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Abstract

Background: The increasing number of childhood cancer survivors necessitates continued
follow-up to monitor for long-term complications. Inequities in loss to follow-up for patients
enrolled on pediatric clinical trials have not been well studied.
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Methods: This was a retrospective study of 21,084 patients residing in the United States
enrolled on phase 2/3 and phase 3 Children’s Oncology Group (COG) trials between January

1, 2000 and March 31, 2021. Rates of loss to follow-up to COG were evaluated using log-rank
tests and multivariable Cox proportional hazards regression models with adjusted hazard ratios
(HRs). Demographic characteristics included age at enrollment, race, ethnicity, and zip code level
socioeconomic data.

Results: Adolescent and young adult (AYA) patients 15-39 years old at diagnosis had an
increased hazard of loss to follow-up compared to patients 0-14 years old (HR, 1.89; 95%
confidence interval (Cl), 1.76-2.02). In the overall cohort, non-Hispanic Blacks were found to
have an increased hazard of loss to follow-up compared to non-Hispanic Whites (HR, 1.56;

95% Cl, 1.43-1.70). Among AYAs, the highest loss to follow-up rates were among non-Hispanic
Blacks (69.8% + 3.1%), patients on germ cell tumor trials (78.2% = 9.2%), and patients living in
zip codes with a median household income <150% of the federal poverty line at diagnosis (66.7%
+ 2.4%).

Conclusions: AYAs, racial and ethnic minority patients, and those living in lower
socioeconomic status areas had the highest rates of loss to follow-up among clinical trial
participants. Targeted interventions are warranted to ensure equitable follow-up and improved
assessment of long-term outcomes.

Plain Language Summary—

. Little is known about disparities in loss to follow-up for pediatric cancer clinical trial
participants.

. In this study, we found that participants who were adolescents and young adults when
treated, those who identified as a racial and/or ethnic minority, or those residing in
areas with lower socioeconomic status at diagnosis were associated with higher rates of
loss to follow-up.

. As a result, the ability to assess their long-term survival, treatment-related health
conditions, and quality of life is hindered.

. These findings suggest the need for targeted interventions to improve long-term
follow-up among disadvantaged pediatric clinical trial participants.

Keywords

adolescent and young adults; clinical trials; long-term follow-up; loss to follow-up; pediatrics;
racial and ethnic disparities; socioeconomic disparities

INTRODUCTION

Loss to follow-up after cancer therapy is a challenge in the pediatric, adolescent, and
young adult (AYA) cancer populations.! These survivors have a 14% gap in life expectancy
compared to the noncancer population, and are found, on average, to have five severe, life
threatening, or fatal chronic health conditions by the time they are 50 years old.23 One
challenge in delivering appropriate long-term care to childhood and AYA cancer survivors
is discontinuation of follow-up at a cancer center.* One study found that merely 17.8%
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of patients received survivor-focused care and only 14.6% of those patients did so at a
comprehensive cancer center.> A majority of cancer survivors receive their health care
from primary care providers, who often lack in-depth knowledge about treatment-related
complications.>

AYAs, defined as individuals 15 to 39 years old, account for approximately 90,000 of the

new cancer diagnoses per year in the United States.5” AYAs are more likely to be lost

to follow-up compared with younger children.! One study found that only approximately
50% of young adult survivors of childhood cancers return for follow-up 10 years after
completion of therapy.} Although AYAs have cancers that are treated both by pediatric

and adult oncologists, they often experience challenges finding age-appropriate care given
their unique psychosocial and financial needs.8-10 Inequities have been noted in long-term
follow-up among AYAs, with non-Hispanic Black and uninsured patients having decreased
rates of follow-up.1® Given AYAs’ increased therapy-related toxicities, specialized follow-
up is crucial to optimize AYAs’ long-term health outcomes.11-15

Loss to follow-up can cause discrepancies in clinical trial data collection and capturing
information about long-term survival, serious adverse conditions, and late relapses.16:17
Many studies in literature evaluating loss to follow-up have been single-institution studies
or reports from childhood cancer survivorship cohorts, which include both clinical trial and
nonclinical trial participants. There is no study that has reported on loss to follow-up with
a focus on clinical trial participants. Patients enrolled in clinical trials have more stringent
follow-up guidelines, with the expectation that there would be decreased loss to follow-up
among these patients.

The purpose of this study was to evaluate inequities in loss to follow-up rates among
children and AYAs enrolled on clinical trials sponsored by the Children’s Oncology Group
(COG), the world’s largest pediatric cooperative cancer study group, and identify risk factors
associated with increased loss to follow-up by using the COG trial database.

MATERIALS AND METHODS

This study included patients residing in the United States (US) whose first enrollment was
on a first-line phase 2/3 or phase 3 trial and were enrolled between January 1, 2000 and
March 31, 2021. Phase 2/3 and phase 3 trials require patient report of follow-up for 10 years
post completion of the therapy before being designated as completed. Patients were excluded
if they were enrolled on trials that were not designated as complete or those whose first
enrollment was on a relapse or nontherapeutic trials were excluded.

Data collection

For each patient included in the analysis, birth sex, race, ethnicity, country of residence,
diagnosis, age at diagnosis, age at enrollment, date of enroliment, protocol number, date of
last follow-up, and patient status as of the last follow-up date were obtained from the COG
database.
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Demographic and clinical variables

Race and ethnicity were combined and recoded as non-Hispanic White, non-Hispanic Black,
non-Hispanic Asian, non-Hispanic Native Hawaiian or other Pacific Islander, and Hispanic
(all races). Age at enrollment was categorized as <14 years of age and 15-39 years of age.
Year of enrollment was reclassified by 4-year intervals: 2000-2004, 2005-2009, 2010-2014,
and 2015-20109.

Socioeconomic variables

Zip-code level socioeconomic status (SES) data was obtained from the 2009-2013 American
Community Survey, including median household income and percentage of residents within
each zip code with a bachelor’s education or higher. Median household income values were
divided into tertiles of <150% of the federal poverty level (FPL), >150%-300% FPL, and
>300% FPL. The FPL for a four-person household in the United States based on 2021
poverty guidelines from Health and Human Services was $26,500.18 The percentage of
residents within each zip code with at least a bachelor’s education was also classified into
tertiles: <25%, 25% to <50%, and =50%.

Disease categories

The protocols were classified for analysis as follows: acute lymphoblastic leukemia (ALL),
acute myeloid leukemia (AML), central nervous system (CNS), Ewing sarcoma (EWS),
germ cell tumors (GCT), liver tumors (HEP), Hodgkin lymphoma (HOD), neuroblastoma
(NBL), non-Hodgkin lymphoma (NHL), renal tumors (REN), rhabdomyosarcoma and

soft tissue tumors (RST), and rare tumors (RARE), which included patients enrolled

on adrenocortical tumor, nasopharyngeal carcinoma, and retinoblastoma trials.1%-21 No
osteosarcoma patients were included in this study because none of the osteosarcoma
protocols had completed follow-up at time of analysis. The list of included trials is provided
in Table S1.

Outcome variables

The primary outcome in this study was the duration of follow-up. Date of enrollment, date
of last follow-up, vital status as of the last follow-up date, and whether patients were lost to
follow-up were used to derive duration of follow-up for each patient. Loss to follow-up was
defined per COG as patients who were not seen in follow-up despite a documented effort to
contact a patient over a 12-month time-period without success. Follow-up data collection is
required for patients enrolled on COG trials unless patient is taken off study.

Statistical analysis

The Kaplan—Meier method was used to estimate probability of loss to follow-up, with
standard errors assessed with the Greenwood method and 95% confidence intervals (ClIs)
based on the complementary log-log transformation method.22 Comparisons of probability
of loss to follow-up between patients with different demographic, clinical, patient or disease
characteristics were conducted with log-rank test or univariate and multivariable Cox
proportional hazards regression models. A patient was considered as having an event if
patient was lost to follow-up. Those who were not lost to follow-up were censored at last
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follow-up date. Patients who died were censored at date of death. All reported p values are
two-sided, and a p value of <.05 was considered statistically significant. Statistical analyses
were performed using StataSE Version 17.0 (College Station, Texas).

RESULTS

Patient characteristics

A total of 21,084 patients were included in the final analysis. As shown in Table 1, the
majority of patients included were enrolled at <14 years of age, with 19.1% of patients
enrolled between 15-39 years of age. A total of 54.7% of pediatric patients and 57.6% of
AYAs were male. In both age groups, most patients were non-Hispanic White and enrolled
on ALL trials. A total of 62.3% of pediatric patients and 62.7% of AYAs lived in zip codes
with a median household income between 150% and 300% FPL.

Loss to follow-up in overall cohort

The 5- and 10-year rates (xstandard error) of loss to follow-up for the entire cohort were
11.7 £ 0.2% and 37.7 £ 0.4%, respectively. AYAs had increased rates of loss to follow-up
compared to the pediatric group at 5 years (22.4% + 0.8% vs. 9.5% + 0.2%) and 10 years
(58.5% + 1.1% vs. 33.6% + 0.4%) (Table 2, Figure S1A). Non-Hispanic Blacks had the
highest probability of loss to follow-up compared to non-Hispanic Whites (50.6 + 1.4% vs.
35.5 + 0.5%) (Table 2, Figure S1B). When evaluating by disease group, patients enrolled on
HOD and GCT trials had the highest probabilities of loss to follow-up at 10 years (HOD,
60.6% * 1.2%; GCT, 56.6% + 3.4%) (Table 2, Figure S1C). Patients residing in areas where
the median household income is <150% FPL had the highest probability of loss to follow-up
compared to higher income areas (Table 2, Figure S1D). Younger AYAs 15-21 years old had
a 10-year loss to follow-up rate of 57.5% + 1.0% versus 48.5% =+ 5.5% in older AYAs 22-39
years old, but this was not statistically different (Figure S2).

As shown in Table 2, on multivariable analysis, AYAs had an increased hazard of loss to
follow-up (adjusted hazard ratio [HR], 1.89; 95% CI, 1.76—-2.02) compared to pediatric age
group. Compared to non-Hispanic Whites, non-Hispanic Blacks had the highest hazard of
loss to follow-up (HR, 1.56; 95% CI, 1.43-1.70), followed by non-Hispanic Asians (HR,
1.16; 95% ClI, 1.00-1.35). When evaluating by disease group, patients with the highest
hazard of loss to follow-up were those enrolled on GCT and HOD trials (HR, 2.12; 95% ClI,
1.76-2.55 and HR 1.81; 95% ClI, 1.66-1.97, respectively, reference = ALL).

Loss to follow-up in cohort stratified by age

The results were stratified by age into two categories: pediatric patients 0-14 years old (n

= 17,066) and AYAs 15-39 years old (/7= 4018). As seen in Table 3, within all patient
characteristics, the AYA cohort consistently had higher rates and hazards of loss to follow-up
at 10 years compared to the pediatric cohort. Figure 1 shows the probability of loss to
follow-up stratified by gender, race and ethnicity, median household income, and education
level within the AYA cohort. Female AYAs had a decreased rate of loss to follow-up (female:
55.9% + 1.6% vs. male: 60.5% + 1.4%) compared to male AYAs (Figure 1A, Table 3).
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Race and ethnicity and loss to follow-up

In both age cohorts, non-Hispanic Blacks had the highest 10-year loss to follow-up rates
with 69.8% + 3.1% among non-Hispanic Black AYAs (Figure 1B, Table 3) and 46.7% +
1.5% among pediatric non-Hispanic Blacks (Table 3). Non-Hispanic Black AYAs had the
highest hazard of loss to follow-up (HR, 1.47; 95% Cl, 1.23-1.76, reference = non-Hispanic
White). Even among non-Hispanic Whites, there was an increased rate of loss to follow-up
among AYAs compared to pediatric patients (55.4% * 1.3% vs. 31.1% + 0.6%) (Table

3). The loss to follow-up rates of AYA non-Hispanic Asians and Hispanic patients were
almost double that of their pediatric counterparts—57.4 + 6.0% versus 34.0 + 2.3% for
non-Hispanic Asian AYAs and children and 63.2 + 2.7% versus 32.6 + 1.0% for Hispanic
AYAs and children (Table 3).

Socioeconomic status and loss to follow-up

For both age cohorts, patients from lower income areas and areas with lower educational
attainment had increased hazard of loss to follow-up (Table 3). When stratifying the data by
SES indices, AYAs from areas with median household income <150% FPL had higher loss
to follow-up rates at 10 years compared to those from areas with median household income
>300% FPL (66.7 + 2.4% vs. 57.7 £ 2.6%) (Figure 1C, Table 3). The loss to follow-up

rate among AYAs from zip codes with <25% of the population having at least a bachelor’s
education was higher than those from areas where =50% of the population had a bachelor’s
education (61.8 = 1.4% vs. 51.8 + 3.1%) (Figure 1D, Table 3).

Disease group and loss to follow-up

The patients with the highest 10-year loss to follow-up rate in both age cohorts were those
enrolled on GCT trials (Table 3), with 54.0% + 3.7% of pediatric patients and 78.2% + 9.2%
of AYAs enrolled on GCT trials being lost to follow-up (Table 3). The disease groups with
higher hazards of loss to follow-up among AYAs were GCT (HR, 2.45; 95% Cl, 1.45-4.13,
reference = ALL trials) and HOD (HR, 1.62; 95% CI, 1.41-1.85, reference = ALL trials)
(Table 3).

DISCUSSION

AYAs, non-Hispanic Black patients, patients residing in areas with lower SES, and patients
enrolled on HOD and GCT trials had the highest rate and hazard of loss to follow-up at both
5 and 10 years after therapy completion. Compared to younger patients, AYAs had an 89%
increased hazard of loss to follow-up. Among AYAs, the highest 10-year loss to follow-up
rates were among non-Hispanic Blacks (69.8%), patients enrolled on GCT trials (78.2%),
and patients living in areas with a lower income level (66.7%). Having more than two-thirds
of patients from disadvantaged populations being lost to follow-up has significant negative
implications on the inequities in access to follow-up care for these patients as well as biases
in centralized data collection.

AYA trial enrollment disparities on both pediatric and adult clinical trials have been noted
in prior studies, which translates to fewer AYAs having access to innovative therapies and
challenges in evaluating potential differences in therapy toxicities.10:1523-31 Even among
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AYAs that do enroll on trials and have more structured follow-up guidelines, our study
found that they have significantly higher loss to follow-up rates compared to their younger
counterparts. The results of these analyses among clinical trial participants shed light on
inequities in long-term follow-up and suggest that the loss to follow-up rate may be even
higher in AYAs not enrolled on trials.

Potential explanations for why AYAs have increased loss to follow-up include moving away
from their initial center of treatment, changes in insurance and finances, transitioning out

of pediatrics care, or coping with psychosocial challenges.32 Age limits at pediatric centers
is also a significant source of loss to follow-up because most centers will not see patients
past the age of 21 years. Patients might be receiving appropriate follow-up care at non-COG
sites, which is not always consistently captured and can affect the accuracy of COG data
collection. Provider bias also can cause loss to follow-up due to difficulties managing their
higher rates of nonadherence and psychosocial challenges.127:33 Given that AYAs are at
increased risk of developing long-term physical and psychological complications from their
initial therapy, it is crucial to ensure seamless transition of care between pediatric and adult
providers to provide consistent survivorship care.34-36

Another factor associated with loss to follow-up was disease group. Patients enrolled on
CNS and ALL trials had lower rates of loss to follow-up, whereas those enrolled on

GCT and HOD trials had higher loss to follow-up rates. Both HOD and germ cell tumors
predominantly affect AYAs.37:38 Given this finding, a subset analysis was completed for
AYAs, and even then, those enrolled on GCT and HOD trials were more likely to be

lost to follow-up. One potential explanation could be much shorter duration of therapy in
these tumors compared to other malignancies as well as variability in disease surveillance
recommendations between the different clinical trials. Notably, the GCT AYA cohort was
small and included only 26 patients, which does limit the generalizability of these finding in
GCT patients.

Race, ethnicity, and SES were significant factors affecting loss to follow-up rates in our
study population. The majority of patients enrolled were non-Hispanic Whites, suggesting
that there might be inequities in trial access based on race and ethnicity. Non-Hispanic
Blacks and those living in zip codes with lower SES indices had higher rate of loss to
follow-up compared to other groups. Health-related social risks include housing, personal
safety, financial stability, education, and food security can impact therapy adherence and
overall outcomes.3%-41 Racial and ethnic minority patients may be more prone to loss to
follow-up due to psychosocial barriers such as distrust of the health care system due to
discrimination.4243

Financial insecurity could further restrict access to care.** The high health care costs of
both active therapy and post-therapy surveillance, especially if uninsured, cause significant
financial toxicity for survivors, causing them to be more likely to forego follow-up
care®>-47 Although the Affordable Care Act led to a decrease in the number of uninsured
patients, there persists a racial and ethnic disparity in insurance coverage, with 33.4% of
Hispanics and 20.7% of non-Hispanic Blacks remaining uninsured compared to 11.8% of
non-Hispanic Whites.*4
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The study findings emphasize the urgent need to address barriers to follow-up care at the
patient, provider, institution, and health care system levels. Potential approaches to increase
survivor follow-up include increasing collaboration between adult and pediatric oncologists,
improving primary care provider awareness, and better understanding the financial and
psychosocial barriers to continuing to follow-up with their health care team.23.25.30 Other
strategies include engaging AYAs through social media or other technological platforms
such as telehealth to promote follow-up and improve their supportive care.*8 AYAs have
been found to be rapid adopters of technology, and social media is becoming an increasing
cornerstone for them to exchange ideas and seek support.49:50

There were many strengths to using the COG data set. The large sample size lends this
data to be representative of United States pediatric and AYA clinical trial enrollment with
the inclusion of multiple disease types and sociodemographic heterogeneity. However, the
limited sample size of AYAs in some disease groups, such as GCT, does impact the
generalizability of these results to those patients. In addition, the COG database only
captures clinical trial patients and does not necessarily reflect the rates of loss to follow-up
for patients who received standard-of-care therapies. Additionally, the SES data available
within the database is limited. Historically, COG has not collected robust individual SES
data when enrolling patients. Another limitation to the database is that patient migration
is not consistently captured. These patients might be receiving appropriate follow-up care
elsewhere, such as with a primary care provider or with adult oncologists, which is not
captured consistently in this data set.

In conclusion, this study shows that there are striking inequities in receipt of long-term
follow-up care in AYAs, especially racial and/or ethnic minority patients or those living in
areas with lower SES indices. The results presented in this article call for a need to actively
engage AYAs and address barriers to prevent them from being lost to follow-up. Specific
strategies to include those patients from racial and ethnic minorities and lower SES must be
used to ensure equitable follow-up care for these clinical trial participants. Increasing access
to follow-up care will help mitigate disparities, improve survival, and achieve less biased
data collection and understanding of long-term outcomes for childhood and AYA cancer
survivors.
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FIGURE 1.
Probabilities of loss to follow-up in adolescent and young adult (AYA) patients stratified by

gender, race and ethnicity, median household income, and education level. Probabilities of
loss to follow-up in AYA patients stratified by (A) gender, (B) race and ethnicity, (C) median
household income, and (D) education level.
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