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Abstract

PURPOSE—Database linkage between cancer registries and clinical trial consortia has the
potential to elucidate referral patterns of children and adolescents with newly diagnosed cancer,
including enrollment into cancer clinical trials. This study’s primary objective was to assess the
feasibility of this linkage approach.

METHODS—Patients younger than 20 years diagnosed with incident cancer during 2012-2017 in
the Kentucky Cancer Registry (KCR) were linked with patients enrolled in a Children’s Oncology
Group (COG) study. Matched patients between databases were described by sex, age, race and
ethnicity, geographical location when diagnosed, and cancer type. Logistic regression modeling
identified factors associated with COG study enrollment. Timeliness of patient identification by
KCR was reported through the Centers for Disease Control and Prevention’s Early Case Capture
(ECC) program.

RESULTS—Of 1,357 patients reported to KCR, 47% were determined by matching to be
enrolled in a COG study. Patients had greater odds of enrollment if they were age 0-4 years

(v 15-19 years), reported from a COG-affiliated institution, and had renal cancer, neuroblastoma,
or leukemia. Patients had lower odds of enrollment if Hispanic (v non-Hispanic White) or had
epithelial (eg, thyroid, melanoma) cancer. Most (59%) patients were reported to KCR within 10
days of pathologic diagnosis.

CONCLUSION—L.inkage of clinical trial data with cancer registries is a feasible approach for
tracking patient referral and clinical trial enrollment patterns. Adolescents had lower enroliment
compared with younger age groups, independent of cancer type. Population-based early case
capture could guide interventions designed to increase cancer clinical trial enrollment.

INTRODUCTION

Approximately 15,000 children and adolescents younger than 20 years are diagnosed with
cancer each year in the United States.2 However, most of these patients are not enrolled in
clinical trials, especially among adolescents.? Clinical trial enrollment of pediatric patients
with cancer is associated with lower mortality, better supportive care and psychological
outcomes, and higher quality of life in survivorship.34 Several barriers to clinical trial
enrollment exist, including low referral of patients to treatment centers offering clinical
trials, limited clinical trial availability, and geographic distance to clinical trials.>8 Some
barriers disproportionally affect adolescents and young adults (AYAs), age 15-39 years at
diagnosis, who are often treated at adult-focused cancer centers and less likely than children
to be enrolled in clinical trials.% Understanding referral and clinical trial enrollment patterns
can guide efforts to reduce clinical trial enrollment barriers faced by leading clinical cancer
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trial organizations, such as the Children’s Oncology Group (COG), and by other health
professionals.

Central (eg, state and District of Columbia [DC]) cancer registries serve as potential

data sources to identify gaps in clinical trial enrollment and to describe patient referral
patterns. However, while central cancer registries identify >95% of patients with cancer,
national cancer registry data are unavailable for analysis until 24-36 months postdiagnosis.’
To increase the speed of pediatric cancer case ascertainment by cancer registries in the
United States, the Centers for Disease Control and Prevention piloted the pediatric Early
Case Capture (ECC) program to test the feasibility of hospitals, clinics, and laboratories
reporting new cases of cancer to central cancer registries within 30 days of diagnosis
instead of the required 6 months.8:9 While the nine registries that participated in the ECC
program, including the Kentucky Cancer Registry (KCR), provided reliable data with high
completeness,® further assessment can evaluate whether these data could be used to more
quickly and completely identify patients for potential clinical trial enrollment.

The objectives of this study were to assess the feasibility of linking data between a state
cancer registry (KCR) and a database of a large clinical trials consortium (COG) to describe
gaps in clinical trial enrollment and to assess the timeliness of case ascertainment of linked
patients. Assessing patients by demographic and cancer characteristics who are missing
from the COG registry could be useful for elucidating referral patterns and gaps in clinical
trial enrollment, with the goal of building a data linkage framework that could be expanded
to the broader US childhood and adolescent population with cancer.

METHODS

This is a retrospective cohort study of data from the COG and KCR databases for

patients younger than 20 years diagnosed during 2012-2017. In the KCR database, all
patients were Kentucky residents diagnosed with malignant cancer (behavior code = 3),10
including patients diagnosed out-of-state. KCR is charged with collecting data for 100%
of Kentucky residents diagnosed with cancer. Data from the COG database represented
patients diagnosed in every US state and DC, which allowed linkage to Kentucky residents
diagnosed both in and out of state.!! Patients in the COG database had both malignant

and nonmalignant tumors. Patients in the COG database provided informed consent and
were enrolled into one or more COG studies, including therapeutic clinical trials, registry
studies, supportive care trials, and biology and specimen banking studies. Patients treated at
a COG-affiliated hospital but did not enroll in a COG study were not included in the COG
database. Patients were included in the linkage if they had either a first primary cancer or
a second malignant neoplasm; for patients with two or more cancers, only the first cancer
diagnosis was included in the results.

Database Linkage

We securely transferred COG data to KCR staff, who performed database linkage on the
basis of a probabilistic approach that included name (first, middle, and last names were
available for KCR, and name initials were available from COG), date of birth, sex, postal
zip code, cancer site (anatomic codel9), histologic type, and diagnosis date. To compare
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two records, blocking variables were used to increase the efficiency of probabilistic linkage
and define at least one data element that must match. Blocking variables included the
Soundex phonetic of first and last names, initials of first and last names, date of birth, date
of diagnosis, cancer site, histologic type, and zip code. Match*Pro 1.6.5 (National Cancer
Institute) was used to perform the probabilistic linkage. Two independent reviewers from
KCR (E.B.D., J.R.M.) assessed matched patients, patients where matching was uncertain,
and a proportion of unmatched patients as identified by Match*Pro. Reviewers used
additional information to assist in the review of uncertain matches, including addresses,
procedure/enrollment dates, and treatment/enrollment facilities. A Match*Pro cutoff score
was used to determine the total volume of uncertain matches requiring review; the score
was set very low to ensure the opportunity to review many potential pairs. Using this
approach, when only patient initials were available for matching from COG, even minor
discrepancies in other fields usually resulted in nonmatch. Approximately 1,000 record
pairs were manually reviewed to ensure accuracy of the linkage match. The few (<five)
disagreements between initial reviews were discussed by reviewers to arrive at consensus.

Data Elements

Using a linked database file, we described matched and unmatched patient data after
linkage. Matching of a patient indicated enrollment in a COG study. We described

patient demographics including age, sex, race and ethnicity, Appalachian region,!? if the
patient was reported from a COG-affiliated hospital (including the two in Kentucky and
those out-of-state), and the number of days after pathologic diagnosis the patient was
reported to KCR. Race and ethnicity were defined as non-Hispanic Black, Hispanic, non-
Hispanic Other (which included Asian/Pacific Islander, American Indian/Alaska Native,
and individuals with multiple races documented), non-Hispanic White, and Unknown race
and ethnicity. Appalachian geography was included as a variable because this region of
Kentucky experiences a high burden of cancer incidence and poor cancer outcomes.13
Clinical characteristics were stratified by cancer type defined by International Classification
of Childhood Cancer (ICCC) categories.14

Statistical Analysis

Multivariable logistic regression analysis was performed to identify factors significantly
associated with cases being matched in the COG database. Adjusted odds ratios (ORs) and
95% Cls were used to reflect the magnitude of association between a factor and the odds
of matching. The backward selection approach was used to identify the final model, which
included only statistically significant variables except sex. Goodness-of-fit test statistics,
including the Hosmer and Lemeshow test and several R2 measures, were examined for the
model fit. All statistical tests were two-sided with a statistical significance level of <0.05,
and all analyses were performed using SAS 9.4 (SAS Institute Inc, Cary, NC).

The study was conducted with approval from the Institutional Review Board (IRB) of the
University of Kentucky. Data use agreements were signed by the Children’s Hospital of
Philadelphia on behalf of COG, as per the COG research protocol, and the University of
Kentucky. Existing COG written informed consents allow for this sharing of data.
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RESULTS

KCR Case Demographics

During 2012-2017, KCR indicated 1,370 cancer cases among children and adolescents
younger than 20 years; 1,357 patients were diagnosed with a new cancer (Table 1),

and 13 patients had a second recorded malignant neoplasm. Of the 1,357 patients, 32%
were diagnosed at age 0-4 years, 30% were diagnosed at age 15-19 years, 86% were non-
Hispanic White, 504 (37%) patients were seen by an out-of-state facility, 359 (26%) were
reported solely from hospitals outside of Kentucky, and 1,183 (87%) were reported from a
COG-affiliated institution. Most patients seen outside of Kentucky were seen at Cincinnati
Children’s Hospital Medical Center (OH) and Vanderbilt-Ingram Cancer Center (TN). Both
are COG-associated facilities in states adjacent to Kentucky. Of patients diagnosed between
age 0 and 4 years, 402 of 430 (93%) were reported by a COG-affiliated institution, whereas
224 of 238 (94%), 250 of 277 (90%), and 307 of 412 (75%) were reported by a COG-
affiliated institution for patients diagnosed between age 5 and 9, 10 and 14, and 15 and 19
years, respectively.

COG Database Patient Demographics

In the COG database, 43,298 patients were identified during 2012-2017 (Table 1); 40,336
(93%) had a malignant behavior code, and 2,278 (5%) had a borderline behavior code. In the
COG database, 41% were diagnosed at age 0-4 years, 18% were diagnosed at 15-19 years,
and 57% were non-Hispanic White. Of the 43,298 patients, 38,508 (89%) were enrolled in
registry studies, 18,209 (42%) in therapeutic trials, 6,875 (16%) in biology and specimen
banking studies, and 3,910 (9%) in supportive care trials.

Results of Patient Matching

Of 1,357 patients in the KCR database, as indicated by matching, 641 (47%) were enrolled
in a COG study and 716 (53%) were not enrolled (Table 2). Two potential matches were
determined not to match because of inconsistencies in the COG-provided first and last
initials. One Kentucky resident was present in the COG database but not in the KCR
database. Of 641 matched patients, 623 (97%) had tumors with a malignant behavior

code and 18 (3%) had tumors with a borderline behavior code in the COG database,
respectively. The percentage of patients enrolled was 64% among patients age 0-4 years at
diagnosis and 29% among patients age 15-19 years. By race and ethnicity, non-Hispanic
White patients had the highest enrollment (49%), followed by non-Hispanic Black (39%),
non-Hispanic Other (37%), and Hispanic (31%). By cancer type, the highest percentage

of enrolled patients were those with renal tumors (89%), neuroblastoma (86%), leukemias
(83%), and bone tumors (69%); the lowest had epithelial malignancies and melanoma (4%).
Patients reported from COG-affiliated hospitals had 52% enrollment compared with 14% at
non-COG-affiliated hospitals.

Enrollment in a COG study varied by age of diagnosis and cancer type (Fig 1). For those
diagnosed at a COG facility, the percentage enrolled was highest among patients age 0-4
years (64%) and lowest for patients age 15-19 years (37%; Fig 2). For those not diagnosed at
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a COG facility, 14% of patients age 0-19 years were enrolled, including 48% of patients age
0-4 years.

Regression Analysis

Multivariable logistic regression modeling showed that children age 0-4 years had greater
odds of being enrolled in a COG study compared with patients age 15-19 years (adjusted
OR, 1.75 [95% CI, 1.17 to 2.62]; Table 3). Hispanic patients had lower odds of enrolling
compared with non-Hispanic White children. Patients with renal tumors (OR, 21.27 [95%
Cl, 7.11 to 63.65]), neuroblastoma (OR, 17.80 [95% ClI, 8.02 to 39.55]), and leukemia (OR,
16.12 [95% CI, 10.41 to 24.99]) had the highest odds of enrollment compared with patients
with CNS neoplasms. By year, patients diagnosed in 2012 or 2013 had greater odds of
enrollment (v 2017). Patients from non-Appalachian versus Appalachian regions had lower
odds of enrollment (OR, 0.56 [95% ClI, 0.41 to 0.77]).

ECC Results

Of 1,357 patients, 892 (66%) were reported to KCR in <30 days (Table 2). Of these 892
patients, 53% matched with the COG database. Only 36% of patients matched among the
465 patients reported in >30 days. Of the 1,357 patients, 802 (59%) were reported to KCR
in <10 days (Fig 3) and differences were seen by matching status, age, and cancer type. Of
the cases reported from a Kentucky facility, 85% were reported within 30 days. Of the cases
reported from outside of Kentucky, only 8% were reported within 30 days.

DISCUSSION

This study demonstrated the feasibility of linking central cancer registry data with data

from a pediatric cancer clinical trial consortium. By linking COG data with KCR data, we
determined that of Kentucky residents younger than 20 years diagnosed with cancer during
2012-2017, 47% enrolled in a COG study. This linkage strategy allowed us to describe COG
enrollment patterns by patient demographics and cancer type. As part of a program focusing
on early reporting, two thirds of patients were reported to KCR in <30 days and 59% were
reported in <10 days.

Previous studies have successfully linked central cancer registry data with electronic health
record data.15-17 Studies of adult populations used linkage of clinical trial data with central
cancer registry data to identify clinical trial enrollment gaps.18:1° Similar to previous
studies, 1617 we found that several logistical elements were essential for completing this
linkage. First, we identified variables with high completeness for linkage. Second, manual
review was needed for a subset of potential matches; staff time needed for this step was not
a major barrier because of the efficient and accessible interface available in the Match*Pro
linkage software. Third, we identified variables for analysis (eg, patient demographics and
tumor characteristics) that were standardized across databases or could be recoded; COG
and KCR used similar coding for demographic and histology variables, and discrepancies
were straightforward to resolve. Finally, evaluation of regulatory requirements included
review of data sharing agreements, IRB exemption criteria, and confirmation of use of
data allowed by COG patient consent agreements. Our experience suggests that these
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considerations can be satisfactorily addressed, making this approach feasible. Future efforts
could focus on how to increase the speed of the linkage steps to facilitate rapid identification
of patients.

The finding that younger patients had greater odds of enrollment in COG studies is similar
to previous reports.20-22 A 2003 report of registration rates in the Children’s Cancer Group
and the Pediatric Oncology Group (which merged in 2000 to become COG) stated that

the percentage of patients enrolled into clinical trials among those younger than 15 years
was three times higher than those age 15-19 years.2%.23 High enrollment rates for patients
age 0-4 years likely reflect available trials for the most common diagnoses, specifically
acute lymphoblastic leukemia.2* This study found higher enroliment rates among patients
age 0-4 years even among patients not reported from a COG-affiliated institution; future
investigation of this referral pattern could be used to develop interventions for patient groups
with lower enrollment not diagnosed at COG-affiliated institutions. Our results are also
consistent with previous studies documenting enrollment in COG registry studies, such as
the Childhood Cancer Research Network (CCRN)2>:26: an estimated 36% of pediatric cancer
cases enrolled in CCRN during 2008-2015.25 A similar study during 2004-2015 estimated
that 19.9% of patients younger than 20 years enrolled in up-front COG therapeutic trials.22

Observed differences in matching by cancer type are consistent with the published literature:
patients with leukemia and kidney cancer had greater odds of enroliment in a COG study,
whereas patients with germ cell tumors and melanoma had lower odds of enrollment.20.25
ICCC type XI epithelial tumors and melanomas, which contain thyroid cancers, are more
common among adults than children. Low enrollment of patients with these cancer types in
our predominantly pediatric sample is likely driven by their low incidence, non-availability
of COG clinical trials for these cancer types, and probable referral of these patients to
nonpediatric oncology providers. Enrollment differed by year. The odds of matching in

any one particular year might depend on time-related factors including the number or type
of open clinical trials, incidence trends by cancer type, and changes in regional referral
patterns. Future studies could further examine differences between diagnosis and enroliment
year (Appendix Table A1, online only) and the number or type of open clinical trials, which
may require detailed examination by cancer type, age, and local incidence. Findings in this
study showing lower enrollment among Hispanic children and adolescents are consistent
with findings by Aristizabal et al, 2 who cited language and cultural barriers as potential
causes. Interventions addressing social determinants of health, including race and ethnicity,
in pediatric cancer clinical trials are feasible2; use of linked data could help inform these
interventions.

There are several potential explanations for low enrollment in COG studies: patients and
families might choose to not participate in available clinical trials; they might be ineligible,
they might not be offered enrollment, or there might not be an available clinical trial for

that cancer type or stage.21:28 Enrollment on registry studies might be lower if a therapeutic
trial is not available for that patient.2> Specifically, at non-COG hospitals, patients might not
be aware of available studies, might not be referred by their providers, or might not have
geographic access.521 Moreover, AYA patients have lower rates of clinical trial enrollment
when treated by medical rather than pediatric hematologists/oncologists; lower enrollment
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was also noted by AYA at non-COG sites compared with COG-affiliated hospitals.29-30
Patients are more likely to receive care in a community setting as they enter AYA range,31:32
which may lead to lower enrollment.

Of patients with CNS neoplasms, most (51%) were reported to KCR after 30 days,
potentially because of some cases needing multiple external pathology consultations or
possibly longer times needed for unbiopsied tumors, which might take longer to report

to central cancer registries (eg, radiographic diagnosis). However, some cancer types with
low enrollment percentages (eg, germ cell cancer and epithelial tumors and melanoma) had
most patients reported to KCR in the first 30 days. Patients diagnosed outside of Kentucky
(eg, OH) were less likely to be reported to KCR in the first 30 days; most of these cases
were reported to KCR from an out-of-state cancer registry. For cancer types not frequently
reported in the first few days (eg, retinoblastoma, CNS neoplasms), targeted interventions
with clinical providers may be indicated to reduce reporting time.2°

Rapid description of enrollment patterns could potentially help clinical trial organizations or
central cancer registries design interventions to increase clinical trial enrollment. Clinical
trial organizations such as COG could routinely and frequently link data with cancer
registries, providing registries a list of patients not enrolled. In this case, these lists could

be used to identify either COG or non—COG-affiliated institutions with lower enroliment
and gaps in enrollment by demographic characteristic or cancer type. This information
could be used to develop institution- or physician-specific outreach interventions to increase
awareness of and referral to potential clinical trials. In addition, cancer registry data

have been successfully used to identify patients for clinical interventions after the end of
treatment.33 A similar process could be possible for pediatric patients with cancer. Although
the timeline would likely not be rapid enough to influence enrollment in initial therapeutic
trials, rapidly linked data could be used to identify patients for downstream enrollment into
relapse, supportive care, survivorship and late outcome, and registry or biology studies.
Potentially, with consent obtained by the central cancer registry, hospitals or registries could
use this information for specific patient outreach. However, feasibility studies would be
needed to assess the timeliness and logistical elements of this process.

A strength of this study is the use of a central cancer registry to link with a clinical

database using a scalable methodology. However, this study has some limitations. Because
linkage was limited to Kentucky residents, findings might not be generalizable nationally;
the linkage methodology did not address state-by-state variation in data and regulatory
requirements. Absence of full name or other identifiers in the COG database might

have resulted in a small number of negative mismatches. Although there are no large-

scale, competing clinical trial organizations for pediatric cancer, COG enrollment might
underestimate total clinical trial enrollment because some patients in Kentucky might have
enrolled in non-COG, institution-specific clinical trials (ie, out-of-state trials for patients
with multiple-relapsed disease) or, for age 18-19 years, some patients might have enrolled in
trials designed for adult patients.*3* Finally, we were not able to assess reasons for a patient
not enrolling on a COG study.
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COG data linkage with multiple central cancer registries could help clinicians describe
enrollment patterns across a large geographic area, and linkage could expand to age >19
years to assess enrollment patterns for young adults with cancer. A future national linkage
of clinical trial and cancer registry data could be used for real-time identification of patients
and could contribute to data sharing initiatives. A national linkage could enhance programs’
ability, such as the National Childhood Cancer Registry (NCCR), to be used as a tool for
data sharing, patient identification, and assessment of gaps of coverage.3> National registries
(eg, NCCR) linked with clinical trial data could be invaluable for governmental initiatives
such as the Childhood Cancer Data Initiative and CC-DIRECT, which aim to increase the
power of randomized clinical trials, promote access to valuable research databases, and
ensure that families of children with cancer are connected with clinical trial and research
opportunities.36-39
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APPENDIX

TABLE Al.

Differences Between Diagnosis and Enrollment Year Among Patients in COG Database

Enrollment Year

Diagnosis Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

All COG cases
Total 6,672 7,383 7,281 7,337 6,915 6,728 717 208 57 43,298
2012 6,672 984 155 84 28 24 11 15 4 7,977
2013 0 6,399 831 160 59 27 16 17 6 7,515
2014 0 0 6,295 877 139 58 28 20 6 7,423
2015 0 0 0 6,216 743 162 46 34 6 7,207
2016 0 0 0 0 5,946 797 79 41 15 6,878
2017 0 0 0 0 0 5,660 537 81 20 6,298

JCO Oncol Pract. Author manuscript; available in PMC 2025 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Siegel et al. Page 10
Enrollment Year

Diagnosis Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

Matched cases between COG

and KCR
Total 104 103 118 93 100 112 10 0 1 641
2012 104 18 1 1 0 0 0 0 0 124
2013 0 85 16 1 0 0 0 0 0 102
2014 0 0 101 5 0 0 0 0 0 106
2015 0 0 0 86 7 3 0 0 0 96
2016 0 0 0 0 93 12 0 0 0 105
2017 0 0 0 0 0 97 10 0 1 108

Abbreviations: COG, Children’s Oncology Group; KCR, Kentucky Cancer Registry.
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CONTEXT
Key Objective

Most children and adolescents with cancer are not enrolled in clinical trials. Evaluating
which patients are not enrolled may help oncologists increase enrollment and improve
outcomes. We investigated if data from a state cancer registry can be linked to clinical
trial data to describe gaps in clinical trial enrollment.

Knowledge Generated

By matching state cancer registry data with data from a clinical trial organization, we
found that only 47% of patients enrolled in clinical trials and enrollment in clinical trials
was most likely for age 0-4 years, for non-Hispanic White patients, and for patients with
kidney cancer, neuroblastoma, and leukemia.

Relevance

This study demonstrated the feasibility of linking central cancer registry data with data
from a pediatric cancer clinical trial consortium. This method could be used to assess
diagnosis and referral patterns, address barriers to clinical trial enrollment, and improve
quality of pediatric cancer care and research.
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FIG 1.

Percent of patients with cancer among Kentucky residents younger than 20 years at
diagnosis enrolled in a Children’s Oncology Group study by age and cancer type,
2012-2017. ICCC, International Classification of Childhood Cancer.
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100

Percent of Kentucky residents younger than 20 years with cancer enrolled in a COG study
by age and reporting source, 2012-2017. This figure does not include 13 cases of unknown

reporting source. COG, Children’s Oncology Group.
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with cancer younger than 20 years reported in <30 days, 2012-2017. (A) By enrollment
status with Children’s Oncology Group, (B) by age, (C) by ICCC type. ICCC, International
Classification of Childhood Cancer.
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