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Abstract
Colorectal cancer (CRC) is the second leading cause of cancer related deaths in the United States. There are significant differences in CRC incidence and mortality by race with the highest burden occurring among blacks. The underlying factors contributing to CRC disparities are multiple and complex. Studies have suggested that a higher prevalence of putative risk factors for CRC, limited access to healthcare services, lower utilization of healthcare resources and increased biological susceptibilities contribute to this disparity by race. This article reviews the factors associated with the disproportionally higher burden of CRC among blacks; addresses the controversies regarding the age to begin CRC screening and the screening modality to use for blacks; and proffers solutions to eliminate CRC disparity by race. 
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DISPARITIES IN COLORECTAL CANCER INCIDENCE AND MORTALITY BY RACE
Widening racial disparities in cancer burden continues to be recognized[1-5]. Since 1960, colorectal cancer (CRC) mortality has declined by 39% among whites, but increased by 28% among blacks[5]. The incidence and mortality from CRC is higher among blacks when compared with other race-ethnicities[2]. An estimated 142820 new cases of CRC and 50830 CRC related deaths are expected in 2013. The incidence of CRC among black males is 65.1 per 100000 population but 52.8 per 100000 among white males. The incidence of CRC among black females is 48 per 100000 as compared to 39.2 per 100000 among white females. Similar pattern has been observed with mortality rates from the disease. The CRC mortality rate among black males is 29.8 per 100000 as compared to 19.5 per 100000 among white males. The mortality rate from CRC is 19.8 per 100000 among black females but 13.6 per 100000 among white females. 

POSTULATED FACTORS UNDERLYING RACIAL DISPARITY IN CRC BURDEN:
Differences in the prevalence of putative diet and lifestyle risk factors
Studies have suggested that alcohol ingestion, cigarette smoking, obesity, and meat consumption increases the risk of CRC whereas physical activity decreases the risk[6,7]. The prevalence of obesity and cigarette smoking is higher and physical activity is lower among blacks when compared to whites[8,9]. In South Africa, blacks have lower incidence of CRC (< 5 per 100000 ) as compared to South African whites (40 per 100000) who consumed a typical ‘’western’’ diet[10]. When compared to South African blacks, American blacks exhibit a higher CRC risk and mucosal proliferation rates which is associated with higher dietary intakes of animal products and higher colonic populations of potentially toxic hydrogen and secondary bile-salt-producing bacteria[10]. Higher consumption of animal fat including beef, pork and lamb has been associated with an increased risk for CRC[11,12]. The consumption of red meat and pork is higher among blacks than other race-ethnicities in the United States[12].
Some studies have suggested an inverse association between micronutrients (Vitamin E, β carotene, vitamin C, Calcium) intake and CRC risk[13,14]. However, there are differences in the intake of micronutrients between blacks and whites with higher intake among whites primarily due to higher dietary supplements use. The postulated basis of this association is that high concentrations of hydrogen (a byproduct of bacterial metabolism) in the colon can interfere with cellular metabolism[15]. Hydrogen concentration has been reported to be higher among blacks than among whites[10] and hydrogen is toxic to colonic epithelium. Although the exact mechanisms of action of micronutrients are not well established, they are postulated to have anti-oxidant effects, exert some effect on cell growth regulation and enhance immune response. 
Although these dietary and lifestyle factors have been associated with CRC risk and may play a role in the observed disparity among blacks versus whites, the actual differential contributions of these factors to the overall CRC burden is not well established. For instance, while it has been suggested that high fat and low fiber diet are associated with increased susceptibility to CRC, reversal or adoption of the “healthy” lifestyle has not been proven to reduce CRC susceptibility in randomized trials. For instance, the adoption of low fat, high fiber, high fruits and vegetable diet in the Polyp Prevention Trial and fiber supplementation in the Wheat Bran Fiber Trial did not reduce the recurrence of adenoma[16,17]. Similarly, weight loss within 4 years did not reduce the risk of adenoma recurrence[18]. 
Furthermore, using the Behavioral Risk Factor Surveillance System, the prevalence of these putative risk factors such as obesity, cigarette smoking, alcohol consumption, lack of physical activities, low socioeconomic status and low health literacy are comparable among blacks and Hispanic population, yet Hispanic Americans have lower burden of CRC when compared to blacks and whites in the United States[2,9]. The incidence of CRC among Hispanic males and Hispanic females are 46.9 and 33.3 per 100000 population and the corresponding mortality rates are 15.3 and 10.2 per 100000 population. 

Differences in tumor biology
Blacks tend to be diagnosed with CRC at younger ages, are more likely to present with proximal tumors and be diagnosed with more advanced diseases than whites[19-26]. This suggests that stage at presentation may account for some of the observed racial differences in survival after CRC diagnosis. Tumor grade is an independent prognostic predictor of CRC even after adjusting the effects of stage of disease at the time of diagnosis[3,27-1]. Studies have suggested that blacks suffer worse outcomes when they present with similar tumor characteristics as whites. Alexander et al[31] reported that blacks with high grade tumors were three times (HR 3.05, 95%CI: 1.32-7.05) more likely to die of CRC within 5 years after surgery when compared with whites with high grade tumors. Blacks with lymph node-negative CRC have more than 40% excess mortality when compared to whites with the same disease[5,26,27]. It is noteworthy that approximately 30% of patients with lymph node negative CRC (stages I and II) develop recurrent disease, probably reflecting the presence of occult tumor in those lymph nodes[32-34]. Hyslop et al[35] suggested that blacks exhibited 4-fold greater occult metastases in individual lymph nodes compared with whites. Thus, occult tumor burden may be playing an important role in racial disparities in CRC outcomes between blacks and whites. However, in a systematic review of published studies, Bach et al[36] reported that there were no appreciable differences in cancer-specific survival between blacks and whites when treatment was comparable for similar stage cancers. The authors concluded that differences in cancer biology between racial groups are unlikely to be responsible for a substantial portion of the observed discrepancy in stage-specific CRC survival if blacks and whites receive similar treatments. 

Differences in healthcare access, utilization and treatment
Blacks are more likely to be uninsured, have a fatalistic attitude towards medical illness, experience stigma, exhibit fear and denial related to a cancer diagnosis, have an aversion to health care treatments such as surgery, mistrust the healthcare system, and have misperceptions about cancer that ultimately interfere with treatment[9,37,38]. Although the efficacy of treatment for CRC appeared to be similar between blacks and whites in equal access systems and among participants in adjuvant chemotherapy trials[21,23] there are differences in the treatment received after CRC diagnosis among blacks and whites in general[25,26,39-45] 
Blacks received surgery less often than whites for CRC[26,42-45]. Demissie et al[44] reported that the odds of non-receipt of surgical treatment was higher among blacks as compared with whites for stage I (OR: 2.08, 95%CI: 1.41-3.03 among males; OR: 2.38; 95%CI: 1.69-3.45 among females) and stage IV colon cancer (OR: 1.25, 95%CI: 1.01-1.56 among males; OR 1.41, 95%CI: 1.14-1.72 among females). Similar results were reported by Le et al[26] The authors reported that a higher percentage of blacks did not undergo surgical resection for stage I disease (5.4% vs 3.7%, P < 0.001) and stage IV disease (30.3% vs 23.3%, P < 0.001) when compared with whites. In general, the reasons for not receiving surgery among blacks included that it was less often recommended, refused by black patients, and because of higher prevalence of comorbid conditions among blacks[26]. 
While disparity in surgical treatment of CRC between blacks and whites is evident from above, studies have shown mixed results regarding chemotherapy and radiation therapy use for CRC management by race. Some studies suggest that blacks were less likely to undergo chemotherapy and radiation therapy even when they had undergone consultations with oncologists[25,40,46]. The reason for this is unclear but it is unknown if blacks are more fearful of the effects of chemotherapy even though blacks were less likely to develop chemotherapy related toxicity in a clinical trial[47]. However, it has been suggested that a higher proportion of black patients with CRC lived in census tracts with low high school graduation rates and these areas had lower chemotherapy use[48]. Blacks also tend to have less supplemental coverage when compared to whites which could affect co-payment for outpatient chemotherapy, and this can affect the initiation of chemotherapy among blacks[41]. Conversely, other studies did not find an association between race and chemotherapy use[26,49]. It is noteworthy that studies have reported that disparity in survival after CRC diagnosis are attenuated or eliminated with the receipt of similar treatments by blacks and whites[21,23,47,50,51]. 

Disparities in colorectal cancer screening 
There has been growing evidence that CRC screening reduces mortality[52-54]. There are multiple acceptable options for CRC screening including fecal occult blood and fecal DNA testing, double contrast barium enema, CT colonography, flexible sigmoidoscopy, and colonoscopy[55]. Identified significant predictors of CRC screening include older age, having a regular doctor and participating in general medical examinations[56]. Screening rates are low among racial and ethnic minorities and persons from socioeconomically disadvantaged population[57-59]. Doubeni et al[60] reported that the screening rate for white Medicare beneficiaries improved from 49% in 2000 to 56.6% in 2005. During the same study period, the screening rates among blacks improved from 41% to 52% suggesting that screening rates for CRC are improving, but disparity in the screening rates still persists. Tehranifar et al[61] also reported that cancer survival disparities between blacks and whites widened as cancers become more amenable to medical interventions. This suggests that blacks lag behind when medical technologies that improve cancer healthcare are introduced for reasons that are not well understood. 
Disparities in screening have been cited as one of the reasons for high incidence and mortality from CRC among blacks as compared with whites. Lansdorp-Vogelaar et al[62] reported that differences in CRC screening accounted for 42% of disparity in CRC incidence and 19% of disparity in CRC mortality between blacks and whites. 
There are many barriers to CRC screening uptake among blacks. These are due to a complex combination of socioeconomic disadvantages from lower education and income, place of residence, inadequate insurance and mistrust of the medical system[63-65]. People in lower socioeconomic neighborhoods are less likely to undergo a colonoscopy, even among insured subjects receiving care in integrated healthcare systems[64]. Physician recommendation is important for completing CRC screening[66,67]. However, increasing availability of primary care physicians and colonoscopy providers did not narrow the racial gaps in CRC screening disparities. Rather, colonoscopy rates increased among whites but decreased among minorities[59]. Therefore, there is an urgent need to increase the participation of minorities as care providers in biomedical fields and improve cultural competencies of all care providers[68,69].

CONTROVERSIES IN COLORECTAL CANCER SCREENING BY RACE 
Although it is well known that blacks suffer the highest burden from CRC and increasing CRC screening uptake among blacks is at the core of the solution, there is no consensus regarding the screening strategy to adopt in eliminating this disparity. In particular, it is unclear whether there should be different CRC screening recommendations based on race-ethnicity.

Should we begin CRC screening earlier among blacks?
Studies have suggested that when compared to whites, blacks are more likely to be diagnosed with CRC at younger ages, present with proximal tumors and be diagnosed with advanced diseases[19-26]. The widely adopted recommendation is to begin CRC screening from 50 years of age for average risk individuals in the United States[55,70]. Some experts have expressed the opinion that race-based recommendation for CRC screening will create more confusion for patients and their healthcare providers amidst a crowded field of recommendations based on age, family history of colorectal cancer and polyps, and colonic diseases such as inflammatory bowel disease. They argue for increasing efforts to boost participation in CRC screening by blacks and that it is not cost effective to lower the age of screening[71]. In contrast to this opinion, the American College of Physicians (ACP) recommended that CRC screening should start at 40 years of age[72] while the American College of Gastroenterology (ACG)[73] and American Society for Gastrointestinal Endoscopy (ASGE) recommended CRC screening beginning at age 45 years[74]. In our opinion, blacks should begin screening at age 45 years as part of a comprehensive intervention to improve screening uptake, ensure adequate follow-up and resolution of abnormal screening results, and enhance access and utilization of good quality treatment of patients diagnosed with CRC in a timely fashion. This is because of the well documented earlier presentation with CRC among blacks and the proximal location of their tumors which raises the possibility of genetic predisposition such as Lynch syndrome. However, genetic predisposition to CRC is raised based on family history of CRC. It is well known that blacks tend not to know their family medical history due to lower health literacy and lack of knowledge of their family ancestry. There is a lack of information among African Americans with regards to the prevalence of inherited conditions that predispose to CRC. Murff et al[75] reported that blacks who have first-degree relatives (FDRs) with CRC are less likely to undergo colonoscopy screening compared with whites (27.3% vs 43.1%) who have affected relatives. Therefore, screening blacks earlier will serve as a “reset” that has the potential of early identification of those at increased risk of CRC in the next generation. Future studies should focus on quantifying genetic susceptibility to CRC among blacks. 

What CRC screening modality should be recommended for blacks? 
The predisposition to proximal CRC among blacks is a potent argument to support the recommendation of the American College of Gastroenterology (ACG) that colonoscopy should be the preferred screening modality. Furthermore, colonoscopy is the diagnostic procedure after an abnormal screening from the other modalities and polyps can be removed during the same procedure. However, it is the most invasive, most expensive and presents the most difficult logistic challenge in terms of bowel preparation, co-pays, missed work days and the need for an escort due to moderate sedation. Studies have suggested a higher completion rate of screening when the underserved are offered fecal occult blood tests[76,77]. It appears that there are wide geographic variations in availability of colonoscopy to the population and in the acceptability of fecal based tests to the underserved. We observed that blacks were less likely to undergo diagnostic colonoscopy following an abnormal flexible sigmoidoscopy screening in the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial (PLCO)[78]. This raises a concern that follow-up of abnormal screening may be a challenge for blacks and a screening modality that can permit intervention may be better. Notwithstanding, we are of the opinion that healthcare providers should discuss CRC screening options with their patients, but should make a specific recommendation for a screening modality based on the patient’s preferences, comorbidities, social situation, and locally available resources.

THE WAY FORWARD 
It will require a comprehensive patient, provider, and policy-maker partnership to reduce CRC disparity. As studies have shown that blacks who receive medical care and cancer treatment similar to those of whites experience similar outcomes, enabling blacks to achieve equal access to care as whites could substantially reduce the racial disparities in CRC burden[36]. It is imperative to improve health insurance coverage and health education of the population. The implementation of the Affordable Care Act has a potential to ensure coverage for millions of previously uninsured persons and provide the necessary access to CRC screening. However, White et al[79] reported that despite the expansion of Medicare coverage for CRC screening tests, racial/ethnic differences in CRC screening persisted over time among this insured population. Hence, health care access by provision of health insurance is necessary but not sufficient to improve CRC screening and reduce CRC disparity by race.
In a meta analysis by Naylor et al[80] provider-directed multi-modal interventions which comprised of education sessions and reminders and pure educational interventions were found to be effective in raising CRC screening rates in minorities by 10%-15%. A median improvement of 16% in endoscopy CRC screening completion was noted with the patient navigator model. Tailored patient education combined with patient navigation services, and physician training in communicating with patients of low health literacy, can modestly improve adherence to CRC screening.
The New York City Department of Health and Mental Hygiene has started a program called The Citywide Colon Cancer Control Coalition (C5) to help New York City attain CRC control goals through advocacy, resource development, and policy initiatives. They launched public campaigns and implemented patient navigation systems in many of the New York City area hospitals in an effort to increase colonoscopy screening rates and reduce racial/ethnic disparities. In 2003, low rates of screening as well as screening disparities were noted with only 36% of blacks, 38% Latinos and 48% of whites having had a colonoscopy. After this concerted citywide effort, screening colonoscopy rates had increased to approximately 62 percent by 2009 with virtual elimination of screening disparities among these ethnic groups[81].
In Delaware, a “Village approach” was implemented which involved a 3-step process to reduce CRC disparities by increasing CRC screening rates, providing quality treatment and resolution of abnormalities and by using an extensive patient navigation services. The program led to increased CRC screening rates among all race-ethnicities, reduction in CRC incidence, reduction in CRC mortality and narrowing of the CRC survival differences[82].
Figure 1 shows the leading causes of CRC disparities and proffer solutions to reduce the observed disparities. 

CONCLUSION
There are several important factors contributing to differential CRC mortality rates among blacks and whites. A comprehensive approach that increases access and utilization of CRC screening, timely follow-up of abnormal results and treatment of CRC will be needed to reduce or eliminate disparity. 
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Figure 1 Leading causes of colorectal cancer disparities and potential solutions to reduce the observed disparities. CRC: Colorectal cancer.
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