti-

cally. Therefore, the lack of racial/ethnic disparity among localized diseases should be interpreted with 

caution. 

We also observed an increased mortality among NH API patients compared with NHW patients in the 

overall analysis, yet when stratified by stage at diagnosis, no statistically significant increase in mortali-

ty risk was observed for NH API for both localized and advanced stage diseases. Prior studies mostly 

did not report increased mortality risk for NH API patients, except one study that reported significantly 

higher CRC-specific mortality among Native Hawaiian or Pacific Islander patients.9 Native Hawaiian 

or Pacific Islander patients were a small minority of our eoCRC patient population; our NH API sub-

group consisted mostly of Asian patients. Thus, our finding about the NH API group was surprising 

and requires confirmation.  

Several mechanisms may be underlying the observed differences among NHB, NH API, and NHW 

patients with advanced disease. For example, tumor biology may differ by race and ethnicity. Prior 

research has identified a higher prevalence of microsatellite instability and somatic mutations in colo-

rectal tumors among NHB patients compared to NHW patients.12 Therefore, it is possible that NHB 

patients are not responding as well to standard treatment protocols upon diagnosis of eoCRC as patients 

from other racial and ethnic backgrounds.  

We did not observe an association between NDI and mortality outcomes within this health care setting. 

This finding contrasts with prior studies that reported income-related survival disparities in eoCRC.11 

These findings suggest that relatively equal healthcare access mitigates the impact of SES-related barri-
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ers to care, such as diagnosis delays, inadequate treatment, or lack of follow-up care.  

Our study had several limitations that should be considered. First, the numbers of NHB and NH API 

patients were relatively small in our study cohort. Second, we did not have direct measures of individu-

al-level SES. Third, although we adjusted for key clinical factors, there may be additional mechanisms 

underlying the observed disparities that we did not measure and require further research, such as               

potential differences in treatment protocols, treatment adherence, and follow-up care. Finally, the             

findings from our study may not be generalizable to those who are uninsured, or those in other health 

care settings. However, our goal was to shed light on potential reasons underlying the previously                 

observed survival difference, thus the use of a homogeneous population was critical. Despite the limita-

tions, our study had several strengths, including the use of a racially and ethnically diverse cohort of 

eoCRC patients within an integrated health care delivery system with relatively equal access, compre-

hensive data capture on demographic, clinical, and neighborhood-level SES characteristics from EHR, 

and the adjustment of multiple factors previously not accounted for, such as obesity status. 

In this study, we observed inferior survival among NHB patients compared with NHW patients with 

eoCRC. Our results point to a potential role of tumor- or treatment-related factors in the observed               

survival difference. The absence of NDI-related differences suggests that a care model emphasizing on 

equity in access will likely help overcome SES-related barriers. Therefore, future research is needed to 

address the survival difference experienced by NHB patients with eoCRC. 
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