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BACKGROUND: Approximately 50% of children with cancer in the United States who are aged
<15 years receive primary treatment on a therapeutic clinical trial. To the authors’ knowledge, it
remains unknown whether trial enroliment has a clinical benefit compared with the best alternative
standard therapy and/or off trial (ie, clinical trial effect). The authors conducted a retrospective
matched cohort study to compare the morbidity and mortality of pediatric patients with cancer
who are treated on a phase 3 clinical trial compared with those receiving standard therapy and/or
off trial.

METHODS: Subjects were aged birth to 19 years; were diagnosed between 2000 and 2010

with acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML), rhabdomyosarcoma,
or neuroblastoma; and had received initial treatment at the Children’s Hospital of Philadelphia.
On-trial and off-trial subjects were matched based on age, race, ethnicity, a diagnosis of Down
syndrome (for patients with ALL or AML), prognostic risk level, date of diagnosis, and tumor

type.

RESULTS: A total of 428 participants were matched in 214 pairs (152 pairs for ALL, 24 pairs
for AML, 32 pairs for rhabdomyosarcoma, and 6 pairs for neuroblastoma). The 5-year survival
rate did not differ between those treated on trial versus those treated with standard therapy and/or
off trial (86.9% vs 82.2%; P=.093). On-trial patients had a 32% lower odds of having worse
(higher) mortality-morbidity composite scores, although this did not reach statistical significance
(odds ratio, 0.68; 95% confidence interval, 0.45-1.03 [~ =.070]).

CONCLUSIONS: There was no statistically significant difference in outcomes noted between
those patients treated on trial and those treated with standard therapy and/or off trial. However, in
partial support of the clinical trial effect, the results of the current study indicate a trend toward
more favorable outcomes in children treated on trial compared with those treated with standard
therapy and/or off trial. These findings can support decision making regarding enrollment in
pediatric phase 3 clinical trials.

Keywords
clinical trial; outcomes assessment; pediatric oncology; retrospective studies; trial effect

INTRODUCTION

Cancer remains the leading cause of disease-related death for children. Approximately 17.1
per 100,000 children aged <20 years are diagnosed with cancer each year in the United
States, with 1 in 8 children with cancer dying of their disease.l? National Cancer Institute—
sponsored/Children’s Oncology Group (COG) clinical trials have contributed to increased
cure rates for children with cancer, with approximately 100 COG research trials (85% of
which are therapeutic trials) sponsored each year.12 Approximately one-third to 86% of
children in the United States aged <15 years who are newly diagnosed with cancer are
treated on a therapeutic clinical trial.3=5 In contrast, <20% of adolescents aged 15 to 20
years are treated on a clinical trial, a differential that may contribute to the higher mortality
and morbidity noted among adolescents and young adults (AYASs) with cancer compared
with younger children.3:6
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Although clinical trials have been central to the identification of long-term, continual
improvements in pediatric cancer treatments, there are questions regarding whether
individual children participating in cancer clinical trials have improved outcomes compared
with those who receive treatment outside of clinical trials regardless of trial arm.” The
majority of studies have reported no mortality benefit to trial participation, but results have
been mixed with limitations noted, including the ability to adequately adjust for potential
confounders.6-8-14 Proposed mechanisms of the trial effect are multifactorial and include
the benefits attributed to the experimental therapy, a monitoring effect, selection bias for
healthier patients to enter a trial, behavioral changes on the part of oncology providers or the
patient and family, and an outcomes assessment bias.5:1°

In the current study, matching analytic techniques were used to compare a cohort of
pediatric patients receiving primary therapy on trial compared with standard therapy and/or
off trial on the outcomes of overall survival and morbidity. We chose 4 tumor types, acute
lymphocytic leukemia (ALL), acute myeloid leukemia (AML), rhabdomyosarcoma (RMS),
and neuroblastoma (NB), that are relatively common and had adequate numbers of patients
participating in clinical trials to support a matched comparison of outcomes.12 Standard
therapy and/or off trial was by protocol, typically based on the treatment arm of a prior,
specified trial that established the efficacy for standard care.

MATERIALS AND METHODS
Study Population and Study Site

The study protocol was approved by the institutional review boards of the Children’s
Hospital of Philadelphia (CHOP) and the University of Pennsylvania. The CHOP clinical
trial database was used to identify eligible subjects. The CHOP tumor registry was used

to confirm whether subjects received initial treatment on a phase 3 clinical trial (on trial)
or standard therapy and/or off trial. Participation in a clinical trial was confirmed by chart
review. Inclusion criteria were: 1) a cancer diagnosis between birth and age 19 years; 2)
diagnosis between 2000 and 2010; 3) tumor type of ALL, AML, RMS, or NB; and 4)
diagnosis at a time when a phase 3 clinical trial for the tumor type and risk level was

open at CHOP. Exclusion criteria included having a prior malignancy or receiving initial
treatment at an outside hospital. Patients with the myeloproliferative neoplasms of juvenile
myelomonocytic leukemia, myelodysplastic syndrome, polycythemia vera, and refractory
anemia were excluded. Those with mixed lineage leukemia and acute biphenotypic leukemia
diagnoses also were excluded.

All phase 3 clinical trials that were open at CHOP during the period between 2000 and
2010, including opening and closing dates, were identified using the COG website. Potential
subjects were evaluated against this information, as well as tumor registry data, to determine
whether an appropriate trial for their tumor type was open at CHOP at the time of diagnosis.
The CHOP Cancer Survivorship Program has developed guidelines for the surveillance of
late effects for each tumor type and treatment approach. The investigative team reviewed
CHOP guidelines to determine the classification of late effects identified through chart
abstraction into affected clinical systems. This classification also was reviewed by members
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of our research team who are clinical experts (C.B. and R.B.) for each tumor type included
in the study.

Chart reviews were conducted from March 2015 to April 2018 to ascertain
sociodemographic and clinical variables to be included in the match and the occurrence

of late effects. Data were censored at the time of chart review. Chart review was conducted
sequentially in those patients with ALL, AML, RMS, and NB to minimize variation in

the dates of data censoring. Mortality was assessed using data from the CHOP tumor
registry and confirmed by chart review. If vital status in the tumor registry was shown as
“alive” at the time of chart review, the status of “alive” was noted as 30 days prior to

chart review. Data extraction forms underwent double review with additional quality checks
to ensure accuracy. Data from approximately 25% of charts for each tumor type were
double entered into Research Electronic Data Capture (REDCap) and checked for quality
assurance. Discrepancies between entries were resolved by the principal investigators (L.P.B.
and M.M.S.). Transition to the use of electronic medical records (EMRs) occurred in 2008
at CHOP. However, clinical data from the tumor registry and medical chart were entered
retrospectively into the EMR for patients undergoing treatment, resulting in a primarily
EMR review for those diagnosed from 2003 onward.

Matching Process

Factors extracted from chart review for the match included race (black or African American,
white, or other), ethnicity (Hispanic or non-Hispanic), age, tumor-specific prognostic risk,
diagnosis of Down syndrome (present or absent for patients with AML or ALL), site of the
tumor (RMS), and diagnostic year. In consultation with our clinical experts (C.B. and R.B.)
and based on both clinical knowledge and the published literature,16 we chose matching
variables that met one of the following criteria: 1) clinical risk factors associated with the
morbidity or mortality outcomes for each tumor type; or 2) demographic factors that may
be associated with enrollment in clinical trials. Risk categories for each tumor type were
abstracted from chart review, as listed in Table 1. We performed optimal subset matching

to minimize the distance between trial patients and those treated off trial with regard to the
matching variables. Matching was done using R statistical software (version 3.2.1) using the
“design match” package (version 0.2.0).17:18 To assess the covariate balance of the match,
we used the Wilcoxon rank sum test for continuous variables and the Fisher exact test for
binary variables.19 We assessed the mean standardized difference after matching in units of
standard deviations (SDs), with a goal of achieving SDs <0.20.2921 A propensity score to
be treated on trial was determined for each tumor type using variables in the match.22 All
matching was performed first without viewing outcomes.

Statistical Analysis

Survival—The primary endpoint was overall survival, defined as the time from diagnosis to
death from any cause. The primary analysis was conducted combining all tumor types with
secondary analyses conducted on the individual tumor types. Our a priori power calculation
determined we would have 80% power to detect a hazard ratio (HR) of 2 with 236 matched
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pairs if the baseline mortality rate was 15%. Survival differences between patients treated

on trial and off trial were tested using the paired Prentice-Wilcoxon test, a nonparametric
test on ranks of survival times.2324 A secondary analysis was conducted excluding the 6

NB matched pairs. Survival differences also were tested at 1 year, 3 years, and 5 years after
diagnosis using a bootstrap to calculate the 95% confidence interval (95% CI) and its P
value. HRs and 95% Cls based on the Cox model were determined for the primary analysis
and for the larger groups by tumor type if the assumptions for proportional hazards were met
(ALL, AML, and RMS). A stability analysis was conducted using the composite outcomes
of mortality or disease recurrence.

Late effects—The primary outcome of the current analysis was a scale representing the
general burden of morbidity and mortality including late effects among these groups. Prior
to coding, investigators prepared a list of late effects associated with each tumor type.

Late effects identified in medical chart review were categorized by clinical system for each
subject. Across all identified late effects, there were 14 systems. Because the severity of

late effects was not systematically available in the medical record, the total number of
clinical systems in which a subject experienced a late effect was determined. Based on the
distribution of this outcome (which ranged from 0-5), we categorized morbidity accounting
for mortality as follows: 0 to 1 organ systems versus =2 organ systems versus death. We then
tested whether the relative odds of being in a worse category (higher score) were greater
among patients treated on trial versus those treated with standard therapy and/or off trial
using the method suggested by McCullagh for paired comparisons of ordinal categorical
data.25 A logistic model for paired comparisons with ordered categorical data, based on the
delta statistic, was used. When the exponentiated delta statistic is >1, it suggests increased
relative odds of a worse outcome (a higher mortality-morbidity composite score) for the
patients treated with standard therapy and/or off trial compared with those treated on trial.

If the delta statistic is <1, it suggests a lower odds of a worse outcome in the patients

treated with standard therapy and/or off trial compared with those treated on trial. A stability
analysis was conducted using the composite outcomes of disease recurrence or death.

RESULTS

A review of the CHOP tumor registry led to the identification of 904 patients with the
following tumor types: ALL (479 patients), AML (125 patients), RMS (95 patients), and NB
(205 patients). Of these, 689 patients were eligible for matching: 462 patients with ALL,

75 patients with AML, 86 patients with RMS, and 66 patients with NB. After the matching
procedure, there were 428 successfully matched subjects resulting in 214 matched pairs: 152
matched ALL pairs, 24 matched AML pairs, 32 matched RMS pairs, and 6 matched NB
pairs (Figs. 1-4). The median follow-up for the patients treated on trial versus those treated
off trial was 9.4 years and 9.2 years, respectively. Of the 428 patients in the current analysis,
there were 78 who developed disease recurrence, 48 of whom died and 30 of whom were
alive at the time of censoring. There were 75 deaths reported in the cohort.
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Survival Analysis

Kaplan-Meier curves demonstrated no difference in survival between those patients treated
on trial versus those treated with standard therapy and/or off trial, with a paired Prentice-
Wilcoxon Pof .0975 (Fig. 5). The survival HR for treatment on trial versus off trial was 0.69
(95% Cl, 0.42-1.133; P=.142). In the primary analysis, the 1-year mortality rate was lower
for the patients treated on trial (3.7%) versus those treated off trial (7.9%) (£ =.018) and for
the ALL subgroup (3.3% for patients treated on trial vs 7.9% for patients treated off trial; P
=.024) but did not persist at 3 years (10.7% for patients treated on trial vs 14.0% for patients
treated off trial; A= .216) or at 5 years (13.1% for patients treated on trial vs 17.8% for
patients treated off trial; 2= .110) after diagnosis. These findings persisted on a sensitivity
analysis that excluded patients with NB (Fig. 5) (see Supporting Figs. 1-3). It is interesting
to note that the HR for the ALL group at 5 years was 0.59 (95% ClI, 0.32-1.1; £=.097).

In the stability analysis when using a composite outcome of disease recurrence or death, the
results were similar to those of the primary analysis, with a HR of 0.74 (95% Cl, 0.49-1.11,;
P=0.146 (see Supporting Fig. 4).

Comparison of Late Effects Between Treatment Groups

Patients experienced late effects subsequent to treatment involving from 0 to 5 organ
systems. Late effects for patients were most common in the following systems: the
musculoskeletal, endocrine, and cognitive systems for patients with ALL; the endocrine and
cardiac systems for patients with AML; the musculoskeletal system for patients with RMS;
and the auditory, cognitive, and endocrine systems for patients with NB (Table 2). There was
no significant difference in the distribution of the composite late effects or death outcomes
noted between those treated on trial compared with those treated off trial, although a trend
was observed toward improved outcomes in the on-trial group (odds ratio, 1.46; 95% Cl,
0.97-2.20 [P=.070]) (Table 3). In the stability analysis when using a composite outcome of
disease recurrence or death, the results were found to be similar (odds ratio, 1.45; 95% ClI,
0.98-2.15 [P=.062]) (see Supporting Table 1).

DISCUSSION

The current study addressed the question of whether participation in a clinical trial,
regardless of study arm assignment, has a benefit for patients in terms of long-term
morbidity or mortality. We identified pediatric and AYA patients with cancer who were

aged birth to 19 years at the time of diagnosis; who had a diagnosis of ALL, AML, RMS, or
NB; who received primary treatment at CHOP; and who were treated at a time during which
there was an open phase 3 clinical trial for their primary diagnosis. We reported that the
1-year overall survival rate was higher for those treated on trial compared with those treated
off trial in the primary analysis and in the ALL subgroup, but this finding did not persist at 3
years or 5 years after diagnosis. We further evaluated the difference in a composite measure
of late effects or death and found no statistically significant difference between those treated
on trial compared with those treated off trial, but did note a trend in favor of the on-trial
group. We found similar results for death or disease recurrence combined with late effects.

Cancer. Author manuscript; available in PMC 2024 April 29.
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The results of the current study build on prior studies regarding the trial effect in several
ways. To our knowledge, the current study is the first to combine tumor types to evaluate

a trial effect. The use of matching methods to control for confounders, including age at
diagnosis, ethnicity, and prognostic risk level, applied a rigorous methodological approach
that supported this type of analysis. Combining tumor types increased the sample size and
generalizability of the study findings for a range of pediatric and AYA patients. Although the
current study did not demonstrate a positive trial effect at 3 years or 5 years, we observed
beneficial trends for both overall survival and a composite of late effects or death in a
direction favoring the patients treated on trial compared with those treated with standard
therapy and/or off trial. Observed trends are hypothesis-generating only; however, these
findings may be considered in light of biases in the design of the current study that favor a
null effect. Subjects in both groups were treated at a tertiary care, National Cancer Institute—
designated comprehensive center of excellence. This may have decreased one proposed
mechanism of a trial effect, namely increased monitoring during the treatment period.
Furthermore, the presence of a trial effect may vary by age; adolescents are less likely

to receive care at a COG institution, at which patients have access to pediatric protocols.
Studies have indicated improved overall survival in AYAs who are treated in pediatric versus
adult trial protocols and centers.26 We were unable to measure an interaction between trial
enrollment and age in the current study because age was used as a matching variable in the
analysis.

The results of the current study build upon previous studies evaluating the trial effect

that have demonstrated inconsistent findings. A 2008 Cochrane review of adult patients
across a range of study designs and clinical conditions (oncology, cardiology, other internal
medicine areas, obstetrics/gynecology, psychology, and pediatrics) failed to find a trial
effect for morbidity or mortality outcomes.® Two recent studies of adults with esophageal
cancer* or who underwent bone marrow transplantation2’ failed to find a trial effect. A
recent study of trials from the SWOG national clinical trials consortium database comparing
outcomes among patients with cancer who are treated in and out of clinical trials found

trial participation to be associated with improved 1-year survival in 9 of 10 poor-prognosis
studies but to have no effect among 11 good-prognosis studies.2® A positive trial effect was
reported in a study of patients with castrate-resistant prostate cancer.13 Earlier studies of
pediatric patients with ALL suggested a positive trial effect but were limited by their failure
to control for confounding factors.6 A more recent retrospective cohort study controlled

for potential confounding factors and failed to find a significant association between

trial enrollment and event-free survival.® Two studies using a national Canadian database
reported mixed results among patients with ALL and AML.11 A subsequent study using

a similar database and analytic plan for patients with AML found no association between
clinical trial enrollment and either event-free survival or overall survival.10 Finally, in a
study from the United Kingdom, patients aged 15 to 24 years who were diagnosed with ALL
and treated on trial demonstrated a 17.9% improved 2-year survival rate and an 8.9% better
1-year survival rate compared with those treated off trial.2°

Three primary mechanisms for a positive trial effect have been proposed: 1) a treatment
effect; 2) a monitoring effect; and 3) a behavioral effect.® Consideration of these
mechanisms offers insights regarding mixed findings in the literature and the current study.

Cancer. Author manuscript; available in PMC 2024 April 29.
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A treatment effect is attributed to the incremental benefit of the experimental treatment arm
of the clinical trial. Studies of the trial effect typically include a range of clinical trials that
vary with regard to the efficacy of new treatments being evaluated. In addition, similar to the
current study, analyses typically do not include randomization assignment, thereby limiting
the ability to detect the percentage of a trial effect attributed to treatment efficacy.

Increased monitoring is the second proposed mechanism for a positive trial effect. Clinical
trials are more likely to be available in tertiary care hospitals, such as in the current study,

in which resources such as multidisciplinary teams may increase the quality and monitoring
of the care provided. In contrast, many patients, particularly AYAs, are treated in community
centers, in which resources and monitoring may be less available.30-32 In addition, this
factor could vary with prognosis and the treatment course of various cancer types. For
example, patients with AML have a worse prognosis and are more likely to have extended
hospital stays for treatment compared with patients with ALL,1911 thereby mitigating the
benefit of increased monitoring in a clinical trial and therefore any positive trial effect
observed.

Finally, increased engagement with the medical care and research teams in a clinical trial
may have a carryover effect in the years of survivorship, leading to healthier behaviors

and improved outcomes.33 Some late effects, including cardiovascular and psychological
outcomes, may be modifiable through engagement and behavior changes. The current study
focused on long-term survivors because the study design ensured at least 5 years of follow-
up for all subjects. Longer follow-up is needed to capture the benefits of clinical trial
participation for lifestyle behaviors that may minimize late effects.

Patients and families have many reasons for participating in clinical trials, including
maintaining hope, receiving direct medical benefits, and helping future patients.34-36
Barriers to trial participation that have been cited include the fear of side effects, prolonged
hospitalizations, and discomfort with experimentation.38 We believe the results of the
current study provide valuable information that can inform clinical trial decision making
for pediatric and AYA patients with cancer and their families as they balance the perceived
risks of participation with benefits when considering enroliment in clinical trials.37:38

The current study has some limitations. First, it consisted of only 214 matched pairs, which
limited our ability to detect statistical significance despite the trends observed. Second, the
current study was a single-institution study and this may have limited the variability in

care received for those treated on trial versus those treated off trial. A single-institution
experience in which standardized assessment, monitoring, and supportive care guidelines
are used could mitigate differences on a population level between those treated on or off
trial. Third, despite matching, there could be unobserved confounders. Fourth, the current
study was performed during an era of transition from paper to electronic health records
and some patients treated in the early 2000s were excluded due to the inability to retrieve

a complete medical record. Finally, we did not have access to information regarding the
timing, severity, or grade of late effects, which necessitated that we create a composite
outcome that scaled outcomes from death versus more organ system involvement versus less
organ system involvement. Although we matched based on year of diagnosis and censored
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all data at the time of chart review, cases may have varied to some degree with regard
to length of follow-up. However, this approach also had some strengths. It allowed us to
formally compare matched pairs on 3 ordered outcome states using the delta statistic,2°
thereby reducing bias compared with an unmatched analysis.3°

The results of the current study indicated that in a single-institution experience, there was no
significant difference in the overall 5-year survival or the occurrence of late effects among
pediatric and AYA patients with cancer who were enrolled in a clinical trial compared with
those treated off trial. However, we observed trends in favor of better clinical outcomes for
the on-trial group compared with the group treated off trial. To the best of our knowledge,
the current study is the first to use matching methods to compare outcomes between those
treated on trial and those treated off trial and across pediatric tumor types. Studies of the
trial effect, including the current study, combine outcomes across many trials, and therefore
do not make a statement regarding the benefit of any specific trial. Nevertheless, these
findings can help patients and their families to weigh the risks and benefits in clinical trial
decision making. Further studies are needed to elucidate and understand the mechanisms of
individual-level and population-level outcomes associated with enrollment in cancer clinical
trials.

Supplementary Material

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

Consolidated Standards Of Reporting Trials (CONSORT) diagram for acute lymphocytic
leukemia (ALL). CHOP indicates Children’s Hospital of Philadelphia.
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FIGURE 2.

Consolidated Standards Of Reporting Trials (CONSORT) diagram for acute myeloid
leukemia (AML). CHOP indicates Children’s Hospital of Philadelphia.
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FIGURE 3.

Consolidated Standards Of Reporting Trials (CONSORT) diagram for rhabdomyosarcoma
(RMS). CHORP indicates Children’s Hospital of Philadelphia.
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FIGURE 4.
Consolidated Standards Of Reporting Trials (CONSORT) diagram for neuroblastoma (NB).

CHORP indicates Children’s Hospital of Philadelphia.
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B —— —— Treated on trial (n=214)
1L R —— Standard Therapy (n=214)
T T T T T T T T T
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FIGURE 5.
Survival analysis of patients with the 4 tumor types who were treated on trial versus standard

therapy (ST) and/or off trial. The tumor types were acute lymphocytic leukemia, acute
myeloid leukemia, rhabdomyosarcoma, or neuroblastoma. The Cox proportional hazard
ratio was 0.69 (95% confidence interval, 0.42-1.13; P=.142).
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TABLE 3.
Differences in a Composite Late Effects and Death Outcomes by Off-Trial and On-Trial Group Matched Pairs

Standard Therapy Off Trial

0to1lSystemsAffected 2to5 SystemsAffected Deaths Total

On Trial ~ 0-1 systems affected 91 28 26 145
2-5 systems affected 19 11 7 37
Deaths 18 4 10 32
Total 128 43 43 214

Late effects and death were categorized as: 1) 0 to 1 organ systems; 2) greater than or equal to 2 organ systems; and 3) death. The relative odds that
the on-therapy group had lower (better) morbidity-mortality scores compared with the standard therapy group was 1.46 (95% confidence interval,
0.97-2.20; P=.070).

Cancer. Author manuscript; available in PMC 2024 April 29.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study Population and Study Site
	File Review
	Matching Process
	Statistical Analysis
	Survival
	Late effects


	RESULTS
	Survival Analysis
	Comparison of Late Effects Between Treatment Groups

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

