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Abstract

BACKGROUND—Poor accrual to cancer clinical trials may contribute to the lower improvement 

in survival observed for adolescents and young adults (AYAs) (those aged 15–39 years) with 

cancer. This has been difficult to quantify without reliable mechanisms to link incident cases with 

study enrollments. Using unique resources available at their National Cancer Institute-designated 

comprehensive cancer center, the authors compared the percentage of AYAs, children, and older 

adults enrolled onto cancer clinical trials and determined predictors of enrollment.

METHODS—Patients diagnosed with cancer from January 2008 through December 2012 at 1 

pediatric and 2 adult University of Southern California hospitals were identified through the 

California Cancer Registry and individually linked to institutional trial enrollment databases. The 

availability of clinical trials was assessed.

RESULTS—Across the center, the enrollment percentage for AYAs (6%) was equal to that of 

older adults (6%), but was less than that for children (22%) (P<.01). Within the children’s hospital, 

the AYA enrollment percentage was also less than that for children (15% vs 23%, respectively; 

P<.01). On multivariate analysis, diagnosis and site of care were found to be predictive of AYA 

enrollment onto therapeutic and nontherapeutic studies. Hispanic and Asian/Pacific Islander 
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individuals were more likely to enroll onto nontherapeutic studies compared with non-Hispanic 

whites, but no racial/ethnic difference was observed for therapeutic studies.

CONCLUSIONS—In the current study, the percentages of AYAs and older adults enrolled onto 

therapeutic trials were low but similar. Diagnosis, site of care, and race/ethnicity appear to be 

predictive of enrollment. Prospective mechanisms must be instituted to capture reasons for 

nonenrollment of AYAs and develop corrective interventions.
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INTRODUCTION

Over a decade ago, data from the National Cancer Institute (NCI) Surveillance, 

Epidemiology, and End Results (SEER) program first suggested that the rate of 

improvement in survival for adolescents and young adults (AYAs) (those aged 15–39 years) 

lagged behind that of both younger and older patients.1,2 Reasons for this deficit are believed 

to be multifactorial and may be related to differences in epidemiology, disease biology, 

pharmacokinetics, insufficient health insurance, psychosocial factors, a lack of provider 

expertise, and age-specific research.

An additional contributor to this survival disparity is the relative lack of AYA participation in 

NCI-funded clinical trials.3–6 Among younger children and subsets of older adults, 

impressive survival gains have been attributed to the systematic enrollment of patients onto 

cancer clinical trials.7 Whether participants derive direct survival benefit is debated, but 

there is universal agreement that clinical trials inform investigators and improve outcomes 

for future patients.8–10 Previous studies have shown that the percentage of AYAs enrolled 

onto cancer clinical trials is significantly lower compared with children aged <15 years.
3–6,11,12 The issue of low clinical trial enrollment is not necessarily unique to the AYA 

population as studies have generally demonstrated an age-related decline in clinical trial 

enrollment.3,13,14

Although clinical trial enrollment among AYAs has been the subject of previous studies,
3–6,11–13,15 to the best of our knowledge the majority of these studies had limitations in 

sample size, racial/ethnic diversity, and/or methods used for estimating accrual percentages. 

Methodologically, most extrapolate enrollment percentages based on national-level estimates 

of incidence,3,4,11,12 or use other indirect measures such as billing and coding data15 or 

provider recall of enrollment status.13 Reports from the NCI estimate the percentage of 

patients enrolled onto clinical trials using SEER incidence data.11,12,14,16,17 Many 

institutions do not have adequate resources with which to document all patients diagnosed 

and treated but not enrolled onto clinical trials. Even across NCI-designated comprehensive 

cancer centers, methods for determining the number and demographic characteristics of 

patients treated but not enrolled onto clinical trials are highly variable.18 In short, to our 

knowledge there is no existing mechanism for linking known incident cases of AYA cancer 

with clinical trial enrollment on a large scale. This fundamental inability to measure the 
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denominator (ie, the total number of patients diagnosed) prohibits an accurate determination 

of the percentage of AYAs who enroll onto clinical trials.19

The Los Angeles Cancer Surveillance Program (CSP) is the population-based cancer 

registry for Los Angeles County and is administered by the University of Southern 

California (USC) Keck School of Medicine and Norris Comprehensive Cancer Center 

(hereafter referred to as USC). This resource provides an opportunity, not otherwise feasible 

with deidentified national-level data, to determine clinical trial enrollment through direct 

linkage of patients enrolled onto clinical trials, as documented on an institutional level, with 

incident cancers captured by cancer registries at the county and state levels. Furthermore, 

USC is a high-volume academic medical center that serves a patient population 

characterized by substantial racial, ethnic, and socioeconomic diversity. With these 

resources, we examined clinical trial enrollment among children, AYAs, and older adults 

diagnosed and treated at USC over a recent 5-year interval. We discovered a significant 

enrollment deficit for AYAs compared with children but equivalent enrollment compared 

with older adults, and determined demographic factors predictive of enrollment in this age 

group.

MATERIALS AND METHODS

Data Source

The CSP has collected demographic, disease, and treatment information concerning incident 

cases of cancer in Los Angeles County since 1972. The CSP is part of the California Cancer 

Registry and is the second largest registry of the NCI SEER program. California law 

requires hospitals and other treatment facilities to report incident cases of cancer within 6 

months of diagnosis. This system of mandated reporting is estimated to result in the capture 

of >98% of all pathologically diagnosed cases.

At USC, cancer care is provided across 4 hospitals: a free-standing children’s hospital 

(Children’s Hospital Los Angeles [CHLA]), an adult cancer hospital (USC Norris Cancer 

Hospital), an adult subspecialty hospital (Keck Hospital of USC), and a public hospital (Los 

Angeles County + USC Medical Center). CHLA limits cancer treatment for newly 

diagnosed patients to those aged birth to 21 years and is the only site that enrolls children 

onto Children’s Oncology Group (COG)-sponsored studies. The USC Norris Cancer 

Hospital and Keck Hospital of USC are adjacent adult facilities that provide medical and 

surgical oncology services, respectively, to the same patient population, and were combined 

for this analysis as 1 site of care. The public hospital offers cancer care for all age groups, 

but rarely treats children aged <15 years.

Duplicate patient entries in the registry were assigned a single site of care based on where 

patients received treatment. Clinical trial enrollments across the center are entered into 

databases maintained by clinical trials offices at CHLA and the USC Norris Cancer 

Hospital, which capture demographic information regarding all patients enrolled on a study, 

including the name of and type of study (or studies) each patient enrolled onto and the 

date(s) of enrollment. The current study was approved by the CHLA and USC institutional 

review boards.
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Study Cohort and Measures

Eligible patients were aged birth to 80 years; newly diagnosed with an invasive malignancy 

between January 1, 2008 and December 31, 2012; and diagnosed and/or treated at a USC 

institution. This time frame was selected as the most recent 5-year period offering complete 

and consistent data from both the state registry and institutional databases. Patients with in 

situ malignancies, a history of a previous invasive malignancy, or a diagnosis made at the 

time of autopsy were excluded. The registry only captures new incident cases and not 

recurrences. Eligible patients identified by the CSP were linked to patients registered in the 

clinical trials databases to determine whether clinical trial enrollment occurred. For CHLA, 

enrollments were manually linked using medical record numbers and dates of birth. For 

patients enrolled at the other sites, enrollments were automatically linked with data-

matching software by complete names and birthdates. Patients were divided into 3 age 

groups: pediatric (aged < 15 years), AYA (aged 15–39 years), and older adult (aged > 39 

years). Demographic data for all AYA patients diagnosed in Los Angeles County between 

2008 and 2012 were also ascertained.

The primary outcome of interest was the percentage of patients enrolled onto a therapeutic 

clinical trial. A therapeutic trial was defined as a phase 2, phase 3, or pilot trial for newly 

diagnosed disease in which overall or recurrence-free survival was a primary or secondary 

outcome. Enrollments onto trials for recurrent or refractory disease and phase 1 trials were 

excluded. The secondary outcome of interest was the percentage of patients enrolled onto a 

nontherapeutic study within 1 year of diagnosis. Nontherapeutic studies were defined as 

epidemiologic studies, biologic studies involving the banking or testing of tumor tissue or 

other specimens, and psychosocial and other supportive care studies. Therapeutic and 

nontherapeutic studies were included irrespective of study sponsor (ie, NCI cooperative 

group studies, institutional and investigator-initiated studies including pilot studies, and 

studies sponsored by the pharmaceutical industry).

The enrollment percentage for therapeutic clinical trials was obtained by dividing the 

number of patients enrolled onto a therapeutic clinical trial, as documented by the 

institutional clinical trials offices, by the total number of patients diagnosed at a USC 

institution, as captured by the CSP registry. The enrollment percentage for nontherapeutic 

studies was similarly obtained. Patients enrolled onto >1 nontherapeutic study were counted 

only once in the numerator.

The availability of therapeutic clinical trials was also assessed. Phase 2 and 3 therapeutic 

studies open at any USC institution that accrued at least 1 patient during the study period 

were counted and assigned a diagnostic category. The number of therapeutic trials open at 

any time during the study period and at any institution across the center was tallied by 

diagnosis.

Statistical Analysis

The chi-square test was used to evaluate the distribution of disease and demographic factors 

across the 3 institutions and to assess age group differences in clinical trial enrollment. 

Logistic regression analysis was used to examine the effect of demographic, disease, and 
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treatment factors on clinical trial participation. Separate multivariate models for trial 

enrollment in each study type (therapeutic and nontherapeutic) were built using stepwise 

model selection. Variables that attained a P value <.05 were considered to be statistically 

significant. All P values refer to 2-sided tests. All computations were completed with SAS 

statistical software (version 9.3; SAS Institute Inc, Cary, NC).

RESULTS

Patient Characteristics

In total, 1699 AYAs (those aged 15–39 years) were diagnosed among the institutions within 

the cancer center during the 5-year study period. AYAs diagnosed at the children’s hospital 

were younger, with a slight male predominance (Table 1). The most common diagnosis 

among AYAs at the children’s hospital was acute leukemia (32%), whereas extracranial 

germ cell tumor was most common at both the adult cancer and public hospitals (14% and 

15%, respectively). At the children’s and public hospitals, the majority of patients were 

Hispanic (63% and 74%, respectively) compared with the adult cancer hospital, in which 

non-Hispanic white patients (50%; P<.01) represented the largest racial/ethnic group.

The AYA population at USC accounted for approximately 15% of all AYAs diagnosed in 

Los Angeles County during the study period (Table 1). AYAs not seen at USC could have 

been treated at a variety of institutions across Los Angeles County, including other academic 

and community-based institutions and private practices. Compared with USC, a slightly 

higher percentage of the county population was female. Among the 10 most frequent AYA 

diagnoses in Los Angeles County, slightly higher percentages of patients with extracranial 

germ cell tumors, sarcoma, and acute leukemia were treated at USC, whereas slightly higher 

percentages of patients with breast and thyroid carcinoma and melanoma were treated 

elsewhere.

Enrollment Percentages

Enrollment percentages for AYAs compared with pediatric patients (those aged < 15 years) 

and older adult patients (those aged > 39 years) were analyzed by study type (therapeutic 

and nontherapeutic). As shown in Table 2, pediatric patients had significantly higher 

enrollment onto both study categories compared with AYAs or older adults. Greater than 

one-half of pediatric patients (54%) enrolled onto any study type compared with 20% of 

AYAs and 17% of older adults (P<.01). The percentages of AYAs and adults enrolled onto 

therapeutic clinical trials were equal (6%). Within the children’s hospital, there was still a 

deficit in enrollment noted among AYAs compared with pediatric patients (15% vs 23%; 

P<.01).

Combining data across all sites, the characteristics of AYAs who were enrolled versus those 

not enrolled onto cancer studies are shown in Table 3. For therapeutic studies, a higher 

percentage of patients aged 15 to 19 years were enrolled onto therapeutic clinical trials 

compared with the other 5-year age intervals, whereas no significant differences were noted 

between males and females or among racial/ethnic groups. The children’s hospital enrolled a 

significantly higher percentage of AYAs onto therapeutic studies (15%) compared with the 
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adult cancer hospital (3%) and public hospital (5%) (P<.01). Breast cancer (19%) and acute 

leukemia (15%) were the diagnoses with the highest percentages of patients enrolled.

For nontherapeutic studies, a higher percentage of patients aged 15 to 19 years were enrolled 

onto nontherapeutic studies compared with the other 5-year age intervals. A higher 

percentage of females were enrolled compared with males (21% vs 12%; P<.01). Higher 

percentages of Hispanics (19%) and Asian/Pacific Islanders (17%) and a lower percentage 

of African Americans (7%) were enrolled compared with non-Hispanic whites (11%) 

(P<.01). The enrollment percentage for nontherapeutic studies varied greatly by institution 

(46% at the children’s hospital, 9%at the adult cancer hospital, and 14% at the public 

hospital; P<.01). Similar to therapeutic studies, the highest enrollment percentages occurred 

among patients with breast cancer (57%) and acute leukemia (26%).

Multivariate analysis of factors potentially related to enrollment onto therapeutic and 

nontherapeutic studies is summarized in Table 4. Patients who were Hispanic and Asian/

Pacific Islander were significantly more likely than non-Hispanic white patients to enroll 

onto nontherapeutic studies, but race/ethnicity was not found to be a significant predictor of 

enrollment onto therapeutic studies. For site of care, AYAs treated at the adult cancer and 

public hospitals were significantly less likely to be enrolled than those treated at the 

children’s hospital in both study categories. For diagnosis, AYAs with breast cancer or 

leukemia were far more likely to be enrolled onto both therapeutic and nontherapeutic 

studies.

Because site of care and age are confounded with younger AYAs treated at the children’s 

hospital and older AYAs treated at the adult institutions, we performed a subanalysis limited 

to a total of 326 patients aged 15 to 21 years (Table 5). Site of care remained a significant 

predictor of enrollment among AYAs aged 15 to 21 years. Those diagnosed at the adult 

cancer hospital or public hospital were less likely to enroll onto nontherapeutic studies 

compared with those diagnosed at the children’s hospital (odds ratio [OR], 0.15 [95% 

confidence interval (95% CI), 0.05–0.45; P<.01] and OR, 0.04 [95% CI, 0.01–0.11; P<.01], 

respectively). For therapeutic studies, AYAs aged 15 to 21 years who were diagnosed at the 

public hospital were less likely to enroll compared with those diagnosed at the children’s 

hospital (OR, 0.26; 95% CI, 0.10–0.71 [P<.01]), but the difference between the adult cancer 

hospital and the children’s hospital was not statistically significant, most likely due to small 

sample size.

Site of care and trial availability are also confounded because COG trials are only open at 

the children’s hospital. As summarized in Table 6, we examined diagnosis-specific 

enrollment by site of care. At the children’s hospital, a much higher percentage of AYAs 

with sarcoma or acute leukemia were enrolled compared with the adult hospitals, whereas 

patients with breast cancer were enrolled only at the adult hospitals.

During the 5-year study period, among therapeutic clinical trials incorporating at least part 

of the AYA age range (15–39 years), there were a total of 14 trials open for breast 

carcinoma, 11 for acute leukemia, and 10 for lymphoma versus 2 trials open for extracranial 

germ cell tumors. Furthermore, the children’s hospital had 50 therapeutic clinical trials open 
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and the adult institutions had 96 open trials. At the children’s hospital, 43 of 50 therapeutic 

trials (86%) encompassed at least part of the AYA age range compared with 92 of 96 

therapeutic trials (96%) at the adult institutions. At the children’s hospital, 30 of 50 trials 

(60%) were for one of the 10 most common diagnoses in the AYA population compared with 

42 of 96 trials (44%) at the adult institutions. In total, only 11 of 146 trials (8%) 

encompassed the entire AYA age range. Of the 10 most common AYA diagnoses, 8 had 

therapeutic clinical trials open within the institution (none for thyroid carcinoma or 

melanoma). Comparatively, clinical trials were open for all 10 of the most common 

diagnoses in children and for 9 of the 10 most common diagnoses in older adults.

Of 96 therapeutic studies available in the adult setting, 26 (27%) were sponsored by 

pharmaceutical companies versus none at the children’s hospital. Due to limitations in data 

coding, we were unable to evaluate for the effect of study sponsorship on enrollment.

DISCUSSION

In the current study, we have described what we believe to be the largest and most accurate 

study published to date characterizing patterns of AYA enrollment onto cancer clinical trials 

at an academic medical center. Using the resources of the USC CSP, enrollment percentages 

were calculated through direct linkage of population-level registry data to patient-level 

clinical trial enrollment data. In comparison with previous studies that were either much 

smaller or involved SEER-based estimates of accrual percentage, the data in the current 

study reflect actual clinical trial enrollment status for each case. Although 22% of newly 

diagnosed children were enrolled onto phase 2 or phase 3 therapeutic clinical trials, just 6% 

of AYAs (those aged 15–39 years) and 6% of older adults were enrolled (P<.01). In limiting 

the analysis to the children’s hospital, enrollment onto therapeutic clinical trials was still 

significantly lower for AYAs compared with younger patients (15% vs 23%; P<.01). The 

pattern of enrollment was similar for nontherapeutic studies, with 47% of children enrolled 

compared with 17% of AYAs and 13% of older adults (P<.01). We have expanded on 

previous studies by including a comparison of AYAs with older adults and examining 

enrollment onto nontherapeutic studies. Furthermore, the large and diverse patient 

population of the study center allowed for an analysis of the impact of race and ethnicity on 

enrollment. We found that Hispanic and Asian/Pacific Islander patients were more likely 

than non-Hispanic white patients to enroll onto nontherapeutic studies, a novel finding that 

to the best of our knowledge has not been reported previously.

On multivariate analysis of factors associated with the enrollment of AYAs onto cancer 

studies, we found that site of care was predictive. AYAs seen at the children’s hospital were 

significantly more likely to enroll compared with AYAs seen at either of the primarily adult 

institutions. The exact reasons for this are unclear but are likely complex. It has been 

proposed that the successful enrollment of AYAs onto clinical oncology trials is a 

multifaceted process involving trial availability on a national level, accessibility on an 

institutional level, presentation on a provider level, and acceptance on a patient level.20 

During the period of the current study, COG trials were accessible to AYAs at the children’s 

hospital but not those cared for at the adult institutions. Furthermore, although our adult 

institutions saw 10 times the number of patients with cancer compared with the children’s 
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hospital, they had only twice as many trials open, which suggests a deficit in the number of 

open trials in relation to patient volume. In seeking to understand actionable barriers to AYA 

clinical trial enrollment, the relative contributions of trial availability and accessibility as 

well as physician attitudes and practices, availability of research support, and patient 

perceptions of clinical trials are worthy of further study and best addressed prospectively.

Diagnosis was significantly associated with AYA enrollment onto both therapeutic and 

nontherapeutic studies. Although extracranial germ cell tumor was the most common 

diagnosis in our AYA population, AYAs with breast cancer, acute leukemia, and lymphoma 

were significantly more likely to enroll onto therapeutic clinical trials, a finding that 

mirrored the number of trials open for each diagnosis during the study period. These 

findings suggest that, in diseases in which important research questions related to survival or 

toxicity remain, a lack of open therapeutic trials may contribute to lower proportional 

enrollment of AYAs. Conversely, for certain tumors with excellent outcomes and no pressing 

need for studies aimed at further refining therapy (eg, low-stage testicular cancer), the 

resources needed for a large-scale clinical trial may be difficult to justify.

Race/ethnicity emerged as a factor that was significantly associated with patient enrollment 

onto nontherapeutic clinical trials. AYAs of Hispanic descent and Asian/Pacific Islanders 

were more likely than non-Hispanic whites to enroll onto nontherapeutic studies. National-

level data have suggested that Hispanics and other minorities are underrepresented on 

clinical trials and are less likely to enroll compared with white individuals.14 The absence of 

an effect of race/ethnicity on enrollment onto therapeutic studies may be related to a lack of 

power from the overall small number of therapeutic enrollments at the adult centers. Cultural 

differences in the patient-physician relationship may possibly influence the likelihood of 

enrollment and is another area worthy of further study.

Previous studies examining clinical trial enrollment among AYAs have only been able to 

derive estimates of enrollment percentages based on national-level incidence data3,4,11,12 or 

billing and coding data.16 The majority of these studies have evaluated enrollment solely 

onto government-sponsored therapeutic trials.11,12,14,16,17 Unlike these earlier studies, a 

major strength of the current study is that cancer registry data were directly linked with 

enrollment data. We were also able to examine enrollment by study type (therapeutic and 

nontherapeutic) and irrespective of funding source. Despite these strengths, the current study 

is limited to the experience at a single academic center and therefore the findings may not be 

generalizable to the entire AYA population because many AYAs with cancer are treated 

outside of academic centers.21 However, the study location likely represents the setting in 

which patients are most likely to have an opportunity for clinical trial enrollment compared 

with nonacademic centers and private practices. It is possible that enrollment was 

underestimated because some patients who underwent diagnostic biopsy or surgery at USC 

never intended to receive ongoing treatment at the center. Unfortunately, we could not fully 

assess the impact of trial availability because these data are not yet prospectively 

documented for all patients treated across the center. With additional resources, the routine 

capture of reasons for nonenrollment would yield a more robust analysis of the impact of 

trial availability and other patient-level and provider-level factors on enrollment.
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On a national and international level, greater collaboration among the oncology disciplines 

is necessary for the development of AYA-focused clinical trials.22 This has emerged as an 

NCI priority with the recent launching of the National Clinical Trials Network (NCTN), 

which brings the COG and 4 adult cooperative groups into a more unified structure built 

around collaboration and resource-sharing.19 Beyond merely changing age eligibility limits 

and gaining cross-group enrollment onto existing trials, the NCTN creates opportunities for 

designing and developing intergroup studies that are genuinely scientifically integrated 

through the incorporation of both pediatric and medical oncology expertise. A current 

example of a study highly relevant to AYAs is ARST1321, which was codeveloped by COG 

and NRG Oncology investigators and is evaluating pazopanib for the treatment of non-

rhabdomyosarcoma soft tissue sarcoma and is open to patients aged ≥2 years.23 ARST1321 

and several other collaborative studies (such as AEWS1031 and AEWS1221 for Ewing 

sarcoma and A031102 for refractory and recurrent germ cell tumors) are available through 

the NCI Cancer Trials Support Unit and can be activated by institutions affiliated with any 

NCTN cooperative group. This more streamlined NCTN infrastructure may permit the 

implementation of strategies to increase the participation of AYAs in clinical trials such as 

ARST1321.

The findings of the current study are relevant for having accurately measured the enrollment 

percentage for AYAs, established its feasibility as a metric with which to track the effect of 

strategies designed to improve enrollment, and identified predictors of enrollment and areas 

for further study.
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TABLE 2.

Comparison of Cancer Study Enrollment Between Pediatric (Aged < 15 Years), AYA (Aged 15–39 Years), and 

Adult (Aged > 39 Years) Patients

Pediatric AYA Adult P

No. 793 1699 9311

Any cancer study 426 (54%) 342 (20%) 1561 (17%) <.01

Therapeutic 174 (22%) 104 (6%) 518 (6%) <.01

Nontherapeutic 371 (47%) 287 (17%) 1215 (13%) <.01

Abbreviation: AYA, adolescents and young adults.

Cancer. Author manuscript; available in PMC 2020 September 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Collins et al. Page 14

TA
B

L
E

 3
.

C
ha

ra
ct

er
is

tic
s 

of
 N

ew
ly

 D
ia

gn
os

ed
 A

Y
A

s 
(A

ge
d 

15
–3

9 
Y

ea
rs

) 
E

nr
ol

le
d 

V
er

su
s 

T
ho

se
 N

ot
 E

nr
ol

le
d 

on
to

 T
he

ra
pe

ut
ic

 a
nd

 N
on

th
er

ap
eu

tic
 C

an
ce

r 
St

ud
ie

s 

(A
cr

os
s 

A
ll 

In
st

itu
tio

ns
)

T
he

ra
pe

ut
ic

N
on

th
er

ap
eu

ti
c

E
nr

ol
le

d
N

ot
 E

nr
ol

le
d

P
E

nr
ol

le
d

N
ot

 E
nr

ol
le

d
P

A
ge

, y

 
15

–1
9

31
 (

12
%

)
23

7 
(8

8%
)

<
.0

1
90

 (
34

%
)

17
8 

(6
6%

)
<

.0
1

 
20

–2
4

10
 (

4%
)

24
1 

(9
6%

)
14

 (
6%

)
23

7 
(9

4%
)

 
25

–2
9

16
 (

5%
)

29
0 

(9
5%

)
30

 (
10

%
)

27
6 

(9
0%

)

 
30

–3
4

14
 (

4%
)

35
7 

(9
6%

)
69

 (
19

%
)

30
2 

(8
1%

)

 
35

–3
9

33
 (

7%
)

47
0 

(9
3%

)
84

 (
17

%
)

41
9 

(8
3%

)

Se
x

 
M

al
e

48
 (

6%
)

81
2 

(9
4%

)
.3

5
10

7 
(1

2%
)

75
3 

(8
8%

)
<

.0
1

 
Fe

m
al

e
56

 (
7%

)
78

3 
(9

3%
)

18
0 

(2
1%

)
65

9 
(7

9%
)

R
ac

e/
et

hn
ic

ity

 
W

hi
te

, n
on

-H
is

pa
ni

c
13

 (
4%

)
34

0 
(9

6%
)

.0
6

38
 (

11
%

)
31

5 
(8

9%
)

<
.0

1

 
A

fr
ic

an
 A

m
er

ic
an

2 
(3

%
)

78
 (

97
%

)
6 

(7
%

)
74

 (
93

%
)

 
H

is
pa

ni
c

77
 (

7%
)

10
11

 (
93

%
)

21
2 

(1
9%

)
87

6 
(8

1%
)

 
A

si
an

/P
ac

if
ic

 I
sl

an
de

r
12

 (
7%

)
16

6 
(9

3%
)

31
 (

17
%

)
14

7 
(8

3%
)

H
os

pi
ta

l

 
C

hi
ld

re
n’

s 
ho

sp
ita

l
29

 (
15

%
)

16
2 

(8
5%

)
<

.0
1

87
 (

46
%

)
10

4 
(5

4%
)

<
.0

1

 
A

du
lt 

ca
nc

er
 h

os
pi

ta
l

10
 (

3%
)

31
0 

(9
7%

)
30

 (
9%

)
29

0 
(9

1%
)

 
Pu

bl
ic

 h
os

pi
ta

l
65

 (
5%

)
11

23
 (

95
%

)
17

0 
(1

4%
)

10
18

 (
86

%
)

D
ia

gn
os

is

 
E

xt
ra

cr
an

ia
l g

er
m

 c
el

l t
um

or
7 

(3
%

)
23

7 
(9

7%
)

<
.0

1
12

 (
5%

)
23

2 
(9

5%
)

<
.0

1

 
Ly

m
ph

om
a

15
 (

8%
)

17
1 

(9
2%

)
12

 (
6%

)
17

4 
(9

4%
)

 
Sa

rc
om

a
9 

(5
%

)
15

6 
(9

5%
)

17
 (

10
%

)
14

8 
(9

0%
)

 
A

cu
te

 le
uk

em
ia

23
 (

15
%

)
13

1 
(8

5%
)

41
 (

26
%

)
11

3 
(7

3%
)

 
B

re
as

t c
ar

ci
no

m
a

26
 (

19
%

)
11

4 
(8

1%
)

80
 (

57
%

)
60

 (
43

%
)

 
O

th
er

24
 (

3%
)

78
6 

(9
7%

)
12

5 
(1

5%
)

68
5 

(8
5%

)

A
bb

re
vi

at
io

n:
 A

Y
A

s,
 a

do
le

sc
en

ts
 a

nd
 y

ou
ng

 a
du

lts
.

Cancer. Author manuscript; available in PMC 2020 September 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Collins et al. Page 15

TA
B

L
E

 4
.

M
ul

tiv
ar

ia
te

 A
na

ly
si

s 
of

 F
ac

to
rs

a  A
ss

oc
ia

te
d 

W
ith

 E
nr

ol
lm

en
t o

f 
A

Y
A

s 
(A

ge
d 

15
–3

9 
Y

ea
rs

) 
on

to
 T

he
ra

pe
ut

ic
 a

nd
 N

on
th

er
ap

eu
tic

 C
an

ce
r 

St
ud

ie
s

T
he

ra
pe

ut
ic

N
on

th
er

ap
eu

ti
c

O
R

 (
95

%
 C

I)
P

O
R

 (
95

%
 C

I)
P

R
ac

e/
et

hn
ic

ity
b

 
W

hi
te

, n
on

-H
is

pa
ni

c
-

N
S

R
ef

er
en

t
<

.0
1

 
A

fr
ic

an
 A

m
er

ic
an

-
0.

38
 (

0.
14

–1
.0

2)

 
H

is
pa

ni
c

-
1.

75
 (

1.
12

–2
.7

2)

 
A

si
an

/P
ac

if
ic

 I
sl

an
de

r
-

1.
80

 (
1.

01
–3

.2
1)

H
os

pi
ta

l

 
C

hi
ld

re
n’

s 
ho

sp
ita

l
R

ef
er

en
t

<
.0

1
R

ef
er

en
t

<
.0

1

 
A

du
lt 

ca
nc

er
 h

os
pi

ta
l

0.
19

 (
0.

08
–0

.4
1)

0.
06

 (
0.

04
–0

.1
1)

 
Pu

bl
ic

 h
os

pi
ta

l
0.

34
 (

0.
20

–0
.5

9)
0.

10
 (

0.
06

–0
.1

5)

D
ia

gn
os

is

 
E

xt
ra

cr
an

ia
l g

er
m

 c
el

l t
um

or
R

ef
er

en
t

<
.0

1
R

ef
er

en
t

<
.0

1

 
Ly

m
ph

om
a

2.
54

 (
1.

01
–6

.4
2)

0.
98

 (
0.

41
–2

.3
4)

 
Sa

rc
om

a
1.

72
 (

0.
62

–4
.7

6)
1.

75
 (

0.
77

–3
.9

8)

 
A

cu
te

 le
uk

em
ia

3.
86

 (
1.

56
–9

.5
6)

3.
03

 (
1.

43
–6

.3
9)

 
B

re
as

t c
ar

ci
no

m
a

9.
01

 (
3.

77
–2

1.
56

)
44

.3
7 

(2
1.

71
–9

0.
69

)

 
O

th
er

1.
04

 (
0.

44
–2

.4
5)

4.
37

 (
2.

29
–8

.3
3)

A
bb

re
vi

at
io

ns
: 9

5%
 C

I,
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
; A

Y
A

s,
 a

do
le

sc
en

ts
 a

nd
 y

ou
ng

 a
du

lts
; N

S,
 n

ot
 s

ig
ni

fi
ca

nt
; O

R
, o

dd
s 

ra
tio

.

a A
ge

 (
as

 c
at

eg
or

ic
al

 v
ar

ia
bl

e,
 5

-y
ea

r 
in

te
rv

al
s)

, s
ex

, r
ac

e/
et

hn
ic

ity
, h

os
pi

ta
l, 

an
d 

di
ag

no
si

s.

b R
ac

e/
et

hn
ic

ity
 w

as
 n

ot
 f

ou
nd

 to
 b

e 
si

gn
if

ic
an

tly
 a

ss
oc

ia
te

d 
w

ith
 e

nr
ol

lm
en

t o
nt

o 
a 

th
er

ap
eu

tic
 c

lin
ic

al
 tr

ia
l.

Cancer. Author manuscript; available in PMC 2020 September 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Collins et al. Page 16

TA
B

L
E

 5
.

M
ul

tiv
ar

ia
te

 A
na

ly
si

s 
of

 F
ac

to
rs

a  A
ss

oc
ia

te
d 

W
ith

 E
nr

ol
lm

en
t o

f 
A

Y
A

s 
R

es
tr

ic
te

d 
to

 T
ho

se
 A

ge
d 

15
 to

 2
1 

Y
ea

rs
 o

nt
o 

T
he

ra
pe

ut
ic

 a
nd

 N
on

th
er

ap
eu

tic
 

C
an

ce
r 

St
ud

ie
s

T
he

ra
pe

ut
ic

N
on

th
er

ap
eu

ti
c

O
R

 (
95

%
 C

I)
P

O
R

 (
95

%
 C

I)
P

H
os

pi
ta

l

 
C

hi
ld

re
n’

s 
ho

sp
ita

l
R

ef
er

en
t

<
.0

1
R

ef
er

en
t

<
.0

1

 
A

du
lt 

ca
nc

er
 h

os
pi

ta
l

0.
22

 (
0.

03
–1

.7
4)

0.
15

 (
0.

05
–0

.4
5)

 
Pu

bl
ic

 h
os

pi
ta

l
0.

26
 (

0.
10

–0
.7

2)
0.

04
 (

0.
01

–0
.1

1)

D
ia

gn
os

is
b

 
E

xt
ra

cr
an

ia
l g

er
m

 c
el

l t
um

or
R

ef
er

en
t

.0
5

-
-

 
Ly

m
ph

om
a

1.
12

 (
0.

23
–5

.5
3)

-

 
Sa

rc
om

a
2.

84
 (

0.
69

–1
1.

76
)

-

 
A

cu
te

 le
uk

em
ia

2.
38

 (
0.

62
–9

.0
6)

-

 
O

th
er

0.
71

 (
0.

15
–3

.1
8)

-

A
bb

re
vi

at
io

ns
: 9

5%
 C

I,
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
; A

Y
A

s,
 a

do
le

sc
en

ts
 a

nd
 y

ou
ng

 a
du

lts
; O

R
, o

dd
s 

ra
tio

.

a A
ge

 (
as

 c
at

eg
or

ic
al

 v
ar

ia
bl

e,
 5

-y
ea

r 
in

te
rv

al
s)

, s
ex

, r
ac

e/
et

hn
ic

ity
, h

os
pi

ta
l, 

an
d 

di
ag

no
si

s 
(b

re
as

t c
ar

ci
no

m
a 

ex
cl

ud
ed

).

b D
ia

gn
os

is
 w

as
 n

ot
 f

ou
nd

 to
 b

e 
si

gn
if

ic
an

tly
 a

ss
oc

ia
te

d 
w

ith
 e

nr
ol

lm
en

t o
nt

o 
a 

no
nt

he
ra

pe
ut

ic
 c

lin
ic

al
 tr

ia
l.

Cancer. Author manuscript; available in PMC 2020 September 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Collins et al. Page 17

TA
B

L
E

 6
.

E
nr

ol
lm

en
t o

f 
A

Y
A

s 
(A

ge
d 

15
–3

9 
Y

ea
rs

) 
on

to
 T

he
ra

pe
ut

ic
 a

nd
 N

on
th

er
ap

eu
tic

 C
an

ce
r 

St
ud

ie
s 

by
 D

ia
gn

os
is

 b
y 

Si
te

 o
f 

C
ar

ea

T
he

ra
pe

ut
ic

N
on

-T
he

ra
pe

ut
ic

E
nr

ol
le

d
N

ot
 E

nr
ol

le
d

P
E

nr
ol

le
d

N
ot

 E
nr

ol
le

d
P

C
hi

ld
re

n’
s 

ho
sp

ita
l

 
E

xt
ra

cr
an

ia
l g

er
m

 c
el

l t
um

or
0 

(0
)

17
 (

10
0%

)
<

0.
01

7 
(4

1.
2%

)
10

 (
58

.8
%

)
0.

05

 
Ly

m
ph

om
a

3 
(1

0.
0%

)
27

 (
90

.0
%

)
10

 (
33

.3
%

)
20

 (
66

.7
%

)

 
Sa

rc
om

a
8 

(3
0.

8%
)

18
 (

69
.2

%
)

14
 (

53
.9

%
)

12
 (

46
.1

%
)

 
A

cu
te

 le
uk

em
ia

14
 (

22
.9

%
)

47
 (

77
.1

%
)

36
 (

59
.0

%
)

25
 (

41
.0

%
)

 
B

re
as

t c
ar

ci
no

m
a

-
-

-
-

 
O

th
er

4 
(7

.0
%

)
53

 (
93

.0
%

)
20

 (
35

.1
%

)
37

 (
64

.9
%

)

A
du

lt 
ho

sp
ita

ls
 (

co
m

bi
ne

d)

 
E

xt
ra

cr
an

ia
l g

er
m

 c
el

l t
um

or
7 

(3
.1

%
)

22
0 

(9
6.

9%
)

<
0.

01
5 

(2
.2

%
)

22
2 

(9
7.

8%
)

<
0.

01

 
Ly

m
ph

om
a

12
 (

7.
7%

)
14

4 
(9

2.
3%

)
2 

(1
.3

%
)

15
4 

(9
8.

7%
)

 
Sa

rc
om

a
1 

(0
.7

%
)

13
8 

(9
9.

3%
)

3 
(2

.2
%

)
13

6 
(9

7.
8%

)

 
A

cu
te

 le
uk

em
ia

9 
(9

.7
%

)
84

 (
90

.3
%

)
5 

(5
.4

%
)

88
 (

94
.6

%
)

 
B

re
as

t c
ar

ci
no

m
a

26
 (

18
.6

%
)

11
4 

(8
1.

4%
)

80
 (

57
.1

%
)

60
 (

42
.9

%
)

 
O

th
er

20
 (

2.
7%

)
73

3 
(9

7.
3%

)
10

5 
(1

3.
9%

)
64

8 
(8

6.
1%

)

A
bb

re
vi

at
io

n:
 A

Y
A

s,
 a

do
le

sc
en

ts
 a

nd
 y

ou
ng

 a
du

lts
.

a A
du

lt 
ca

nc
er

 h
os

pi
ta

ls
 a

nd
 p

ub
lic

 h
os

pi
ta

ls
 w

er
e 

co
m

bi
ne

d 
as

 a
du

lt 
ho

sp
ita

ls
.

Cancer. Author manuscript; available in PMC 2020 September 28.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Data Source
	Study Cohort and Measures
	Statistical Analysis

	RESULTS
	Patient Characteristics
	Enrollment Percentages

	DISCUSSION
	References
	TABLE 1.
	TABLE 2.
	TABLE 3.
	TABLE 4.
	TABLE 5.
	TABLE 6.

