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Abstract:
Prior studies have demonstrated that certain populations including older patients, racial/ethnic
minority groups, and women are underrepresented in clinical trials. We performed a retrospective
analysis of patients with Non-Hodgkin Lymphoma (NHL) seen at MD Anderson Cancer Center (MDACC) to
investigate the association between trial participation, race/ethnicity, travel distance and
neighborhood socioeconomic status (nSES). Using patient addresses, we ascertained nSES variables on
educational attainment, income, poverty, racial composition and housing at the census tract (CT)
level. We also performed geospatial analysis to determine the geographic distribution of clinical
trial participants and distance from patient residence to MDACC. We examined 3146 consecutive adult
patients with NHL seen between January 2017 and December 2020. The study cohort was predominantly
male and non-Hispanic white (NHW). The most common insurance types were private insurance and
Medicare; only 1.1% of patients had Medicaid. There was a high overall participation rate of 30.5%
with 20.9% enrolled in therapeutic trials. In univariate analyses, lower participation rates were
associated with lower nSES including higher poverty rates and living in crowded households. Racial
composition of CT was not associated with differences in trial participation. In multivariable
analysis, trial participation varied significantly by histology and participation declined
nonlinearly with age in the overall, follicular lymphoma and diffuse large B-cell lymphoma (DLBCL)
models. In the DLBCL subset, Hispanic patients had lower odds of participation than Whites (odds
ratio 0.36 [95% confidence interval 0.21 - 0.62 p=0.001). In our large academic cohort, race,
gender, insurance type, and nSES were not associated with trial participation, whereas age and
diagnosis were.
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 3 
Key points 4 

- In center with a robust clinical trial infrastructure and a strong culture of trials, clinical trial enrollment is high across 5 
demographics 6 

- In our cohort, race, gender, socioeconomic variables were not predictors of trial participation, whereas age and diagnosis 7 
were predictive 8 

Abstract   9 

Prior studies have demonstrated that certain populations including older patients, racial/ethnic minority groups, and women are 10 
underrepresented in clinical trials. We performed a retrospective analysis of patients with Non-Hodgkin Lymphoma (NHL) seen at MD 11 
Anderson Cancer Center (MDACC) to investigate the association between trial participation, race/ethnicity, travel distance and 12 
neighborhood socioeconomic status (nSES). Using patient addresses, we ascertained nSES variables on educational attainment, 13 
income, poverty, racial composition and housing at the census tract (CT) level. We also performed geospatial analysis to determine 14 
the geographic distribution of clinical trial participants and distance from patient residence to MDACC. We examined 3146 15 
consecutive adult patients with NHL seen between January 2017 and December 2020. The study cohort was predominantly male 16 
and non-Hispanic white (NHW). The most common insurance types were private insurance and Medicare; only 1.1% of patients had 17 
Medicaid. There was a high overall participation rate of 30.5% with 20.9% enrolled in therapeutic trials. In univariate analyses, lower 18 
participation rates were associated with lower nSES including higher poverty rates and living in crowded households. Racial 19 
composition of CT was not associated with differences in trial participation. In multivariable analysis, trial participation varied 20 
significantly by histology and participation declined nonlinearly with age in the overall, follicular lymphoma and diffuse large B-cell 21 
lymphoma (DLBCL) models. In the DLBCL subset, Hispanic patients had lower odds of participation than Whites (odds ratio 0.36 22 
[95% confidence interval 0.21 - 0.62 p=0.001). In our large academic cohort, race, gender, insurance type, and nSES were not 23 
associated with trial participation, whereas age and diagnosis were. 24 
 25 
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Background:  4 
Non-Hodgkin lymphoma (NHL) is the seventh most common cancer, and the ninth leading cause of cancer death for both men and 5 
women in the United States (US). In 2023, an estimated 80,550 people in the US will be diagnosed with NHL, and 20,180 will die 6 
from NHL.1 Although the incidence of NHL in the United States has decreased and survival has improved in recent years,2 disparities 7 
on the basis of race, gender, age, insurance status, demographic location, socioeconomic status (SES), and other sociodemographic 8 
characteristics remain.3-9 There have been tremendous advancements in NHL therapies and outcomes in large part due to clinical 9 
trials, which are critical for advancing our understanding of cancer biology, evaluating the efficacy of novel treatments, and informing 10 
treatment decisions. Older individuals, certain minority groups (specifically black and Hispanic patients), and women are recognized 11 
to be underrepresented in oncology clinical trials.10,11 A recent analysis of randomized controlled trials, which were crucial for the 12 
Federal Food and Drug Administration (FDA) approval of drugs for lymphoma treatment, has highlighted significant disparities in 13 
participant representation. Black patients, who make up 10.7% of Non-Hodgkin Lymphoma (NHL) cases according to Surveillance, 14 
Epidemiology, and End Results Program (SEER) statistics, were only 2.8% of the participants in these trials. Similarly, Hispanic 15 
patients, despite constituting 17.1% of NHL patients, were underrepresented at 5.4% in these clinical trials.12 Under-representation of 16 
these groups in trials is detrimental to both these patient populations that do not receive equal access to novel therapies and to the 17 
trials that evaluate new approaches in subjects who do not accurately reflect the patient populations where the interventions are 18 
intended to be applied. In response to these findings, the US FDA now requires those seeking approval for late-stage clinical trials to 19 
submit a plan to ensure diversity among trial participants.13 20 
 21 
Understanding the influence of social context on clinical trial enrollment is vital to identify potential areas where tailored interventions 22 
can effectively address participation barriers as well as identify patient populations at risk of underrepresentation. Individual level 23 
data on socioeconomic factors such as household income, educational attainment, employment status are not prospectively 24 
collected and/or consistently documented, making it difficult to assess the effects of these variables on health outcomes and 25 
healthcare utilization. Neighborhood-level socioeconomic measures based on patient addresses may approximate individual level 26 
effects while also capturing contextual effects of an individual’s environment.6,9,14 The objective of our study was to investigate the 27 
associations between clinical trial participation patterns, patient demographics, and neighborhood socioeconomic status (nSES) 28 
factors determined by place of residence among patients with NHL seen at the University of Texas MD Anderson Cancer Center 29 
(MDACC) located in Houston, Texas. The Department of Lymphoma and Myeloma at MDACC is one of the largest multidisciplinary 30 
programs for lymphoma and myeloma with a robust portfolio of lymphoma clinic trials as well as programs to support clinical trial 31 
enrollment such as dedicated research nurse coordinator, patient navigators and financial assistance programs. Although this study 32 
reflects the practice of a large single center, this is to our knowledge the first study to apply this approach for a comprehensive 33 
evaluation of clinical enrollment in patients with NHL across subtypes. 34 
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Methods:   2 
Data source and study populations: 3 
We performed a retrospective cohort study of adult patients with NHL seen in The MDACC Department of Lymphoma and Myeloma 4 
in Houston, Texas. Our cohort consisted of patients with age greater than18 years who had a first visit at MDACC between January 5 
2017 and December 2020. All patients without verified NHL histology were excluded. We utilized a MDACC cancer registry that 6 
records consecutive patients with newly diagnosed invasive cancer identified at our institution and the department Lymphoma 7 
Outcomes Database (LOD) that records all patients with lymphoma seen at MDACC. The LOD includes data extracted directly from 8 
patient charts with quality assurance checks by trained data abstractors. We identified patients who participated in clinical trials 9 
based on clinical trial enrollment tracked for the Cancer Center Support Grant (CCSG) report.  10 
 11 
Outcomes and clinical trials definitions  12 
 13 
The primary outcome of this study was the clinical trial participation, defined as enrollment and participation in any clinical trial 14 
including both interventional and non-interventional studies, from January 2017 to December 2020. 15 
Clinical trials were any investigational studies performed prospectively involving human subjects. Clinical trials are broadly 16 
categorized as interventional or non-interventional. Non-interventional trials were largely observational and involved no prospective 17 
intervention or alteration in the status of the participants. Interventional trials were trials in which participants were prospectively 18 
assigned to receive a specific intervention. This assignment could have been random for some studies. Participants received 19 
diagnostic, treatment, behavioral, or other types of interventions. Interventional therapeutic trials involved specific therapies or 20 
procedures with therapeutic intent. Interventional non-therapeutic trials involved interventions without a specific therapeutic purpose, 21 
including diagnostic imaging or tissue sampling performed without therapeutic components.  22 
 23 
Demographics and Neighborhood socioeconomic variables 24 
Patient demographic information at the time of diagnosis was obtained via the MDACC Epic EHR system.15 This data included age, 25 
sex, insurance status (uninsured, Medicare, Medicaid, private insurance), and self-reported race (Black, White, Asian, American 26 
Indian/Alaska Native, Native Hawaiian or other Pacific Islander [NHPI] and other/unknown) and ethnicity (Hispanic or Non-Hispanic 27 
[NH]), with categories following the US Census Bureau standards. We used the Census Geocoder available through the US Census 28 
Bureau website to geocode the last known patient addresses to obtain the corresponding census tracts using the Master Address 29 
File/Topologically Integrated Geographic Encoding and Referencing (MAF/TIGER) database.16,17 Based on the census tracts, we 30 
then extracted 32 nSES variables (Listed in Appendix) from the American Community Survey (2015-2020) and 2020 decennial 31 
census data.18,19 These variables were selected based on those previously described 20,21 and those used in prior nSES indices such 32 
as the Area Deprivation Index (ADI).14,22  The nSES variables represent domains such as educational attainment, neighborhood 33 
median income, poverty, crowding, race composition, home values, and essential home utilities. 34 
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 5 

In addition to the individual nSES variables, we also utilized the ADI as a composite measure of neighborhood socioeconomic 1 
disadvantage. The ADI is a validated percentile rank of socioeconomic disadvantage determined at the census block group level that 2 
has been used in numerous studies.23-26 ADI is calculated using 17 indicators related to income level, income disparity, educational 3 
attainment, employment and home values. Census block groups were ranked on the percentile scale (1-100) based on their 4 
deprivation relative to the national level, with higher ADI scores indicating higher deprivation. These rankings are published by the 5 
University of Wisconsin School of Medicine and Public Health.26 We categorized ADI scores into quartiles to facilitate interpretation. 6 

Geospatial analysis and travel distance 7 

Using Google Maps Geocoding API, we obtained geographic coordinates (longitude/latitude) of patient residential addresses.  For 8 
patients residing in Texas, the R package “googleway” was used to interface with the Google Direction API to calculate driving 9 
distance (km) and time (hours) from patients' residence to MDACC at the Texas Medical Center.27 To visualize the geographic 10 
distribution of patient population, we aggregated the number of participants by county and ZIP Code Tabulated Area (ZCTA) and 11 
created choropleth maps using “tmap” R package.28 Similarly, choropleth maps were also generated to visualize and compare the 12 
distributions of patients with no trial participation, non-intervention trial participation, and therapeutic trial participation, respectively. 13 
We chose ZCTA as the spatial unit of visualization for the protection of patient data privacy.  14 

Statistical Analysis 15 
We performed descriptive analysis to examine the distribution of demographic variables for the total population and those enrolled in 16 
clinical trials. We performed univariate analysis using the Chi-square test for categorical variables and a two-sample t-test for 17 
continuous variables to assess the differences in clinical trial enrollment patterns by sex, race, age, histology type, insurance type, 18 
nSES variables and driving distance to MDACC TMC. To address potential non-normality in our data, we included the Mann-Whitney 19 
test for continuous variables, which is a non-parametric test and robust to skewed distributions. Following consideration of variables 20 
of interest and independence among them, we modeled the likelihood of clinical trial participation using generalized additive logistic 21 
regression. This model considered various factors such as LOD diagnosis group, age, sex, race, ADI national rank (quartiles), and 22 
census tract level education attainment (% people aged 25 years and greater with less than a high school education). The model 23 
included a penalized spline to accommodate the nonlinear association between participation and age.  In assessing differences 24 
across discrete variables, we employed Dunnett-adjusted contrasts, referencing specific categories for comparison.  An expanded 25 
model which included interaction between age and ADI rank quantile was explored, but ruled-out due to worse Akaike Information 26 
Criterion.  We applied the same analytical procedure to subgroups with DLBCL and follicular lymphoma (FL) respectively. To account 27 
for multiple testing of the same data among these models, we utilized adjusted alpha of 0.05/3=0.017 as the criteria for significance 28 
in these models. All analyses were performed using R statistical software version 4.2.1. 29 29 
 30 
IRB approval obtained for this study denoted ICD2022-0443 31 
 32 

Results: 33 
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 6 

Patient characteristics and clinical trial participation patterns 1 

A total of 3448 patients met the inclusion criteria of age ≥18 years with a histologically confirmed diagnosis of NHL treated at MDACC 2 
between January 2017 and December 2020. Of the patients identified, 130 had international addresses, and 172 did not have 3 
complete address information to be assigned to a census tract and were thus excluded from the final analysis. Therefore, the final 4 
cohort consisted of 3146 patients. To assess for inadvertent selection bias, we compared the baseline characteristics between the 5 
final cohort and those excluded due to incomplete address information. No significant difference was detected, except in age (median 6 
age is 65 years for the study population and 68 years for the excluded patients; p-value <0.0001). There was also a notable 7 
difference in the types of insurance between the study cohort and the excluded group; however, private insurance and Medicare 8 
were predominant in over 90% of both cohorts. Importantly, overall clinical trial enrollment rate and the types of trials participated 9 
were comparable between the excluded patients and the final study cohort, as summarized in table 2. 10 

The study population consisted of 59.5% male and 74.9% non-Hispanic white (NHW), with 13.1% Hispanic, 6% black, and 3.7% 11 
Asian patients. The most prevalent histology groups were DLBCL at 29.1%, Fl at 22.2%, mantle cell at 13.9%, marginal zone at 12 
9.1%, T-cell at 8.2%, and high-grade B cell lymphoma at 6.5%. The most common insurance type was managed care (Private 13 
PPO/HMO plans) at 47.8%, and Medicare at 46.2 %; 2.5% of patients were self-pay, 1.1% had Medicaid, and 2.4% had other 14 
government insurance.  15 

Within our cohort of 3146 patients, a subset of 1819 (58%) resided within Texas. The analysis of geographical distribution revealed 16 
that a substantial proportion of the patients were from Harris County (N=558 [30.6%]), where the city of Houston is located (Figure 17 
2A). Also, the map of ZCTA sample size in Harris County (Figure 2B) indicated that most patients were from suburban areas, with 18 
average driving distance of 34.3 km and travel time of 30.2 minutes to the medical center. Additionally, the geographic patterns of 19 
patients’ residencies differed in relation to the types of trials in which patients participated, as depicted in Figure 2C-F. This suggests 20 
that trial participation may correlate with geographic factors. 21 

 22 

Characteristics of clinical trial participants, geospatial and univariate analysis 23 

Clinical trial participants were 63.4% Male, 78.1% NHW, 11.6% Hispanic, 5.3% Black, and 3.1% Asian. Clinical trial participants were 24 
slightly younger than non-participants (median age 63 vs 65 years; p = 0.001). There was a high overall clinical trial participation rate 25 
of 30.3%, with the majority of patients being enrolled in therapeutic trials (20.9% of the study cohort). Patients also participated in 26 
non-interventional (12.7%) and interventional non-therapeutic (2.9%)[Table 2]. Many patients participated in more than one type of 27 
trial; thus, there was notable overlap predominantly between non-interventional and interventional therapeutic trials. There were 28 
higher participation rates among men compared with women (32.2% vs. 27.6 %; OR 1.26 p=0.006). In the total cohort, participation 29 
rates were similar across race/ethnicity. Most patients had managed care (Private HMO/PPO plans; 47%) or Medicare (45.7%) and 30 
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 7 

few patients had Medicaid (1.2%) or other government insurance. Participation rates did not differ by insurance type in this cohort. 1 
There was significant variation in clinical trial participation by histology type (p=0.0005). The trial participation rates for DLBCL and FL 2 
were 28.2% and 22% respectively. The highest trial participation rates were observed among patients with mantle cell lymphoma 3 
(54.6%) and T-cell lymphoma (39.4%), which contrasted with the lower rates among patients with marginal zone lymphoma (19.2%) 4 
and other types (10%).  5 

In univariate analyses, 3 of the 31 nSES variables showed a significant association with clinical trial participation. Specifically, lower 6 
participation rates were correlated with areas with a higher percentage of the overall populations living below the poverty level (p = 7 
0.007), a higher percent of populations aged 19 - 64 living below the poverty level  (p = 0.008) and a higher percent of populations 8 
living in crowded households (more than one person per room; p = 0.002). Further analysis using the Mann-Whitney test to address 9 
skewed data, identified other significant associations. There are lower participation rates in areas with a higher percentage of the 10 
population over 25 years old with less than a high school diploma (p = 0.018), a lower percentage of the population over 25 with a 11 
bachelor’s degree (p = 0.048), a lower median household income (p = 0.047), a lower percentage of households with incomes above 12 
$200,000 (p = 0.004), and lower home values (p = 0.003). Moreover, the association between participation and ADI was significant 13 
(p=0.043), and even stronger when analyzing only the participants in interventional/therapeutic trials (p=0.007), as summarized in 14 
Table 2 and Table 3. Notably, there was no significant association between the racial composition of each census tract and clinical 15 
trial participation. There was also no significant association between clinical trial participation and either driving distance (OR = 1.23; 16 
CI. 0.83 – 1.84; p= 0.31) or driving time (OR = 1.03; CI: 0.94 – 1.14; p=0.52). 17 

Multivariable analysis 18 

Multivariable analysis revealed a non-linear inverse correlation between increasing age and the likelihood of clinical trial participation 19 
(p=0.001), indicating the odds of clinical trial participation decrease as age increases [Figure 1]. Additionally, we found histology type 20 
was significantly associated with the odds of clinical trial participation. Specifically, patients with T cell lymphoma (TCL) [OR 1.62; p = 21 
0.12] and mantle cell lymphoma (MCL) [OR 2.93; p < 0.001] were more likely to participate in clinical trials when compared to those 22 
with DLBCL, while patients with marginal zone lymphoma had lower participation rates [OR 0.56; p =0.009] compared to DLBCL. 23 
There was no significant difference in participation based on sex, race/ethnicity, ADI or the nSES variable related to education 24 
attainment (% population aged over 25 with no high school diploma). Interestingly, the observed significant association between trial 25 
participation and ADI in univariant analysis was no longer present in the covariate-adjusted logistic regression models. In these 26 
adjusted models, age appeared to show the strongest association with participation. When we adjusted the same covariates except 27 
histology, a separate model for the DLBCL subgroup showed that Hispanic patients were significantly less likely to enroll in trials (OR 28 
0.36; p= 0.001) than their non-Hispanic white counterparts [Figure 1b]. In the FL subgroup analysis, age demonstrated significant 29 
inverse association with the odds of clinical trial participation (estimated degrees of freedom = 2.60; p= 0.002) [figure 1c). Regarding 30 
non-interventional trials and interventional non-therapeutic trials, the analysis revealed no significant associations across any 31 
demographic, nSES variables, ADI or travel distance . The geospatial distribution of patients’ residencies by trial participation is 32 
shown in Figure 2. 33 
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 1 

  2 

Discussion  3 

It is estimated that only 2%–3% of adult cancer patients participate in clinical trials.30-35 Participation rates differ significantly by care 4 
setting with much higher participation rates at academic sites (~16%) compared to community sites (~7%).35 It is also important to 5 
note that 85% of patients receive treatment in the community, compared with only about 15% in larger academic centers.35 Barriers 6 
to clinical trial recruitment vary by institutional setting and a large meta-analysis found that 56% of cancer patients lacked local trial 7 
availability, a significant structural barrier.35 This study also found that structural factors such as trial availability and clinical factors 8 
(including eligibility criteria) together precluded 77.1% of patients from having the option to participate in trials.35 The under-9 
representation of minority patients has been reported to be even more pronounced in hematologic malignancies with one meta-10 
analysis showing that black patients represented 1.5% of participants in the Phase 3 DLBCL trials examined.34 Our analysis explored 11 
clinical trial enrollment patterns among patients with lymphoma at a single high-volume institution and examined the association with 12 
race, ethnicity, and neighbor socioeconomic variables. Participation rates in our cohort were quite high across NHL subtypes with an 13 
overall clinical trial participation rate of 30% and 21% in interventional therapeutic clinical trials. Although, clinical trial participants in 14 
our cohort were predominantly NHW and male, the racial composition of our cohort’s trial participants largely reflected the patient 15 
population treated at the institution. The only significant difference detected was among patients with DLBCL, where Hispanic 16 
patients had 63% lower odds of enrolling in trials than their NHW counterparts.  17 

Although we identified associations between various nSES variables and clinical trial participation, the most significant associations 18 
were with age and histology. Interestingly, enrollment in clinical trials did not vary significantly by individual race or neighborhood 19 
racial composition which stands in contrast to previously described lower participation rates among these groups in other studies.31,36-20 
39 It is important to note that although clinical trial participation at this single center was representative of the patient population at the 21 
institution, this patient population does not entirely reflect the broader population of  NHL patients in the local community. There are 22 
many potential reasons for the observed differences which may provide some insight into differences seen in representativeness in 23 
clinical trial populations. Firstly, MDACC attracts patients from all across the globe, with approximately 43% of the new lymphoma 24 
patients residing outside of Texas and 4% being international patients. It is important to note that patients who can travel to receive 25 
care are likely to have more resources and less likely to live in neighborhoods with the sociodemographic characteristics that we 26 
identified to be associated with lower clinical trial participation.  27 

Another notable feature of our study population was that 93% of patients had private insurance or Medicare insurance, which is 28 
markedly different from the local community. According to U.S. Census Bureau data, Texas leads the country in the number of 29 
uninsured residents (18%).40 Moreover, in 2020 in Harris county, 20.4% of all residents were uninsured including 26.9% of individuals 30 
between the ages of 19 – 64 without insurance. 41,42 Medicaid accounted for 15.3% of insurance coverage in Harris county, but only 31 

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2023011040/2221962/bloodadvances.2023011040.pdf by guest on 07 June 2024



 9 

1.2% of our study population had Medicaid as their primary insurance. 42 Other hospital systems within Harris county provide care for 1 
patients with other insurance types such as Harris Health that provides care for indigent, uninsured, Medicaid, and underinsured 2 
patients. Expanding access to clinical trials for lymphoma patients with these insurance types will require dedicated efforts to 3 
increase the quantity and variety of clinical trials in the locations where these patients receive care.   4 

A few unique features about our environment include the patient population, the staff, available resources, and the institution itself. It 5 
is important to note that The Department of Lymphoma and Myeloma at MDACC is one of the largest multidisciplinary programs with 6 
34 research and clinical faculty and more than 250 department members and trainees. It houses a robust portfolio of lymphoma clinic 7 
trials with dozens of active therapeutic trials at any given time and dedicated programs to support clinical trial enrollment such as 8 
specialized research nurse coordinator, patient navigators, and financial assistance programs. Additionally, many patients are drawn 9 
to the institution specifically for novel therapies, often with specific trials in mind, which results in a patient population that is 10 
inherently more inclined to participate in clinical trials. Additionally, there are specialized departments such as the behavioral science 11 
and cancer health disparities, which champions several programs aimed at improving diversity of clinical trial participants and 12 
surmounting numerous obstacles that might impede access. The institution invests in resources such as a Learning Center site, 13 
which provides information about clinical trials through various media, including education reading material and informative videos to 14 
provide multi-media modes of information dissemination. There are also programs matching patients with similar diagnoses to 15 
facilitate peer support groups, which can help patients learn from the experiences of other patients including those previously 16 
participated in trials. Lastly, there have been significant strategic investments in programs such as a growing patient navigator 17 
program which provides trained research navigators to help patients understand clinical trial process and overcome barriers to 18 
participation including some financial challenges. 19 

 20 
Despite its strengths, this study has other limitations. Due to the retrospective nature of our study, we were unable to control for all 21 
possible confounders including selection bias arising from our eligibility criteria. Neighborhood SES may not serve as a surrogate for 22 
individual-level SES (iSES), which measures different dimensions of social determinants of health that can also impact clinical trial 23 
participation and outcomes. Although nSES provides insight about the communities that patients come from, discrepancies between 24 
iSES and nSES and complex interactions between the two are not well accounted for in our study design. These measures have 25 
been shown useful when evaluated jointly and are not mutually exclusive.43-45 The patient address and insurance status at time of 26 
diagnosis are used as  static measures but may change over the course of a patients’ care, which was not captured in our analysis. 27 
While we focused on primary insurance, it is important to note that many patients may have multiple insurance providers. For 28 
example, patients aged 65 and older may have both Medicare and other supplementary insurance plans including Medicaid dual 29 
enrollment or private insurance. Our results may not be generalizable to the US population because the highly selected patient 30 
population seen at MDACC differs from patients receiving care in other healthcare settings. However, these data do indicate that in 31 
clinical environments with strong infrastructure and a focus on clinical trials, similar clinical trial participation across racial and ethnic 32 
groups can be achieved. 33 
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It is important to note that the current categorization of race and ethnicities and how we collect these data are intrinsically flawed. 1 
Although self-reported race and ethnicity are generally regarded as more reliable than chart abstracted groupings, current categories 2 
are too simplistic. Race is social construct that groups people of common ancestry by means of physical characteristics, such as hair 3 
type, color of eyes and skin, and stature. However, these groupings, based on limited biologic basis, can have significant social 4 
consequences.  Ethnicity on the other hand refers to a large group of people with a shared culture, language, history, set 5 
of traditions, and other features. These two concepts, though often reported together, represent very different concepts and simplify 6 
the categorization of diverse and heterogenous populations. For example, the current category of Asian (non-Hispanic Asian) 7 
inadequately captures a very diverse groups of ethnicities from various regions of a continent including people of Japanese, Chinese, 8 
Indian, Vietnamese heritage, to name a few, with different languages and cultures. Analogous inaccuracies occur for other groups. It 9 
is important to interpret the results of our findings in this context.  10 

Much of the literature about accrual to clinical trials has focused on the patient’s willingness to participate. Prospective attitude 11 
surveys and recent meta-analysis studies shown high level of willingness to participate in clinical trials that when offered the 12 
opportunity with more than half of patients agreeing with no difference is acceptance rate by race. 46 47,48 Future efforts to improve 13 
lymphoma trial participation should shift from solely focus on patient willingness to other factors. For example, programs such as the 14 
incorporation of oncology nurse navigation have been shown to be an efficacious and cost-effective strategy for increasing clinical 15 
participation among minority cancer patients.49  16 

To improve enrollment rates across diverse settings, it is important to evaluate the effectiveness of potential interventions such as 17 
financial assistance based on income level/poverty status, housing support, clinical trial educational resources and additional 18 
counseling services. Moreover, proactively screening patients based on their address may identify patients from socioeconomically 19 
disadvantaged neighborhoods who may benefit from these additional services. Prospectively evaluating the relationships between 20 
individual SES and nSES and clinical trial participation also will be important in developing future interventions. 21 

Academic centers with robust trial portfolios still face challenges with recruiting participants. Several studies have shown that 22 
stringent eligibility criteria in lymphoma clinical trials such as criteria for stage, organ function, human immunodeficiency virus (HIV) 23 
status, history of other malignancy, self-reported co-morbidity burden and other laboratory cut offs may unnecessarily exclude 24 
potentially eligible patients without a significant impact on trial outcomes.50-52 These criteria may preferentially exclude patients with 25 
high risk disease in need of urgent treatment, older patients, or minority patients who might have a higher burden of other cancers 26 
and comorbidities.53 Modifications to eligibility criteria to balance between safety and access could significantly expand trial 27 
accessibility, facilitate enrollment of a clinically diverse study population and ensure that patients are not unnecessarily excluded from 28 
trial participation.51 Recommendations to modernize eligibility criteria for cancer clinical trials have been suggested in previous 29 
publications.54,55 Accessibility to trial sites is another critical factor. Barriers to access comprehensive cancer centers for low-income 30 
patients can be reduced by expanding coverage and clinical trials availability at community cancer centers where many receive care 31 
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or implementing decentralized clinical trials. Trial sponsors should develop policies to expand their selection of sites, taking into 1 
consideration the diversity of patients treated across sites.  2 

For future prospective trials, it will be critical to capture data on social determinants of health in order to better assess how well study 3 
populations reflect the demographics affected by a particular disease. Relying solely on race, ethnicity and currently collected 4 
demographic data may not fully capture the socioeconomic variation in clinical trial participation and neglect important factors 5 
contributing to disparities. This data will be crucial in informing future efforts and trial design considerations to ensure meaningful 6 
representation in trials. Additionally, incorporating pharmacogenomics data in future prospective trials will provide valuable insights 7 
into the efficacy of novel therapies among patients of different ancestries, offering a more nuanced understanding than the often 8 
biologically limited categories of race and ethnicity.  9 

There are numerous strategies used at MDACC to improve access to clinical trials. These include systematic screening of new and 10 
return patients for trials, offering a clinical study to all new patients, the broad availability of observational and biomarker studies, and 11 
the use of patient navigation for clinical trials and clinical trial nurse coordinators. It is also notable that physicians at this site have 12 
trial leadership roles as principal investigators and are active in recruiting patients to clinical trials. This study shows that it is possible 13 
to enroll patients across all racial/ethnic groups at rates similar to the demographics of the overall patient population, and provides 14 
proof of principle for utilizing these methods. It will be important to prospectively examine the efficacy of the previously mentioned 15 
strategies in improving enrollment rates of all patients and minority patients to lymphoma clinical trials and to extrapolate findings 16 
from these studies to other contexts. 17 

Individual- and neighborhood-level socioeconomic status have been identified as independent and joint determinants of cancer 18 
disparities.3-9 In this large single-center academic cohort, multivariable models identified age and diagnosis as independent predictors 19 
of clinical trial participation, while race, sex, travel distance and nSES were not significant factors. Additional challenges faced by 20 
potential cancer clinical trial participants such as frequent office visits and financial concerns are frequently cited as limiting factors, 21 
particularly for vulnerable populations. Recognizing this deficiency, the FDA offers guidance to help achieve proportional 22 
representation on clinical trials including evaluation for and elimination of restrictive eligibility criteria, increasing community 23 
engagement, and decreasing financial, travel, and other burdens on participants that could be barriers to participation.56,57 The 24 
National Academies of Science, Engineering and Medicine 2022 report provides 17 system level recommendations with complete 25 
policy assessments to improve the representation of underrepresented and excluded populations in clinical trials and achieve lasting 26 
change.58 These include increasing accessible and transparency of data on trial participation and recruitment efforts, journals and 27 
publishers requiring information on the representativeness of trials and studies for submissions, increasing federal incentives to 28 
institutions and pharmaceutical companies for increasing diversity in trials, ensuring that trials provide adequate compensation for 29 
research participants, increasing the diversity of the research workforce and leadership, investing in community research 30 
infrastructure as well as strategic partnerships.  31 
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Our study examined an academic institution with policies, procedures and a predominantly insured patient population. In this setting, 1 
we identified age as the predominant factor associated with decreased participation in lymphoma clinical trials. Examination of multi-2 
center datasets including community practices where underinsured patients received care and evaluation of interventions to improve 3 
access to clinical trials are needed to fully understand and address the broader spectrum of barriers.  4 
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Tables 1 

Table 1: Patient characteristics and census tract level nSES. 2 

  Total White Hispanic Black Asian Other/Unknown 

N  3146 2356 (74.9%) 411 (13.1%) 189 (6%) 116 (3.7%) 74 (2.4%) 

Gender  
      

       Female  1274 913 (71.7 %) 175 (13.7 %) 93 (7.3%) 57 (4.5 %) 36 (2.8%) 

       Male  1872 1443 (77.1%) 236 (12.6%) 96 (5.13%) 59 (3.1%) 38 (2%) 

Age  
      

       Mean  (SD) 62.6 (14.6) 64.2 (13.9) 57.4 (15.7) 57.8 (15.6) 57.9 (16.5) 60.2 (13.3) 

       Median  64.6 66.2 59.1 59.3 60.3 60.8 

       Range 18.1 - 100.7 18.6 - 100.7 18.1 - 96.2 21.9 - 98.6 18.7 - 91.3 30.4 - 83.2 

Diagnosis  
      

       DLBCL  917 642 (70 %) 143 (15.6%) 65 (7.1%) 47 (5.1%) 20 (2.2%) 

       FL  698 540 (77.4%) 87 (12.5%) 34 (4.9%) 20 (2.9%) 17 (2.4%) 

       MCL  417 364 (87.3%) 28 (6.7%) 8 (1.9%) 6 (1.44%) 11 (2.6%) 

       MZL  287 214 (74.6%) 36 (12.5%) 18 (6.3%) 9 (3.1%) 10 (3.5%) 

       TCL  259 164 (63.3%) 43 (16.6%) 33 (12.7%) 13 (5%) 6 2.3%) 

       Misc.  235 191 (81.3%) 19 (8.1%) 14 (6%) 5 (2.1%) 6 (2.6%) 

       High Grade BCL 205 141 (68.8%) 42 (20.5%) 8 (3.9%) 11 (5.4 %) 3 (1.5%) 

       Composite  118 91 (77.12%) 13 (11%) 9 (7.6%) 4 (3.4%) 1 (0.9 %) 

       Grey Zone 

Lymphoma 
10 9 (90 %) 0 (0%) 0 (0%) 1 (10 %) 0 (0%) 

ADI   (Quartiles) 
      

    Q1 (0 – 25) 774 615 (79.5 %) 52 (6.7%) 23 (3%) 58 (7.5 %) 26 (3.4%) 

    Q2 (26 – 50) 889 700 (78.7%) 97 (10.9%) 48 (5.4%) 30 (3.4%) 14 (1.6%) 

    Q3 (51 – 75) 753 544 (73.6%) 123 (16.3%) 52 (6.9%) 14 (1.9%) 20 (2.7%) 

    Q4 (76 – 100) 472 (16.3%) 295 (62.5%) 112 (23.7%) 52 (11%) 5 (1.1%) 8 (1.7%) 

ADI  (Continuous) 
      

       Range 1 - 100 1 - 100 2-  100 1 - 100 1 - 93 1 - 95 
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       Mean   (SD) 45.5 (26.2) 43.4 (25.4) 57.2 (25.8) 57.9 (26) 30.2 (23.1) 39.8 (27.1) 

       Median  44 41 59.5 58 22 38 

 1 

Table 2. Population Differences: Study Cohort vs. Excluded Patients and Clinical Trial Participants vs. Non-participants 2 

  Excluded NHL  
Lacking 

census tract  
(%)  

Total study 
cohort 

population  

p-value  
α = 0.05) 

Clinical Trial 
Participants 

(%)  

Non-
participants 

(%)  

p-value 
(α = 0.05) 

N  172 3146   950 (30.2) 2196 (69.8)   

Gender              

       Female  74 (43)  1274 (40.5)  
0.52  

348 (36.6)  926 (42.2)  
0.004  

       Male  98 (57)  1872 (59.5)  602 (63.4)  1270 (57.8)  

Age              

       Mean   67 63  

<0.0001 

61  63    
0.002         SD  11.1  14.6  14.2  14.7  

       Median  68 65 63  65  

Ethnicity              

       Hispanic/Latino  25 (14.5)  411 (13.1)  

0.90 

110 (11.6)  301 (13.7)  

0.12         Non-Hispanic (NH)  143 (83.1)  2660 (84.6)  822 (86.5)  1838 (83.7)  

       Unknown   4 (2.3)  75 (2.4)  18 (1.9)  57 (2.6)  

Race              

       NH White  132 (76.7)  2356 (74.9)  

0.40 

742 (78.1)  1614 (73)  

0.11  

      Hispanic/Latino 25 (14.5) 411 (13.1) 110 (11.6)  301 (13.7)  

        NH Black/AA   8 (4.7)  189 (6)  50 (5.3)  139(6.3)  

       NH Asian  2 (1.2)  116 (3.7)  29 (3.1)  87 (3)  

       Other/Unknown  5 (2.9)  74 (2.4)  19 (2)  55 (2.5)  

Diagnosis              

       DLBCL   55 (32)  917 (29.1)  0.89  
  

259 (27.3)  658 (30.0)  
0.0005  

       FL  41 (23.8)  698 (22.2)  154 (16.2)  544 (24.8)  
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       MCL  18 (10.5)  417 (13.3)  228 (24)  189 (8.6)  

       MZL  16 (9.3)  287(9.1)  55 (5.8)  214 (10.6)  

       TCL  16 (9.3)  259 (8.2)  102 (10.7)  157 (7.1)  

       Misc.  12 (7)  235 (7.5)  49 (5.2)  186 (8.5)  

       High Grade BCL 8 (4.7) 205 (6.5)  63 (6.6)  142 (6.5)  

       Composite  6 (3.5) 118 (3.8) 39 (4.1) 79 (3.6) 

      Grey Zone 
Lymphoma 

0 (0)  
10 (0.3)  1 (0.1)  9 (0.4)  

Clinical Trial Type       

               Any    50 (29.1)  950 (30.2) 0.95 950 (30.2) N/A  

        Non-interventional 19 (11) 403 (12.8) 0.8 403 (12.8) N/A  

         Interventional, non-
therapeutic 

3 (1.7) 90 (2.9) 0.69 90 (2.9) N/A  

         Interventional, 
Therapeutic 

35 (20.3) 646 (20.5) 0.92 646 (20.5) N/A  

Insurance type             

      Private insurance / 
Managed Care  

68 (39.5)  
1504 (47.8)  

0.011  

472 (49.7)   1032 (47)  

0.40 

       Medicare  101 (58.7)  1452 (46.2)  425 (44.7)  1027 (46.8)  

       Medicaid  0 (0)  36 (1.1)  11 (1.2)  25 (1.1)  

       Self-pay  0 (0)  80 (2.5)  18 (1.8)  62 (2.8)  

      Government/Other  3 (1.7)  74 (2.4)  24 (2.5)  50 (2.3)  

Area Deprivation Index  
(Quartiles) 

 
  N= 879 N = 2009  

    Q1 (0 – 25) N/A N/A 

N/A 

260 (29.6) 514 (25.6) 

0.043 
    Q2 (26 – 50) N/A N/A 279 (31.7) 610 (30.4) 

    Q3 (51 – 75) N/A N/A 208 (23.7) 545 (27.1) 

    Q4 (76 – 100) N/A N/A 132 (15) 340 (16.9) 

Area Deprivation Index  
(Continuous) 

 
     

       Mean   N/A N/A 
N/A 

44 46 
0.009 

       SD  N/A N/A 26.1 26.2 
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       Median  N/A N/A 42 45 

Bold values denote statistical significance at the P < .05 level. 1 
DLBCL: Diffuse B Cell Lymphoma.      FL: Follicular Lymphoma.      MCL: Mantle Cell Lymphoma.    MZL: Marginal zone Lymphoma 2 
TCL: T-Cell Lymphoma.     NH: Non-Hispanic.     High grade BCL: High Grade B- Cell Lymphoma 3 
 4 

Table 3. Comparison of demographic factors between non-participates vs participation by type of trial 5 

 

Non-
participants 

(%) 

Interventional 
therapeutic 
trial all (%) 

p-value 
(α = 

unadjusted) 

Interventional 
Non-

therapeutic 
only  

p-value 
(α = 

unadjusted 

Non-
interventional 

Trial only 

p-value 
(α = 

unadjusted 

N 2196  646   
 

69 
 

 235  

Gender 
 

      

Female 926 (42.2) 228 (35.3) 
0.75 

33 (47.8) 
0.39 

87 (37) 
0.81 

Male 1270 (57.8) 418 (64.7) 36 (52.2) 148 (63) 

Age 
 

     

Mean 63 61 

0.001 

60 

0.062 

63 

0.86 SD 14.7 13.3 14.6 16.4 

Median 65 62 62 65 

Ethnicity 
 

      

Hispanic/Latino 301 (13.7) 74 (11.5) 

0.17 

8 (11.6) 

0.74 

28 (11.9) 

0.67 Non-Hispanic (NH) 1838 (83.7) 560 (86.7) 60 (87) 202 (86) 

Unknown 57 (2.6) 12 (1.9) 1 (1.4) 5 (2.1) 

Race 
 

      

NH White 1614 (73) 505 (78.2) 

0.22 

55 (79.7) 

0.63 

182 (77.4) 

0.76 

Hispanic/Latino 301 (13.7) 74 (11.5) 8 (11.6) 28 (11.9) 

NH Black/AA 139 (6.3) 33 (5.1) 4 (5.8) 13 (5.5) 

NH Asian 87 (3) 20 (3.1) 2 (2.9) 7 (3) 

Other/Unknown 55 (2.5) 14 (2.2) 0 (0) 5 (2.1) 
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Diagnosis 
 

      

DLBCL 658 (30.0) 162 (25) 

0.0005 

18 (26) 

0.58 

79 (33.6) 

0.0005 

FL 544 (24.8) 114 (17.6) 21 (30.4) 19 (8.1) 

MCL 189 (8.6) 207 (32) 4 (5.8) 17 (7.2) 

MZL 214 (10.6) 24 (3.7) 10 (14.5) 21 (8.9) 

TCL 157 (7.1) 79 (12.2) 4 (5.8) 19 (8.1) 

Misc. 186 (8.5) 10 (1.5) 8 (11.6) 31 (13.2) 

High Grade BCL 142 (6.5) 26 (4) 4 (5.8) 33 (14) 

Composite 79 (3.6) 23 (3.6) 0 (0) 16 (6.8) 

Grey Zone Lymphoma 9 (0.4) 1 (0.2) 0 (0) 0 (0) 

Insurance type 
 

      

Private insurance / 
Managed Care 

1032 (47) 332 (51.4) 

0.37 
 
 

40 (58) 

0.25 

100 (42.6) 

0.19 

Medicare 1027 (46.8) 278 (43) 28 (40) 119 (50.6) 

Medicaid 25 (1.1) 7 (1.1) 0 (0) 4 (1.7) 

Self-pay 62 (2.8) 14 (2.2) 1 (1.4) 3 (1.3) 

Government/Other 50 (2.3) 15 (2.3) 0 (0) 9 (3.8) 

Area Deprivation 
Index  (Quartiles) 

N = 2009 N= 598    N = 219  

Q1 (0 – 25) 514 (25.6) 191 (31.9) 

0.007 

18 (29) 

0.85 

51 (23.3) 

0.52 
Q2 (26 – 50) 610 (30.4) 185 (30.9) 20 (32.2) 74 (33.8) 

Q3 (51 – 75) 545 (27.1) 141 (23.6) 14 (22.6) 53 (24.2) 

Q4 (76 – 100) 340 (16.9) 81 (13.5) 10 (16.1) 41 (18.7) 
Area Deprivation 

Index  (Continuous) 
       

Mean 46 42 

0.001 

44 

0.54 

47.3 

0.86 SD 26.2 25.9 26 26.5 

Median 45 41 40 44 

Bold values denote statistical significance at the P < .05 level. 1 
DLBCL: Diffuse B Cell Lymphoma.     FL: Follicular Lymphoma.     MCL: Mantle Cell Lymphoma.  MZL: Marginal zone Lymphoma 2 
TCL: T-Cell Lymphoma.  NH: Non-Hispanic.   High grade BCL: High Grade B- Cell Lymphoma 3 
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Figure titles and legends 1 

Figure 1: Depiction of trial participation by age. A) Entire study cohort B. DLBCL sub-cohort. C.) FL sub-cohort.  2 

 3 

Figure 2. Geospatial distribution of patients’ residencies by trial participation.  4 

Legend: A. Distribution of all patients within Texas; B. All patients proximate to TMC; C. Patients with any trial participation; D. Patients with no trial 5 
participation;  E. Patients in non-interventional trials (with overlap); F. Patients in therapeuric trials.  6 
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