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Abstract Cancer is a challenging, multifaceted disease that involves a combination of bio-
logical and nonbiological factors. Aside fromCOVID-19, cancer is the second leading cause
of death in the United States and the first among Hispanic Americans. The Hispanic popu-
lation is the largest minority group in the United States, which is rapidly growing in size.
Unfortunately, U.S. Hispanics and other minority groups experience many different health
disparities, resulting in poor survival outcomes and a reduced quality of life. Factors such
as genomic mutations, lower socioeconomic status, lack of education, reduced access to
health care, comorbidities, and environmental factors all contribute to these health-care
inequalities. In the context of blood cancer health disparities, Hispanic patients are often
diagnosed at a younger age and have worse outcomes compared with non-Hispanic
individuals. In this commentary, we highlight the existing knowledge about cancer
health disparities in the Hispanic population, with a focus on chronic and acute leukemia.
In our experience at the U.S./Mexican border, analysis of several different blood cancers
demonstrated that younger Hispanic patients with acute lymphoid or myeloid leukemia
have higher incidence rates and worse prognoses. A combined approach, involving im-
proved health-care access and better knowledge of the underlying factors, will allow for
more timely diagnoses and the development of intervention strategies aimed at reducing
or eliminating the disparities.

INTRODUCTION

Health disparities are defined as variations in the incidence, prevalence, mortality, and bur-
den of diseases among certain population groups (National Academies of Sciences et al.
2017). Health disparities in the United States are disproportionately observed in minority
groups for many different diseases, resulting in higher death rates and an increased cost
of care (National Academies of Sciences et al. 2017). In 2018, for example, health care dis-
parities in the United States accounted for $93 billion in excess health-care costs and $42
billion in lost productivity, for a total of $135 billion in annual losses (Turner 2018).
Moreover, the annual per capita spending for the treatment of minority health disparities
could reach $230 billion by 2050 ($150 billion in medical care expenses and $80 billion
for lost productivity) (Turner 2018). The underlying factors contributing to health disparities
in minority groups are not fully understood but are thought to encompass a mix of biological
and nonbiological features.

Aminority group is defined as a subgroup of the population with unique social, religious,
ethnic, racial, or other characteristics that differ from the majority. This includes any group
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that is subjected to oppression or discrimination by those in more powerful positions, re-
gardless of whether the group is a numerical minority (Perkins and Wiley 2014). The
term Hispanic/Latino refers to people of Cuban, Puerto Rican, Mexican, South/Central
American, or other Spanish-speaking cultures, regardless of race (NAACCR 2011). However,
most studies documenting health disparities in Hispanic groups lump all patients into one
single category, despite having heterogeneity in race, incidence, and outcomes (Hindorff
et al. 2018; Rebbeck et al. 2018; Gurdasani et al. 2019). Hispanics are often grouped based
on the social definitions of race and ethnicity and not necessarily on genomic ancestry or bi-
ological traits. According to the American Cancer Society, the Hispanic population repre-
sents 18% of the total population with nearly 60 million people, and that number is
expected to reach 106 million Hispanic Americans by 2050 (ACS 2018). Hispanic ethnicity
is often associated with reduced socioeconomic status (SES), as the median household in-
come for Hispanics in the United States was reported to be 30% less than the income of
non-Hispanic whites (NHWs) (DaNavas-Walt and Proctor 2015).

Cancer is a leading public health problemworldwide that affects every population across
the globe. Although cancer is the second cause of death in the U.S. population, it is the first
cause of death among Hispanic Americans (ACS 2018). Despite being the first cause of
death, Hispanic cancer patients are reported to have lower mortality rates compared with
non-Hispanics for many different diseases (DaNavas-Walt and Proctor 2015; McDonald
and Paulozzi 2019). This is known as the “Hispanic paradox,” because a lower SES is usually
associated with worse overall health and higher mortality rates (Sorlie et al. 1995; McDonald
and Paulozzi 2019). Although recent progress has been made in cancer therapy, there are
still significant disparities when racial and ethnic minority groups are considered, especially
in medically underserved populations or those with lower SES (Philips et al. 2013; Paulozzi
et al. 2020; Springfield et al. 2020). Cancer health disparities describe the differences in can-
cer outcomes among various population groups and are measured in terms of cancer inci-
dence, prevalence, stage at diagnosis, morbidity, and mortality, as well as variations in
screening, survivorship, and quality of life (Patel et al. 2020). Despite the “Hispanic paradox,”
health disparities have been reported in the Hispanic population for several different can-
cers, including gastric cancer (Rajabi et al. 2012; Florea et al. 2019), ovarian cancer
(Shokar et al. 2019), cervical cancer (Carrillo et al. 2021), and several types of blood cancers
(ACS 2020; Bencomo-Alvarez et al. 2020). Additionally, minority groups tend to have lower
rates of preventive screening measures (Florea et al. 2019; Shokar et al. 2019), higher num-
bers of comorbidities (de Heer et al. 2013), and higher rates of complications associated with
therapy (Yanez et al. 2016). Here, we summarize the burden of cancers in the U.S. Hispanic
population, with a focus on chronic and acute leukemia. A better understanding of cancer
health disparities in the U.S. Hispanic population will identify diseases that require timely
and aggressive treatment approaches and will pave the way toward a personalized medicine
approach in minorities.

BLOOD CANCER HEALTH DISPARITIES IN HISPANICS

It was estimated that 1,898,160 new cancer cases and 608,570 cancer deaths would occur in
the United States in 2021 (Siegel et al. 2021). Of these new cancer diagnoses, 186,400 pa-
tients are expected to have some form of blood cancer, including myeloma (34,920 cases),
lymphoma (90,390 cases), or leukemia (61,090 cases), and approximately 57,750 of those are
expected to die from their disease (Siegel et al. 2021). Leukemia is a type of blood cancer
arising from neoplastic transformation of hematopoietic stem cells in the bone marrow.
Leukemia is classified into four main groups based on the type of cell affected (myeloid or
lymphoid), and their rate of growth, with slower-growing leukemia termed as “chronic”
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and faster-growing leukemia known as “acute.” Here, we will focus on four specific types of
leukemia, including acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML),
chronic lymphoblastic leukemia (CLL), and chronic myeloid leukemia (CML). In 2017, there
were 434,982 people living with or in remission from leukemia in the United States (SEER
2020), and it was calculated that there will be 61,090 new diagnoses and 23,660 deaths
from leukemia in the United States in 2021 alone (Siegel et al. 2021).

Leukemia is commonly diagnosed in the Hispanic population, ranking seventh on the list
of cancer-related deaths (ACS 2018). Among children (0–14 yr) and adolescents (15–19 yr),
Hispanic leukemia patients have higher incidence rates compared with all other racial and
ethnic groups in the United States (Fajardo-Gutiérrez et al. 2007; Barrington-Trimis et al.
2015; Deshpande et al. 2015; Kahn et al. 2016a; Gramatges et al. 2017). The incidence
rate of leukemia in Hispanic children is 62.6 per million, compared with 52.2 per million in
NHW children. This clear disparity in the incidence of leukemia in Hispanic children is also
reflected in the 5-yr survival rate in ALL (90% for Hispanic; 95% for non-Hispanic) and AML
(68% for Hispanic; 74% for non-Hispanic) (ACS 2018). Less is known about disparities in
adults with blood cancers. We will outline what is currently known about incidence and sur-
vival for Hispanic adults with different types of leukemia and offer suggestions to improve the
outcomes in this high-risk patient population.

ACUTE LEUKEMIAS

Acute leukemia is the result of accelerated and uncontrolled growth in early hematopoietic
stem and progenitor cells, caused by mutational events that prevent the maturation of
lymphoid or myeloid precursors (Appelbaum 2020). The rapid expansion of immature cell
populations of lymphoid ormyeloid origin results in the development of ALL or AML, respec-
tively. In 2021, it is expected that 5690 new cases of ALL and 20,240 new cases of AMLwill be
diagnosed, with higher incidence rates in males than in females for both groups (ALL: 1.9/
100,000 for males, 1.5/100,000 for females; AML: 5.2/100,000 for males, 3.5/100,000 for fe-
males), resulting in 1580 deaths from ALL and 11,400 deaths from AML (ACS 2020).
Leukemic expansion disrupts bone marrow homeostasis, leading to loss of the production
of normal red blood cells, white blood cells, and platelets. When left untreated, these ag-
gressive types of leukemia can become fatal within months of diagnosis. However, with a
timely diagnosis and proper therapy, life can be prolonged and the quality of life improved
(Appelbaum 2020).

Acute Lymphoblastic Leukemia
ALL is a relatively rare disease but remains themost common cancer in children (roughly one-
quarter of childhood cancers) and is the leading cause of death by disease in this age group
(Shoag et al. 2020). Unfortunately, the incidence of ALL has continued to climb significantly
in all racial and ethnic groups over the last 20 years. The incidence of ALL in the United States
is much higher in the Hispanic population compared with other races and ethnicities (Pollyea
et al. 2014; Swords et al. 2016; Shoag et al. 2020). Notably, the rate of increase in ALL inci-
dence in the Hispanic population is over twofold faster compared with non-Hispanic groups
(Shoag et al. 2020). Cancer health disparities for children with ALL have been extensively
documented in many investigations over several decades (Lim et al. 2014; Wang et al.
2015; Kirtane and Lee 2017; Siegel et al. 2017; Shoag et al. 2020). In adults, Hispanics diag-
nosed with ALL are diagnosed at a younger age compared with NHWs, demonstrating a
higher incidence rate and more dismal prognoses. Specifically, Hispanic ALL patients dem-
onstrate significantly worse overall survival (OS) and progression-free survival rates, as well as
higher mortality in age-adjusted analyses (Patel et al. 2012; Pulte et al. 2013; Kahn et al.
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2016b; Jain et al. 2017; Krakora et al. 2020; Shoag et al. 2020). Our own research in Texas has
confirmed these findings, showing that Hispanic ALL patients are diagnosed at a significantly
younger age, have higher incidence rates (RR, 1.92; 95%CI, 1.79–2.08; P<0.001), and worse
OS compared with NHWs. Additionally, patients diagnosed in El Paso, Texas, defined as
Texas Health Service Region 10 (HSR10) near the U.S./Mexican border, were shown to
have worse OS compared with patients diagnosed in other areas of Texas (Bencomo-
Alvarez et al. 2020). Interestingly, this was true for both Hispanic and NHW ALL patients.

Biological factors have been associated with reduced survival in Hispanic ALL patients.
Lim et al. identified five genomic loci associated with worse outcomes in Hispanic ALL pa-
tients, including ARID5B (10q21.2), IKZF1 (7p12.2), CEBPE (14q11.2), CDKN2A (9p21.3),
and BMI1-PIP4K2A (10p12.31–12.2). Through genome-wide association studies (GWASs),
these mutations were associated with a genetic predisposition to develop ALL and were
more common in Hispanic compared with NHW patients (Lim et al. 2014). The presence
of single-nucleotide polymorphisms (SNPs) in genes such as CYP1A1 and GATA3, as well
as gene rearrangements of CRLF2, were also associated with higher incidence of ALL in
the Hispanic population (Pollyea et al. 2014).

The evidence that ALL has a higher incidence and worse OS in the Hispanic population is
indisputable. In spite of our knowledge of factors associated with this disease, we have yet to
translate these findings into improved outcomes for Hispanic ALL patients. A coordinated
effort will be required to translate genetic or biological markers associated with Hispanic
ALL patients into improved diagnosis and care.

Acute Myeloid Leukemia
AML is the most frequent acute leukemia diagnosed in adults, representing 33% of all leu-
kemias. Importantly, >60% of newly diagnosed AML patients are 60 yr of age or older.
Patients with AML experience a wide range of symptoms. This is due to the immense hetero-
geneity of the disease, resulting from diverse gene mutations and chromosomal abnormal-
ities, making the clinical management of AML very challenging (Stauder et al. 2020). The
most treatable form of AML is acute promyelocytic leukemia (APL), a highly curable disease
by treatment with arsenic trioxide and all-trans retinoic acid (Swords et al. 2016). Despite be-
ing curable, it has been widely documented that APL has higher incidence rates in the
Hispanic population, in addition to presenting at younger ages compared with NHWs.
Data for AML from 2010–2014 indicated that NHWs have a higher age-adjusted incidence
of disease (4.3/100,000) compared with African Americans (3.5/100,000), Asian Americans
(3.4/100,000), and Hispanics (3.6/100,000) (Kirtane and Lee 2017), with the exception of
APL, which has higher incidence rates in Hispanics (Pollyea et al. 2014; Swords et al.
2016). However, Hispanic patients have worse OS at 5 and 10 yr when compared with the
NHW population, and this difference is more evident in younger age groups (Patel et al.
2012; Kahn et al. 2016b).

There are clear disparities among Hispanic and Black AML populations. Despite being
younger at diagnosis and having a higher prevalence of favorable cytogenetic features,
Black and Hispanic AML patients have increased mortality compared with NHWs (Patel
et al. 2013; Patel et al. 2015; Kirtane and Lee 2017; Bhatnagar et al. 2020). Our own obser-
vations suggest once again that not only Hispanic ethnicity, but also proximity to the
U.S./Mexican border, associates with worse outcomes in AML patients (RR, 1.18; 95% CI,
1.04–1.33). In contrast with our observations in ALL, Hispanic but not NHWAML patients re-
siding near the U.S./Mexican border demonstrated a worse OS compared with patients liv-
ing in nonborder areas, suggesting that regional location also plays a role in AML outcomes
in the Hispanic population (Bencomo-Alvarez et al. 2020). Although outcomes and 5-yr OS
for AML have been improving over the last 30 years, the improvement has not been equally

Blood cancer health disparities in the United States

C O L D S P R I N G H A R B O R

Molecular Case Studies

Bencomo-Alvarez et al. 2021 Cold Spring Harb Mol Case Stud 7: a005967 4 of 16



distributed among different populations. In NHW patients with AML (excluding APL), age-
adjusted survival increased from 12% in 1991–1996 to 16% in 2003–2008. Similar statistics
were demonstrated for both Black (from 8% to 12%) and Asian (from 11% to 17%)
Americans. In contrast, survival for Hispanic AML patients did not change much in the
same timeframe, with survival only improving from 13% to 14%, which was not statistically
significant (Kirtane and Lee 2017). The disparity is evenmore evident in younger populations
(15–54 yr), in which there was no change in survival at all (Kirtane and Lee 2017).

Hispanic patients with AML are often observed to have favorable genetic markers (e.g.,
mutations in ASXL1 and TET2, as well as the t(8; 21) and t(15; 17) genomic translocations).
However, the presence of these favorable markers does not translate into improved clinical
outcomes (Patel et al. 2012, 2013, 2015; Darbinyan et al. 2017; Kirtane and Lee 2017).
Additional biological factors contributing to this health disparity include mutations in
CEBPA, RUNX1, GATA2, AML1-ETO, U2AF1, and KIT, which were observed at a higher
prevalence in Hispanic versus NHWs. In contrast, mutations in FLT3-ITD, DNMT3A,
NPM1, and IDH2 were underrepresented in Hispanics (Gomez-Arteaga et al. 2020).
However, mutated FLT3 was recently shown to have a negative impact on outcomes in
Mexican children (Molina Garay et al. 2020).

CHRONIC LEUKEMIAS

One of the main characteristics of chronic leukemias is the clonal expansion of partially ma-
ture cells, which may prevent them from fulfilling their immunological functions; they occur
more frequently in the elderly. Nearly half of chronic leukemia patients are diagnosed in the
absence of any symptoms, often through routine health exams, because chronic leukemia
takes longer to develop symptoms compared with acute leukemia (Hallek 2019; Jabbour
and Kantarjian 2020). CLL is a well-defined lymphoid neoplasm characterized by the prolif-
eration and accumulation of mature B cells in the blood, bonemarrow, and lymphoid tissues.
CLL is caused by the clonal production of B cells from a leukemic stem cell (LSC) with very
heterogeneous biological and clinical presentation (Hallek 2019; Julio et al. 2020). CML,
in contrast, is a rare disease caused by the clonal expansion of leukemic stem and progenitor
cells, because of the presence of a balanced t(9; 22) chromosomal translocation known as the
Philadelphia chromosome. The t(9;22) genomic translocation results in production of the
BCR-ABL1 fusion oncogenic tyrosine kinase, which is targetable through treatment with ty-
rosine kinase inhibitors (TKIs) (Mughal et al. 2016; Jabbour and Kantarjian 2020). In 2021, it is
expected that there will be 21,520 new cases of CLL and 9110 new cases of CML in the
United States (Siegel et al. 2021), with higher incidence rates in males than in females for
both cancers (CLL: 6.8/100,000 for males, 3.5/100,000 for females; CML: 2.4/100,000 for
males, 1.4/100,000 for females). Of those, 4320 deaths for CLL and 1220 deaths for CML
are expected to occur (Siegel et al. 2021).

Chronic Lymphoblastic Leukemia
CLL is themost common type of leukemia in the United States, accounting for 35% of all new
leukemia cases (ACS 2020). The disease typically occurs in elderly patients, with a median
age at diagnosis of 72 yr (Hallek 2019). The clinical course of CLL is highly variable and affects
males more than females (Hallek 2019). As CLL incidence rates increase with age, the prev-
alence and mortality of CLL is expected to increase in the coming decades, because of de-
mographic changes and increased life expectancy. In addition, an increase in the proportion
of younger patients with early-stageCLL has been observed, likely because of more frequent
blood tests (Hallek 2019).

Blood cancer health disparities in the United States

C O L D S P R I N G H A R B O R

Molecular Case Studies

Bencomo-Alvarez et al. 2021 Cold Spring Harb Mol Case Stud 7: a005967 5 of 16



CLL treatment has greatly improved in recent years, thanks to the introduction of therapies
involving chemotherapy combined with molecularly targeted therapies. For example, a com-
bination of the murine and human chimeric monoclonal antibody known as rituximab (which
targets CD20-positive B cells), in addition to first line of chemotherapy with fludarabine and
cyclophosphamide, improves progression-free survival in 20% (HR=0.56 [95% CI 0.46–
0.69], P<0.0001) and OS in 4% (HR=0.67 [95% CI 0.48–0.92]; P=0.01) of CLL patients com-
pared with patients receiving chemotherapy alone (Hallek et al. 2010). However, these thera-
pies were developed in clinical trials in which minority groups were grossly underrepresented
and therefore may not translate to all populations of CLL patients (Hallek et al. 2010).

Research has shown that the NHW population has a higher incidence of CLL compared
with Hispanics (Nabhan et al. 2014). Therefore, biological differences in disease presentation
could render minority groups less responsive to therapies that are confirmed only in non-
Hispanic groups (Di Bernardo et al. 2008; Slager et al. 2010; Hernandez-Caballero et al.
2015; Bencomo-Alvarez et al. 2020). In a large population-based study, Nabhan et al.
(2014) demonstrated that CLL is indeed more prevalent in NHWs, with >85% of all cases re-
ported for those of >15 yr, followed by Black (6.8%), Hispanic (4.9%), and Asian (2.8%) pop-
ulations. Our own observations have confirmed this finding for NHW versus Hispanic CLL
patients diagnosed near the U.S./Mexican border (Bencomo-Alvarez et al. 2020). Despite
higher incidence rates in NHW CLL patients, minority populations were shown to present
with CLL at significantly younger ages compared with NHWs. Furthermore, Hispanics
were shown to have a lower SES and higher levels of poverty, whereas a higher SES was ob-
served in non-Hispanics (Bencomo-Alvarez et al. 2020). Finally, it was demonstrated that sur-
vival of patients with CLL has improved in non-Hispanics, Hispanics, and Blacks over time,
but no improvement was observed in the Asian population (Nabhan et al. 2014).

In a GWAS, Di Bernardo et al. (2008) reported six genetic susceptibility variants associ-
ated with risk of developing CLL in the Caucasian population in the United Kingdom
(rs872071, rs11083846, rs7176508, rs13397985, rs735665, rs17483466). Similar polymor-
phisms were associated with CLL in Caucasian patients in the United States (Slager et al.
2010). In the Hispanic population of Mexico, in contrast, only the variant rs872071 was fre-
quently observed (Hernandez-Caballero et al. 2015), possibly explaining the lower incidence
of CLL observed in the Hispanic population (Bencomo-Alvarez et al. 2020). Future studies
should determine whether CLL therapies identified in NHW populations are appropriate
and efficacious in minority populations.

Chronic Myeloid Leukemia
CML is a myeloproliferative neoplasm characterized by the presence of the BCR-ABL1 fusion
oncoprotein and is highly treatable with TKIs targeting BCR-ABL1 (O’Hare et al. 2012;
Minciacchi et al. 2021). TKIs have greatly improved survival for CML patients across the globe,
generating a life expectancy approaching that of the general population (ACS 2020; Jabbour
and Kantarjian 2020). This disease ismore common in adults of >60 yr of age and ismore com-
mon in males (2.4/100,000) compared with females (1.4/100,000). Using data from the
Surveillance Epidemiology and End Results (SEER) database, CMLwas shown to have a lower
incidence rate in the Hispanic versus NHW population (Lee et al. 2009; Bencomo-Alvarez
et al. 2020; Jabbour and Kantarjian 2020), similar to observations in CLL.

Results from several recent publications show that, in CML, there is no significant differ-
ence in survival and/or diagnosis between Hispanics and NHWs (Lee et al. 2009; Höglund
et al. 2015; Zhao et al. 2018; Utuama et al. 2019). However, these investigations only com-
pared survival rates and no other social or environmental aspects that could reveal novel dis-
parities. One study by Sarmad et al. (2017) demonstrated that reduced survival for CML
minority patients was associated with a lack of health insurance that prevents timely and
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aggressive treatment in Black and Hispanic populations. In our own observations at the U.S./
Mexican border, NHWs have a higher incidence of CML compared with Hispanics. However,
Hispanic CML patients were diagnosed at a significantly younger age, and those residing
near the U.S./Mexican border had a worse OS compared with Hispanic patients living in
nonborder regions. This was not due to differences in treatment between the Hispanic
and NHW population, as we saw no difference in the number of patients being treated
and no difference in time to treatment (P=0.3, median 5 days for non-Hispanic, 3 days for
Hispanic). However, our data suggests that this disparity was largely eliminated in the
post-TKI era (Bencomo-Alvarez et al. 2020). Whereas being younger at diagnosis is consid-
ered a good prognostic factor for adult blood cancer patients, there are important therapeu-
tic implications. In the case of CML, younger patients were reported to exhibit a more
aggressive disease (Pemmaraju et al. 2012). Therefore, more robust treatment strategies
with second-generation TKIs like nilotinib or dasatinib may be a better course of front-line
therapy for this high-risk patient population.

FACTORS THAT CONTRIBUTE TO HEALTH DISPARITIES

Cancer disparities in U.S. minority groups have been strongly associated with several poten-
tial risk factors, including both biological and nonbiological factors. Biological characteristics
involving race and ethnicity may play important roles in driving the biology behind these dis-
parities (Shoag et al. 2020). It is possible that the genomic variants listed above might con-
tribute to reduced therapeutic responses in the Hispanic population, as reported previously
(Lynce et al. 2016; Alanee et al. 2017; Moriyama et al. 2017; McClain et al. 2018). A combi-
nation of genomic mutations and differences in drug metabolism may also contribute to
these disparities (ACS 2018). However, there are major challenges in identifying the causes
of these cancer health disparities, as <1% of biorepository specimens and only 2% of GWASs
across the United States are from Hispanic individuals (Simon et al. 2014; Heredia et al.
2017). This greatly limits the identification of biomarkers or mutations in Hispanic cancer pa-
tients, thereby reducing the prospect of a personalized medicine approach in minorities. To
address this issue, we have established a biorepository of primarily Mexican Hispanic blood
cancer specimens from patients residing near the U.S./Mexican border. Our data and that of
others suggest that not only Hispanic ethnicity, but also border proximity, associates with
poor outcomes for certain types of cancers (Bencomo-Alvarez et al. 2020; Paulozzi et al.
2020). For patients living along the U.S./Mexican border regions spanning from California,
Arizona, NewMexico, and Texas, Paulozzi et al. (2020) recently reported that Hispanics dem-
onstrated higher mortality rates than non-Hispanic patients of <35 yr for multiple cancer sites
(including leukemia). Additionally, they found that Hispanics are less likely than non-
Hispanics to be diagnosed at early stages of cancer and have lower survival rates.
Previous research has suggested that the low death rates in cancer, heart, circulatory, and
respiratory diseases in the Hispanic population could be explained by reduced smoking be-
haviors compared with the NHW population (Philips et al. 2013; McDonald and Paulozzi
2019). However, this assertion may be biased, because the main causes of mortality in
NHWs are heart and circulatory system diseases, as well as lung cancer (ACS 2018).
Furthermore, the highest cancer mortality rates in Hispanics occur in younger patients, so al-
though smoking behaviors may have a negative impact on the overall mortality of many dis-
eases, it is unlikely that we will see the harmful effect on this age group.

Nonbiological factors are also important contributors to cancer health disparities and
likely play an even bigger role than biological traits. Nonbiological factors include low
SES, residence in rural areas, and lack of access to health care in medically underserved re-
gions like the U.S./Mexican border. Additional nonbiological factors include lower rates of
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cancer screening, which avoids a timely diagnosis and delays treatment (Shokar et al. 2019;
Lee et al. 2020), as well as lower treatment adherence and distrust in the health-care system
(Zavala et al. 2021). Language and literacy barriers also play a role. To overcome this, it is crit-
ical that clinical trials offer consent forms and information materials in both English and
Spanish, to improve participation by certain minority groups. Additionally, occupational
and environmental hazards may increase exposure of certain individuals to chemicals or ra-
diation (Appelbaum 2020; Ramirez AG 2020). This may be true in the case of El Paso, as both
Hispanic and NHW patients with ALL have worse outcomes than patients in other areas of
Texas, implicating a possible environmental exposure. A summary of factors that influence
cancer health disparities in minorities may be found in Figure 1.

In addition to the factors listed above, lack of insurance is a major problem in minority
groups. Recent data shows that 72% of the Hispanic population in the United States has
no health insurance, compared with just 10% of the remaining population (Krakora et al.
2020). A lack of private health insurance influences access to critical therapies like allogeneic
hematopoietic stem cell transplantation (allo-HSCT), one of the only curative treatment ap-
proaches available for blood cancer patients. Because allo-HSCT is a costly therapy, and
government programs do not cover these procedures, a lack of health insurancemakes it im-
possible to receive care in low-income populations. This inability to access critical therapies
is reflected in higher mortality rates for minority groups (Joshua et al. 2010; Pulte et al. 2013;
Thao et al. 2014; Jabo et al. 2017). Furthermore, minorities with low SES who do receive allo-
HSCT have worse outcomes (Baker et al. 2009). Hispanic blood cancer patients may also not
have access to related or unrelated donors for allo-HSCT.

Reduced clinical trial enrollment and reduced access to treatment at comprehensive can-
cer centers across theUnited States also contribute to these cancer health disparities (Krakora

Figure 1. Factors contributing to cancer health disparities in minorities. The origin of cancer health disparities
is caused by a complex interaction between biological, sociological, environmental, and cultural factors. These
factors play important roles that contribute at different levels to the health status of patients, including access
to health-care systems, the possibility of a timely diagnosis, and access to treatment options. A combination of
these factors results in a higher cancer burden and higher incidence and mortality rates in certain minority
groups.
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et al. 2020). Our own observations suggest that residence near the U.S./Mexican border is as-
sociated with worse outcomes; thus, regional location also plays a role (Bencomo-Alvarez
et al. 2020). We speculate that this may be due to the lack of specialized cancer centers at
the U.S./Mexican border. For example, Wolfson et al. (2017) reported that patients who
were not treated at a National Cancer Institute-Designated Comprehensive Cancer Center
(NCICCC) experienced worse OS compared with those treated at a NCICCC, and minority
cancer patients were less likely to receive treatment at a NCICCC. Although El Paso is consid-
ered an urban area, the closest NCICCC is more than 200 miles away (in New Mexico), and
treatment is complicated by factors including insurance coverage and overnight stays.
Indeed, when we compared the OS of ALL patients diagnosed in the Houston/Dallas area
on the East side of Texas with El Paso on the West side of Texas, patients diagnosed near
Houston/Dallas had improved 10-yr survival (38%) compared with patients diagnosed in El
Paso (28%) (Bencomo-Alvarez et al. 2020). Poorly resourced centers may be less able to pro-
vide the same level of acute care as a NCICCC. Additionally, the presence of comorbidities,
such as diabetes, obesity, ormetabolic syndrome,may also contribute toworse outcomes for
Hispanic blood cancer patients (Kirtane and Lee 2017). Interplay between barriers to health
care, age at diagnosis, and the presence of comorbidities place Hispanics at a risk for poor
prognosis, especially for patients living at the U.S./Mexican border.

With regard to the “Hispanic paradox,”which outlines reducedmortality rates for Hispanic
cancer patients compared with non-Hispanics in the United States, despite having lower SES
(McDonald and Paulozzi 2019), multiple groups have shown that Hispanics have lower mortal-
ity rates in cancer and other diseases (Sorlie et al. 1995; McDonald and Paulozzi 2019). These
findings led to a theory that Hispanics had lower mortality rates due to the “healthy migrant”
effect, suggesting that the majority of Hispanics who are in the United States are inherently
healthier (Sorlie et al. 1995). Later, Palloni et al. found similar results, demonstrating that
Hispanics have mortality advantages that were attributed not only to “healthy migrants,”
but also “salmon bias,” suggesting that unhealthy migrants return to their home countries
and die there (Palloni and Arias 2004). Another more recent theory argues that reduced rates
of smoking in Hispanics explains the reduced cancer mortality rates (Blue and Fenelon 2011).
Despite the “Hispanic paradox,” Hispanic patients with certain types of cancers, especially
acute leukemia, have higher incidence rates and worse overall survival.

One commonality between the four leukemias is that the Hispanic population tends to
be diagnosed at a younger age compared with non-Hispanics (Hallek et al. 2010; Patel
et al. 2012, 2013, 2015; Pulte et al. 2013; Nabhan et al. 2014; Kahn et al. 2016b; Jain
et al. 2017; Sarmad et al. 2017; Krakora et al. 2020; Shoag et al. 2020), and we have con-
firmed these findings in a population residing near the U.S./Mexican border (Bencomo-
Alvarez et al. 2020). The Hispanic population in the United States is generally younger
than the non-Hispanic population (Schaeffer 2019); therefore, mortality rates from cancer
or other diseases associated with advanced ages are lower in Hispanics. Although a younger
age at diagnosis is often a good prognostic factor, it does not correlate with superior out-
comes, especially for ALL and AML patients. The reasons for this observation are unknown
andmay simply reflect age differences in the population that have nothing to dowith cancer.
Alternatively, they could be explained by the increased comorbidities present in minority
populations, which might offer patients improved access to care.

CONCLUSIONS AND FUTURE DIRECTIONS

The concept of cancer health disparities was first studied at the end of the last century. The
primary aimwas to identify the cause(s) underlying those disparities, in order to address them
therapeutically, and to improve survival and quality of life for minority populations. However,
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although we understand which diseases have worse outcomes in minority populations, the
underlying causes of these disparities are still not well-understood, leading to many unan-
swered questions. Do biological factors associated with race and ethnicity contribute to a
cancer diagnosis, or are they simply biomarkers? Why are minority groups diagnosed at
younger ages and at later stages of disease? How can we improve minority access to health
insurance and health care? How can we improve representation of these groups in clinical
trials in which new cancer treatments are developed? With current scientific evidence, we
can convincingly state that cancer health disparities occur as a result of a mixture of various
biological, environmental, and sociocultural factors, as well as language barriers and even
occupational hazards to which minority groups are exposed. Polymorphisms and genetic
mutations in Hispanics were shown to predispose patients to the development of certain
cancers. Therefore, addressing these cancer health disparities will require a combination
of strategies aimed at educating the population, providing access to care, and allowing en-
rollment into clinical trials for the development of new therapeutics.

As outlined above, there is sufficient evidence demonstrating cancer health disparities in
the Hispanic population for several different blood cancers, especially ALL and AML. Ideally,
for each individual disease, we need to better understand the biological and nonbiological
factors contributing to blood cancer outcomes. Understanding the biological factors contrib-
uting to outcomes could lead us toward novel molecular targets and better therapeutic op-
tions for the Hispanic population. In contrast, understanding the nonbiological factors could
lead to social and behavioral interventions aimed at reducing or eliminating the disparities
(Fig. 2). In acute leukemia, genomic changes, low SES, high poverty rates, and lack of health
insurance were associated with worse prognoses, outcomes, and survival. In chronic leuke-
mia, on the other hand, only a few biological factors have been identified, but the same dif-
ferences in social factors were recorded. Qualitative research studies will be required to
elucidate the reasons underlying disparities in the Hispanic population and along the
U.S./Mexican border region. Research would include surveys, interviews, and health system
guidance, using community groups and “promotores.” Promotores are health-care workers
or health advocates that are trained to provide health education and prevention information
in a culturally appropriate manner. Promotores have been highly successful in educating
Hispanic/Latino communities about cancer health disparities, primarily promoting cancer
screening in breast, cervical, and colorectal cancers (Fernández et al. 2009; Scheel et al.
2015; Molokwu et al. 2016).

Altogether, a combination of biological and nonbiological factors contribute to cancer
health disparities for Hispanic blood cancer patients in the United States. To improve health
care for minority groups, it is essential to investigate and identify the disparities that are pre-
sent in the population. Identification of the disparity should lead to biomarker discovery, the
development of new treatment approaches, and ultimately clinical trials, with the goal to es-
tablish a personalized medicine approach for minority groups (Fig. 2). Future studies should
establish what is causing cancer health disparities in the Hispanic population, in order to
identify novel interventions aimed at increasing access to health care and improving survival
and quality of life for the largest and fastest growing minority group in the United States.
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Figure 2. Improving health care for minority groups. To improve health care for minority groups, it is essential
to first identify the disparities that are present in minorities. These disparities can be grouped into three cat-
egories: (1) structural (left), (2) biological (middle), and (3) sociological (right). Structural disparities manifest
through the unequal demographic distribution of minorities into areas with low economic opportunity, re-
duced educational opportunities, and poor living conditions. To ameliorate structural deficiencies, it is essen-
tial to raise awareness of these issues so that policies that advocate for minorities could bemade. Identification
of biological disparities may lead to the discovery of biomarkers unique to understudied racial/ethnic groups,
which in turn leads to the development of new treatment options and improved enrollment in clinical trials. The
ultimate goal is to establish a personalized approach for care of minority blood cancer patients. Last, sociolog-
ical factors manifest as impediments to health care in minorities, through cultural belief systems, erroneous
misconception of medicine, or ignorance from health-care providers regarding cultural sensitivities.
Overcoming these obstacles can be done by putting efforts into education, with the end goal of increasing
medical literacy within minority groups, while implementing a more culturally competent health-care system.
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