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Chapter 3
Colorectal Cancer Disparities in Latinos: 
Genes vs. Environment

Maria Gonzalez-Pons and Marcia Cruz-Correa

 Overview of Colorectal Cancer Disparities in Hispanics

For many years, science has been moving toward a better understanding of factors 
that contribute to colorectal cancer (CRC) health disparities. In 2012, CRC was the 
third most diagnosed cancer (1.4 million cases) and the fourth most common cause 
of cancer-related death causing 694,000 deaths worldwide [1]. An analysis of 
Globocan 2012 data shows that among countries in the Americas with the highest 
age-standardized rates (ASR) for CRC incidence, Canada ranks first with the high-
est ASR, closely followed by the United States (US) and Puerto Rico which rank 
fourth and fifth, respectively [1]. In the US, CRC is the third most commonly diag-
nosed malignancy and the third leading cause of cancer-related death [2]; however, 
marked differences in incidence and mortality have been noted among racial/ethnic 
groups [3].

It is important to note that US mainland Hispanics comprise a heterogeneous 
group of Hispanic subgroups from various countries in Central and South America. 
Hispanics are the result of more than 500 years of admixture of European, Indigenous 
American, and African individuals [4], and the extent of admixture varies according 
to the country of origin. CRC incidence rates among US mainland Hispanics 
also vary according to their country of origin, which supports the hypothesis that 
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differences in ancestry may contribute to the variability of CRC incidence. Moreover, 
after Hispanic subgroups move to the US, the CRC incidence among them is higher 
than in their native country, supporting the idea that interactions between ancestry 
and environmental exposures resulting from acculturation are a major risk factor for 
the development of CRC [5]. Disparities in the age of onset of CRC have been 
reported between Hispanic subgroups. From 1993 to 2007, the overall incidence of 
CRC declined in Hispanics, but a dramatic 45% increase was reported 
among Hispanics younger than 50 years of age (early-onset CRC) [6]. The increase 
in incidence of early-onset CRC was markedly greater in Hispanics than in non- 
Hispanic Whites (NHW) and African Americans (AA), which increased 27% and 
15%, respectively [6]. In a study investigating the demographic and clinical charac-
teristics of 36,133 US mainland Hispanics with CRC living in California during 
1995–2011, differences were observed in age at diagnosis according to the country 
of origin [7]. A statistically significant higher number of early-onset CRC was diag-
nosed in Hispanics (16%) compared to NHW (7%). Mexican and Puerto Rican 
Hispanics (PRH) were among the subgroups with the highest proportion of CRC 
cases among individuals <50 years old (20% and 9%, respectively). When compar-
ing all Hispanic subgroups with NHW, a higher number of Hispanics were diag-
nosed at advanced stages.

 Factors Contributing to Colorectal Cancer Disparities 
in Puerto Rican Hispanics

In order to better understand CRC health disparities in Puerto Rico, our research 
team has worked on various transdisciplinary projects examining the epidemiologi-
cal, environmental, and genetic factors that contribute to the CRC health inequities 
observed in this population.

 Epidemiology

In a comparison of age-adjusted CRC incidence in the US and Puerto Rico from 
2009 to 2013, AA and PRH men had the highest rates with 59.2 and 51.6 per 
100,000, respectively. US mainland Hispanic men had the second lowest age- 
adjusted CRC incidence rates during the same time period. However, in a compari-
son of age-adjusted CRC incidence rates among women during the same time 
period, AA women had markedly higher rates (44.8 per 100,000) than the other 
racial/ethnic groups (<36.8 per 100,000). A comparison of age-adjusted CRC mor-
tality rates during the same time period shows a similar trend among AA and PRH 
men, who had the two highest mortality rates; however, age-adjusted mortality rates 
are comparable among women in all racial/ethnic groups. We recently reported the 
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baseline CRC survival for PRH living in Puerto Rico [8]. Our study compared rela-
tive survival rates to those from racial/ethnic groups in the US, and found that PRH 
had the lowest survival rates in regional cancers and were the only racial/ethnic 
group in which there was a marked 5-year survival advantage among females 
(66.0%) compared to males (60.3%). Similar to the findings reported in California, 
9.0% of the total CRC cases and 6.7% of total CRC deaths correspond to patients 
with early-onset CRC in Puerto Rico. These are  nearly twice the percentages 
reported in the overall US population, thereby demonstrating a high burden of early- 
onset CRC in Puerto Rico [9]. Moreover, a comparison of 5-year survivorship 
according to age at CRC diagnosis during 2005–2010 showed that early-onset CRC 
patients in Puerto Rico had worse survival (57%) than CRC patients diagnosed at 
50–64 years (66%) and ≥65 years of age (62%) [10]. In this same study, 5-year 
survival was also analyzed according to the type of health insurance coverage (gov-
ernment vs. non-government health plan). When combining all age groups, CRC 
diagnosis at advanced stages was more common in patients with the government 
health plan than those with non-government plans (44.3% vs. 40.2% diagnosed at 
regional stages, and 13.6% vs. 10.4% diagnosed at distant stages, respectively). 
Patients with the government health plan aged 50–64 (RR  =  6.59; CI: 2.85–15.24) 
and ≥65 (RR  =  2.4; CI: 1.72–4.04) years were at greater excess risk of death than 
patients with non-government health plans.

 Environmental Factors

CRC still remains a major public health problem. However, very few CRC preven-
tion strategies are available other than routine screening. In addition to genomic 
alterations, dietary and environmental factors are believed to contribute to colorec-
tal carcinogenesis [11]. Factors that may increase the risk of CRC include physical 
inactivity, obesity, alcohol consumption, smoking, gut microbiome composition, 
and diet [12]. Dietary patterns are widely believed to act as pro- and anti-tumor risk 
modifiers across the entire multistep process of colorectal carcinogenesis, and they 
have also been shown to have a pivotal role in modulating the gut microbiota [13, 
14]. Moreover, in 2015 the International Agency for Research on Cancer (IARC) 
concluded that high red meat consumption is a risk factor for CRC [15].

Accumulating evidence supports the hypothesis that changes in gut microbiota 
composition may contribute to the development of CRC [16], but the specific mech-
anisms by which the gut microbiota contribute to colorectal carcinogenesis are not 
fully understood. Differences in gut microbiota composition among ethnic/racial 
groups, as well as between African American and rural Africans, have been reported 
[17, 18]. Differences in bacterial community profiles and metabolites have been 
studied, but in our laboratory we are spearheading a study evaluating the association 
between dietary patterns, presence of bacterial toxins in stool and colonic mucosa, 
and colorectal neoplasia. Using a case–control study design, we examined the asso-
ciation between the presence of bacterial toxin genes (pks, tcpC, gelE, cnf-1, murB, 
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and usp) in stool and colorectal neoplasia using samples from individuals from the 
US and Puerto Rico [19]. These bacterial toxins promote inflammation, cell prolif-
eration, and/or DNA damage, all of which are hallmarks of cancer. Differences were 
observed in the prevalence of these bacterial toxin genes between stool samples 
from individuals in the US and Puerto Rico. Moreover, stronger associations were 
observed between the presence of >2 bacterial toxin genes in stool and the likeli-
hood of having colorectal neoplasia in PRH. In stool samples from the mainland 
US, individuals with ≥2 of the genes in the panel were 9.33 times more likely to 
have colorectal neoplasia than individuals without these bacterial toxin genes. PRH 
individuals with ≥2 of the genes were 11.3 times more likely to have colorectal 
neoplasia and 24 times more likely to have colorectal adenomas than individuals 
without these bacterial genes.

 Genetics

Significant advances have been made toward a better understanding of the molecu-
lar landscape of colorectal tumors. The TCGA’s effort is significant because it pro-
vides a comprehensive molecular characterization of tumors from the colon and 
rectum, and this study demonstrated the molecular similarities between colorectal 
tumors regardless of their location (colon vs. rectum) [20]. In this genome-scale 
analysis of 276 samples, 16% of colorectal carcinomas were found to be hypermu-
tated. Although a wealth of molecular information is available on the tumors 
included in the TCGA, it is important to note that there are very few tumors from 
ethnic/racial minorities (12% Black, 3% Asian, and 3% Hispanic) [21]. To better 
understand the molecular pathways that may contribute to the CRC health dispari-
ties observed among Hispanics, our group analyzed somatic molecular markers in 
PRH tumors (n  =  488).  We found that most tumors were microsatellite stable 
(98.4%), CIMP-low (92.1%), and had wild-type KRAS (68.8%) and BRAF (90.8%) 
genes. When compared to other US ethnic/racial groups, Hispanic CRC tumors had 
a lower percentage of microsatellite instability (MSI), lower incidence of CIMP- 
high tumors, and lower mutation rates for both the KRAS and BRAF genes. A 
recent genome-wide association study (GWAS) reported 17 variants across four 
independent regions that merit further investigation because of suggestive CRC 
associations [22]. There is limited information regarding ethnic-specific risk varia-
tion in Hispanics. Our group recently collaborated with colleagues at the National 
Cancer Institute in order to elucidate risk variants for CRC among PRH. In another 
effort to understand germline genetic predisposition for CRC among Puerto Ricans, 
we spearheaded a study evaluating the association between ancestry and increased 
cancer risk in 425 controls, 99 adenomas, and 414 CRC cases. Previous studies 
reported that Hispanics with adenomas and CRC have higher African mean ances-
try; positive associations between African ancestry and adenomas were observed 
[23]. However, in our PRH cohort, we observed a trend of increased risk of CRC 
with increasing levels of European ancestry. Puerto Rican individuals with higher 
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than mean levels of West African ancestry were at increased risk of presenting with 
CRC tumors that are located in the distal colon, had moderate or low differentiation, 
and had BRAF mutations. Individuals who consumed high amounts of processed 
meat had 2 times higher CRC risk regardless of genetic ancestry.

 Summary

• CRC health disparities have been reported among Hispanic subgroups, including 
PRH.

• CRC is the leading cause of cancer death in Puerto Rico. PRH had the lowest 
survival rates in regional cancers and were the only racial/ethnic group where a 
marked 5-year survival advantage was observed among females (66.0%) com-
pared to males (60.3%).

• Marked disparities were observed according to age at CRC diagnosis and type of 
medical insurance within the Puerto Rican population.

• Dietary patterns are widely believed to act as pro- and anti-tumor risk modifiers 
across the entire multistep process of colorectal carcinogenesis and also play a 
pivotal role in modulating the gut microbiota.

• Differences were observed in the prevalence of bacterial toxin genes between 
stool samples from individuals in the US and Puerto Rico. Associations between 
having ≥2 bacterial toxin genes in stool and the likelihood of having colorectal 
neoplasia were stronger among PRH.

• PRH colorectal tumors were mostly microsatellite stable (98.4%), CIMP-low 
(92.1%), and had wild-type KRAS (68.8%) and BRAF (90.8%) genes. When 
compared to other US ethnic/racial groups, PRH CRC tumors had a lower per-
centage of MSI, lower incidence of CIMP-high tumors, and lower mutation rates 
for both the KRAS and BRAF genes.

• In our PRH cohort, we observed a trend of increased risk of CRC with increasing 
levels of European ancestry.
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