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Abstract

Equal access to clinical trial enrollment is important to ensure that findings are generalizable to the
broader population. This study aimed to evaluate disparities in enroliment on pediatric oncology
clinical trials. We assessed the relationship between patient characteristics and enroliment on COG
trial AAML1031 in a cohort of pediatric patients with AML in the Pediatric Health Information
System. The associations of enrollment with outcomes were evaluated. Non-Hispanic Black
patients, infants, and patients from zip codes with a lower proportion of poverty were less likely to
enroll (30% vs. 61%, p=.004; 34% vs. 58%, p=.003;46% vs. 58%, p =.02). On-therapy mortality
was similar among enrolled and nonenrolled patients (7.3% vs. 8.9%, p = .47). Differences in
early mortality were more pronounced among nonenrolled patients compared to enrolled patients
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(3.0% vs. 0.5%, p=.03). Understanding the etiology of these disparities will inform strategies to
ensure balanced access to clinical trials across patient populations.
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Introduction

Much of the progress made in treating pediatric cancer is attributable to collaborative
clinical trials conducted through consortia such as the Children’s Oncology Group (COG).
Equitable access to and participation in clinical trials for all populations are essential to
ensure the generalizability of clinical trial results. In addition to advancing the standard of
care for future patients, some studies have suggested that patients who participate in clinical
trials experience improved clinical outcomes [1,2].

Historical data from previous pediatric cooperative groups suggest that the majority of
patients are enrolled on a trial when treated at a cooperative group institution [3,4] and
minorities are proportion-ally represented among them [5,6]. However, other studies suggest
lower clinical trial enrollment among Hispanic patients [7,8], Black patients [8], adolescents
[4,5,7,8], the uninsured [4], and those who live farther from a tertiary care center [9]. To
date, studies that evaluated disparities in COG trial enrollment have been limited to single
institutions or have compared estimates of cancer incidence rates by race/ethnicity with trial
participation rates. In order to identify true disparities, it is necessary to evaluate study
participation within a pediatric cohort representing multiple institutions that offer clinical
trials across the United States.

This study leveraged an existing cohort of children treated for new onset acute myeloid
leukemia (AML) at tertiary care hospitals contributing to the Pediatric Health Information
System database (PHIS) between 2011 to 2014 [10]. The institutions included were all COG
centers that opened the most recent Phase-I11 pediatric AML clinical trial (AAML1031),
which randomized patients with de novo AML to receive chemotherapy in combination with
bortezomib, a proteasome inhibitor, or standard of care chemotherapy alone. In addition,
patients with high allelic ratio FLT3/ITD received a tyrosine kinase inhibitor, sorafenib.

All patients in the cohort received care at an institution where the AAML1031 trial was
open. The primary aim was to identify patient- and institution-level factors associated with
enrollment on AAML1031. We evaluated the impact of trial participation on inpatient
mortality and resource utilization among those treated on clinical trial compared to those
treated off study with the same induction chemotherapy. We hypothesized that Black
patients, adolescents, patients from impoverished or low education areas [11] and patients
with high acuity at presentation were less likely to enroll on AAML1031. We also
hypothesized that trial enroliment was associated with decreased inpatient mortality and
resource utilization.
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Study population

The study population was derived from an existing unmerged PHIS cohort of children who
received standard induction chemotherapy for AML, constructed using a validated process
of manual chemotherapy review described elsewhere [12]. The original cohort was
additionally restricted to patients treated from the date AAML1031 opened in 2011 through
June 2014. Patients who were diagnosed when AAML1031 was not open at their institution
and patients with Trisomy 21 were excluded given they were not eligible for the study.

Outcomes of interest

Covariates

The primary outcome of interest was enrollment on AAML1031. Additional details
regarding the AAML1031 trial can be found at ClinicalTrials.gov (Identifier:
NCT01371981). A second existing COG-PHIS merged cohort [10] consisting of
AAML1031-enrolled patients matched to PHIS based on date of birth, date of diagnosis,
treating hospital, and the presence of an ICD-9-CM code for AML (205.xx) was used to
determine AAML1031 enrollment status. Patients in the study population who were also
included in the AAML1031 COG-PHIS merged cohort were considered “‘enrolled.” Those
who were not identified in the COG-PHIS merge cohort were deemed ‘not enrolled.’

Secondary outcomes, for which trial enrollment was evaluated as the exposure, included
mortality and resource utilization. Inpatient mortality was identified based on discharge
status for each hospitalization. Inpatient death was evaluated at 42 days (early mortality)
[13,14] and 9 months (the point at which most patients have completed four chemotherapy
courses — on-therapy mortality). ICU-level resources were defined by specific ICD-9-CM
procedure codes or billing data considered a priori as markers of organ failure requiring ICU
care including need for any of the following therapies: vasopressor support, mechanical
ventilation, renal replacement therapy, and leuka-pheresis (versus none) [15].

Utilization of antibiotic, antifungal, antiviral, parenteral nutrition, antiemetics, opiates,
antihypertensives, diuretics, blood products, granulocyte colony stimulating factor (G-CSF),
and oxygen were determined from billing data and were evaluated individually. The daily-
level bills for each resource were summed to obtain the total number of days each resource
was utilized. Resource utilization rates were reported as days of use per 100 inpatient days.

Patient characteristics including race/ethnicity, age, sex, and insurance type (private, public,
or other) were ascertained from PHIS. Race and ethnicity were combined into the following
categories: non-Hispanic White, non-Hispanic Black, Hispanic, and other. Patients with
ethnicity documented as ‘unknown’ or ‘missing” were classified as non-Hispanic. PHIS
residential zip code at initial AML admission was used to determine zip-level estimates of
the proportion of residents below the federal poverty line (zip-based poverty) and the
proportion of female residents aged >25 years with less than high school education (zip-
based low education) from 2010 U.S. Census data. Zip-based poverty and low education
were categorized into quartiles. Based on similarities in magnitude of the association with
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trial enrollment across quartiles 2—4, zip-based poverty (<4 vs. 24%) and zip-based low
education (<11 vs. 211%) were dichotomized at the first quartile. Institution-level
characteristics including racial makeup, urban—rural population mix, payer mix, AML
volume, and the hospitalwide mortality rate were also evaluated as covariates.

Statistical analyses

Results

Primary analysis—The primary outcome was enrollment on AAML1031. Baseline
distributions of patient and institution-level characteristics were tabulated by enroliment
status. Log-binomial regression methods were employed to estimate the crude risk ratios for
trial enrollment by patient- and institution-level characteristics. Characteristics that were
hypothesized to affect enrollment a priori or those found to be associated with trial
enrollment (with a p-value <.05) were included in multivariable models to obtain adjusted
RRs. Generalized estimating equations were used to account for nonindependence of
observations from the same institution.

Secondary analyses—In secondary analyses, the exposure of interest was enrollment
status and the outcomes of interest were as follows: inpatient mortality (at 42 days and 9
months); ICU-level care requirements and total days of ICU-level care (ICU LOS); inpatient
days during Induction I (Induction I LOS) and over the course of frontline AML therapy
(on-therapy LOS); and resource utilization rates. Dichotomous outcomes were compared
between enrolled and non-enrolled patients using log-binomial regression, LOS was
compared using linear regression models, resource utilization rates were compared using
Poisson regression models with inpatient days as the offset and Pearson scale adjustment to
correct for possible overdispersion. A plot of institution-specific rates of enrollment and
inpatient mortality was generated to visually assess variability. Post hoc stratification was
employed to explore whether the association between race and trial enrollment was modified
by region or poverty. All analyses were performed using SAS, and p < .05 was considered
statistically significant.

Patient characteristics

Of the 370 patients in the unmerged PHIS AML cohort, 206 (55%) were identified as
enrolled on AAML1031 and 164 (45%) were identified as not enrolled. Thirtynine patients
in the COG-PHIS merged cohort were not identified in the PHIS AML cohort. Figure 1
illustrates the flow diagram of cohort identification and ascertainment of enrollment status.
Patients were predominately non-Hispanic White (53%) and did not present with evidence
of organ failure (90%). There were differences in distributions of race, age, and acuity at
presentation between those enrolled and not enrolled (as shown in Table 1).

Predictors of trial enrollment

In multivariable analysis (displayed in Table 2), non-Hispanic Black patients were less likely
to enroll on trial compared to non-Hispanic White patients (aRR 0.51, 95% CI 0.36, 0.73).
Patients from zip codes with the lowest proportion of families in poverty (<4% below the
federal poverty line - FPL) were also less likely to enroll than those from zip codes with
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higher concentrations of poverty (aRR 0.70, 95% CI 0.55,0.88). However, the association
between zip-based poverty and trial enrollment appeared to vary by race/ethnicity
(Supplemental Table 1). Enroliment rates were similar across noninfant age categories (53—
63%), while infants had lower enrollment (34%, aRR 0.68, 95% CI 0.47, 0.98). Patients with
multisystem organ failure at presentation were enrolled less frequently than patients who did
not have any evidence of ICU-level organ failure at presentation (31% v. 56%, aRR 0. 64,
95% CI 0.31, 1.30) as hypothesized, but this association was not statistically significant.

There was considerable variability in enrollment rates by institution (Supplemental Figure 1,
left panel). However, none of the institution-level characteristics explored (including racial
makeup, urban-rural population mix, payer mix, AML volume, and the hospital-wide
mortality rate — Supplemental Table 2) accounted for variability in trial enrollment.

Mortality and resource utilization

While early inpatient mortality was rare (2.9% overall), it was lower among patients enrolled
on AAML1031 compared to those not enrolled (0.5% vs. 3.0%, crude RR 0.14, 95% ClI
0.02, 0.79). This difference in early mortality explained the marginally lower on-therapy
mortality among enrolled relative to nonenrolled patients (7.3% vs. 8.9%, aRR 0.77, 95% CI
0.41, 1.58). No statistically significant or clinically meaningful difference in ICU-level
resource utilization or any length of stay measure was observed.

Comparisons of resources utilized for supportive care in patients enrolled versus those not
enrolled on AAML1031 are displayed in Table 3. After adjusting for race/ethnicity and zip-
based poverty, enrolled patients received significantly fewer days of parenteral nutrition (8 v.
15 days of use per 100 hospital days, p=.04), diuretics (6 v. 10 days of use per 100 hospital
days, p=.01), and antifungals (71 v. 79 days of use per 100 hospital days, o =.003) than
those not enrolled.

Discussion

We found that 55% of eligible patients in our cohort of children and adolescents treated at
tertiary care children’s hospitals enrolled on COG study AAML1031. Consistent with our
hypothesis, non-Hispanic Black patients were less likely to enroll compared to non-Hispanic
White patients; however, adolescents and patients from low SES were equally or more likely
to enroll, which was not consistent with our initial hypotheses. Trial enrollment was
associated with decreased early inpatient mortality and utilization of several specific
resources, including azoles, TPN, and diuretics.

The enrollment rate of 55% is consistent with previous estimates of pediatric trial
enrollment, which range from 40-60% of eligible patients treated at pediatric cancer centers
[8,9]. Studies of trial enrollment in adults show lower enroliment amongst Black patients
[16], but some have failed to confirm this finding [17]. We found that among those eligible
for the most recent pediatric COG AML trial, non-Hispanic Black patients were 49% less
likely to be enrolled on study compared to non-Hispanic White patients after accounting for
potential confounding factors. Notably, acuity at presentation did not have a substantial
effect on the association between race and trial enrollment. The etiology of low Black
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patient clinical trial enrollment is likely multifactorial. The contribution of skepticism and
negative attitudes among the Black community regarding experimental therapies, as well as
the impact of religious beliefs, continues to be debated [18]. In addition, data suggest that
providers may be less likely to offer clinical trial enroliment to Black patients [19].

Racial disparities in trial enrollment are particularly concerning in light of previously
documented racial dis-parities in AML outcomes [20,21]. Low rates of trial enroliment
amongst non-Hispanic Black patients suggest inequitable access to potential benefits, such
as ‘trial effects’ due to investigational agents and ‘inclusion benefits” derived from
differences in protocol-specified supportive care. Furthermore, low participation among non-
Hispanic Black patients limits generalizability of the trial’s results to this population. As a
group with lower overall survival, advances observed on clinical trials may be less
applicable to non-Hispanic Black patients and may contribute to ongoing survival
disparities.

Reported rates of clinical trial participation among Hispanic patients relative to non-
Hispanic White patients vary between studies. For example, Hispanic patients were more
likely to enroll than non-Hispanic White patients at one institution and less likely to enroll at
another institution [7,22]. Reasons for these reported differences across studies may be due
to factors such as heterogeneity of the Hispanic population by region or heterogeneity of
institutional resources and approaches to enrollment. We found that Hispanic patients had
the same rates of trial enrollment as non-Hispanic White patients and when stratified by
region, Hispanic enrollment did not vary substantially, except in the Northeast, where there
were very few Hispanic patients (Supplemental Table 1). Regional variation observed in
unadjusted analyses (with the Western region most likely to enroll patients) resolved in
multivariable analysis suggestive of confounding due to the racial/ethnic makeup of different
regions. Of note, Hispanic patients may be under-identified in our study given that ethnicity
is not consistently specified in PHIS. However, they represent 19% of the overall study
population consistent with national estimates.

In contrast to our hypothesis, we found that patients from zip codes with a low rate of
poverty (<4%) were less likely to enroll on AAML1031. This differs from previous
literature, which has generally shown that low income adults are less likely to participate in
clinical trials [23-25] and that pediatric patients from low-income areas have no differences
in enrollment [9]. Differences have previously been attributed to patient concerns about
paying for clinical trial treatment, which may be less of a concern in pediatric cancer
patients who often have secondary Medicaid to cover out-of-pocket expenses. In exploratory
stratified analyses, we observed White and Black patients from low poverty areas have a
similar enrollment to the overall population at 52% and 50% respectively, while Hispanic
patients and those in the other race category have notably low enrollment at 25% and 27%
(as shown in Supplemental Table 1). While not statistically significant, these exploratory
analyses suggest that the difference in enrollment among patients from low poverty
neighborhoods may be only observed in select subgroups of patients. Of note, insurance type
(public v. private) did not have any association with trial enroliment.
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There is great interest in trial enrollment amongst adolescents and young adults (AYA) given
their well-documented worse outcomes. Several previous studies have examined enroliment
across pediatric and adult centers, finding adolescents and young adults are less likely to
enroll relative to pediatric patients [26]. Even among those treated exclusively at pediatric
facilities, AYA patients have been shown to be less likely to enroll than their younger
counterparts [27]. Our study suggests that the AYA population had similar rates of
enrollment to non-infant patients when treated at a COG center, contrary to the previous
literature and our hypothesis. Of note, our data also suggest that infants less than 1 year of
age were less likely to enroll on study in contrast to previous work, which has generally
incorporated infants with other children under age 5 years and concluded that they are
overrepresented on clinical trials [26,28,29].

Given the observed variation in enrollment between institutions, we evaluated institution-
level characteristics that might explain these differences, including AML patient volume and
payer mix. However, these characteristics failed to explain the observed variation. Previous
data suggest institutional variation in enrollment is driven by variation at the provider-level
[30,31]. We were unable assess variability in enroliment relative to provider-specific
variables as data on treating providers is not available in PHIS.

In light of insufficient and conflicting evidence for the impact of trial participation on
clinical outcomes [32,33], mortality and resource utilization were evaluated. Given the
infrequent nature of deaths, this study is underpowered to detect a statistically significant
effect and the multivariable model for early morality did not converge. However the
magnitude of the inverse association between trial enrollment and early mortality raises
concern that the sickest patients are not being enrolled on clinical trials, further
substantiating the concern that trial data underestimate early mortality [34]. Because
multisystem organ failure is also rare, we were not able account for the effect of
confounding by presentation acuity on the relationship between trial enrollment and early
mortality. Thus, it remains unclear if early mortality in those not enrolled is due to a trial
effect or selection of a less acute subpopulation for enrollment. Patients treated off study
received more parenteral nutrition, diuretics, and antifungal medications. However, on-
therapy mortality is comparable between those treated on and off study. Although our data
suggest that when treated similarly at institutions with open trials patients both on and off
study have similar outcomes, the question of whether enrollment translates to longer-term
outcome benefits is an area that requires additional investigation.

Our study is strengthened by the use of a nationally representative set of children’s hospitals
as many previous studies have either employed single center institutional datasets or used
SEER, which is limited to a subset of geographic areas. Previous studies demonstrate
different rates of trial enrollment depending on the cancer type and trial type (therapeutic
versus supportive care) [5,7]. Thus, our results may be less generalizable outside the setting
of pediatric AML or therapeutic clinical trials.

In identifying patients from the COG-PHIS merge within the unmerged PHIS AML cohort,
we were unable to match 15% (demographics shown in Supplemental Table 3), raising the
risk of misclassification of the primary outcome and the exposure for secondary analyses.
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More likely, the missing patients are not included in the PHIS AML cohort; this could be
due to a variety of reasons, including transfer in from a non-PHIS institution, lack of
administration of standard induction chemotherapy due to complications, or inaccurate
billing for chemotherapy. If those who enrolled were more likely to be included in the study
population, rates of trial enrollment would be overestimated. No details regarding enrollment
onto other AML trials aside from AAML1031 were available.

Other limitations include lack of clinical details about a patient’s leukemia. As a result, the
definition of acuity of presentation relies on resource use rather than clinical information.
Only inpatient deaths were captured, so deaths outside of PHIS institutions would not be
reflected. SES data were derived from patient zip code and are thus only available for
relatively broad geographic areas around a patient’s address rather than at the individual
level, raising potential for misclassification. Still very few pediatric studies have evaluated
any SES factors, even at the zip code level.

The etiology of the observed disparities in enrollment could have been due to providers not
offering study participation or families declining participation despite the opportunity. In
order to further study the drivers of the differences observed in enrollment by race and SES,
tracking when trials are offered and the circumstances that prevent them from being offered
is necessary. Understanding when trial participation is declined and the rationale for
nonparticipation through prospective data collection is equally important. Capturing the
socio-demographic characteristics of patients, family members, and providers involved as
well as the details of the circumstances, such as time of day and setting in which the trial is
offered, would provide more granular details which would aid in the design of approaches to
improve recruitment of diverse pediatric patients and lessen existing disparities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Patient characteristics by trial enrollment status.

Total N = 370 (%)

Enrolled N= 206 (%)

Not enrolled N = 164 (%)

Race/Ethnicity
Non-Hispanic White
Non-Hispanic Black
Hispanic
Other
Sex
Female
Male
Age, years
0-1
1-5
5-10
10-15
>15
Insurance type
Private
Public
Other
Acuity at Presentation
No ICU
1 system
2 or more systems
Region
South
Midwest
Northeast
West
Zip-based Poverty
<4% population below FPL
24% population below FPL
Zip-based Low Education
<11% without HS diploma
211% without HS diploma
Year
2011
2012
2013
2014

198 (53)
48 (13)
72 (19)
52 (14)

180 (49)
190 (51)

42 (12)
87 (23)
69 (18)
83 (22)
89 (24)

168 (45)
178 (48)
24 (6)

330 (90)
24 (6)
16 (4)

124 (34)
98 (26)
50 (14)
98 (26)

81 (22)
281 (73)

91 (25)
275 (75)

40 (11)
134 (36)
140 (38)
56 (15)

121 (59)
15(7)
43 (21)
27 (13)

98 (48)
108 (52)

15(7)
54 (26)
37 (18)
52 (25)
48 (23)

94 (46)
97 (47)
15(7)

187 (91)
14 (6.1)
5(2.4)

62 (30)
50 (24)
31 (15)
63 (31)

37 (18)
165 (82)

44(22)
158 (78)

21 (10)
82 (40)
68 (33)
35(17)

77 (47)
33 (20)
29 (18)
25 (15)

82 (50)
82 (50)

27 (17)
33 (20)
32 (19)
31(19)
41 (25)

74 (44)
81 (49)
9(5)

143 (87)
10 (6.8)
11 (6.7)

62 (38)
48 (28)
19 (12)
35 (21)

44 (28)
116 (73)

47 (29)
113 (71)

19 (11)
52 (31)
72 (44)
21 (13)
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