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Abstract

Purpose Terminated clinical trials are an inefficient use of financial, patient, and administrative resources. We reviewed
ClinicalTrials.gov for completed and terminated clinical trials for glioblastoma multiforme (GBM) and compared reported
characteristics of completed and terminated trials to identify factors associated with early trial termination.

Methods ClinicalTrials.gov was queried to identify all completed and terminated GBM-related clinical trials. Trial charac-
teristics were examined and the reason for trial termination was determined. Univariate analysis by Pearson’s chi-square and
a multivariate logistic regression were performed to identify independent predictors of early trial termination.

Results We identified 886 completed and terminated GBM-related trials between 2003 and 2020. Of these, 175 (19.8%) were
terminated prior to completion. The most common reason for termination was participant accrual difficulties, accounting
for 63 (36.0%) terminated trials. Trial termination was associated with trials that reported a primary purpose of diagnosis
relative to treatment (OR=2.952, p=0.001).

Conclusion Early termination of clinical trials investigating interventions for the treatment of GBM is associated with diag-
nostic trials relative to therapeutic trials. Patient accrual difficulties are the most commonly identified reason for early trial
termination. Predictors of trial termination should be considered when designing GBM-related clinical trials to minimize
the odds of early trial termination.
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Introduction

Glioblastoma multiforme (GBM) is the most common pri-
mary central nervous system tumor [1]. With an incidence of
3.2 per 100,000 population, median survival of 15 months,
and 5.5% 5-year survival rate, it is a morbid and poorly sur-
vived condition [1, 2]. Although GBM prognosis has not
changed dramatically in the past decades, successful clini-
cal trials help augment overall survival and are necessary to
improve outcomes [2, 3].
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Unfortunately, GBM trials commonly suffer from design
inefficiencies during trial design and execution resulting
in trial termination. Poor patient accrual remains the main
reason associated with trial failure with only 8-11% of
newly diagnosed GBM patients enrolling in clinical trials
[4]. Additional reasons for early trial termination can vary
from logistic to scientific issues. While patient accrual issues
remain the most common, changes in sponsor decisions,
determination of interventional futility, or safety issues are
also commonly identified as other causes of early termina-
tion [5]. Terminated studies place an ethical burden on study
subjects that can vary in scope with termination cause [6].
Whereas trials terminated for reasons such as futility and
safety provide information that can be used as guidance for
the diagnosis, treatment and outcomes for GBM patients,
trials terminated for accrual issues and business decisions,
among other reasons, serve little scientific purpose and fruit-
lessly expose patients to the risk of experimental treatment.
In addition, clinical trials involve a substantial financial,
administrative, and physical investment and prematurely
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terminated trials create financial and administrative bur-
dens while failing to fulfill their scientific objectives [5].
Given the importance of improving clinical trial participa-
tion and completion, a 2020 Think Tank held by the Society
for Neuro-Oncology intended to highlight areas for improve-
ment in GBM clinical trials to address several recent clinical
trials that failed to meet primary endpoints and suggested
optimizing eligibility criteria and efficacy assessments prior
to trial completion [3]. This is particularly important in later
phase trial designs, such as Phase III and I'V.

Section 801 of the Food and Drug Administration
Amendments Act of 2007 (FDAAA 801) established the
clinical trial registry, ClinicalTrials.gov, containing data on
the recruitment status and characteristics of clinical trials
[7]. ClinicalTrials.gov defines completed trials as those that
have “ended normally, and participants are no longer being
examined or treated” whereas those that are designated as
terminated “[have] stopped early and will not start again”
[8].

Prior studies have characterized the landscape of GBM-
related clinical trials and assessed reasons for poor accrual
[3, 4, 9-11]. However, to date studies assessing additional
trial design characteristics associated with early trial termi-
nation are limited [3, 4, 9—11]. Here we review completed
and terminated GBM-related clinical trials and assess causes
of early trial termination. We further compare reported
characteristics of completed and terminated GBM-related
clinical trials to determine factors associated with early trial
termination.

Materials and methods
Study sample

ClinicalTrials.gov was queried on March 31, 2022 by filter-
ing by condition or disease “glioblastoma” to identify all
GBM-related clinical trials. The recruitment status was then
filtered to group all studies classified as either complete or
terminated, and interventional studies were selected to iden-
tify clinical trials. Observational studies were excluded. A
total of 886 trials were identified and included in further
analysis, with the earliest interventional trial starting in 2003
and the latest ending in 2020.

Categorization of reasons for termination

Reason for trial termination was derived from recent analy-
ses of cardiovascular trials [12]. The reason for study ter-
mination was grouped into one of the following catego-
ries: (1) participant accrual difficulties, (2) administrative
or financial reasons, (3) futility, or changes in risk/ benefit
profile, (4) sponsor decisions, (5) treatment recall, (6) study
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replacement or changes in standard of care, (7) COVID-
19 pandemic-related or (8) other or unspecified reasons.
Although the Why Study Stopped data element was only
mandated for trials with a study start date on or after January
18,2017, we found that 140 of 158 terminated trials (88.6%)
identified with a start date prior to this date still reported a
reason for termination [13].

Trial characteristics

Trial characteristics were extracted from ClinicalTrials.gov
and categorically grouped to characterize the design of each
trial. Variables analyzed were adapted from recent analyses
of terminated cardiovascular clinical trials [12].

Study design was characterized by the trial phase, alloca-
tion model, employment of blinding, intervention model,
and primary treatment type. Those studies designated as
early phase I or phase I were categorized as phase I. Phase
IT and phase I/II studies were considered phase II studies.
Phase III encompassed phase II/III and phase III studies,
and phase IV studies were only comprised of phase IV
studies. Study allocation was categorized as randomized,
non-randomized, not applicable, or not reported. Blinding
was abstracted dichotomously, with a positive result indicat-
ing those studies in which participants, investigators, care
providers, and/ or outcomes assessors were blinded, and a
negative result indicating no blinding or an open-label trial.
Intervention model was used to characterize group assign-
ment, and categorized as either cross-over, factorial, sin-
gle-group, parallel, or not reported. The primary treatment
type was abstracted and categorized as either behavioral,
biological, drug, device, dietary supplement, drug, genetic,
procedure, radiation, or other. Treatments designated as
“other” included laboratory biomarker analyses and pallia-
tive therapy, amongst others.

Additional variables analyzed were funding sources, gen-
der selectivity, primary study purpose, age eligibility, and
number of study sites. Funding sources for each trial were
categorized based on whether studies received funding from
any combination of industry sources, the National Institutes
of Health (NIH) or United States Federal agencies, or other
sources including: academic institutions, such as universi-
ties and hospitals, individuals, or local organizations. Gen-
der selectivity was characterized dichotomously, as either
gender selective or nonselective. The primary study pur-
pose was categorized as one of either basic science, device
feasibility, diagnostic, health services research, screening,
supportive care, prevention, treatment, or other. Age eligi-
bility followed categories established by ClinicalTrials.gov,
grouped by whether trials recruited any combination of the
following groups: child (birth—17), adult (18—64), or older
adult (65+) [8]. The number of study sites was abstracted
and studies were categorized as either single-or multi-center



Journal of Neuro-Oncology (2022) 158:489-495

491

if the number of study locations was equal to 1 or greater
than 1, respectively.

Data analyses

The distribution of trial characteristics was compared by a
univariate chi-square analysis for preliminary analysis. Sig-
nificance level was set to p<0.05. The results are found in
Table 2.

A multivariate logistic regression was implemented to
determine independent factors associated with trial termi-
nation as a function of several trial characteristics. Any fac-
tor that occurred in less than 1% of the trials was removed,
and any predictor that occurred in more than 99% of trials
was also removed. Furthermore, any predictors where the
results would not be meaningful (e.g., the “other” or “unre-
ported” categories) were also removed. A significance level
of p<0.05 was used, and the Bonferroni correction was
utilized to correct for multiple comparisons, providing an
adjusted significance level of p <0.01. All inferential testing
performed is intended to be exploratory.

All statistical analysis was performed in MATLAB
R2020a (Mathworks Inc., Natick, MA) using custom scripts
and functions. All tables were created in Microsoft Excel
(Microsoft Inc., Redmond, WA) and figures were created
with Adobe Illustrator (Adobe Inc., San Jose, CA). All data
and scripts can be made available upon reasonable request.

Results
Reasons for trial termination

Participant accrual difficulties were cited as the most com-
mon cause of study termination and was identified in 63
of 175 terminated studies (36.0%). Less common causes
of study termination included sponsor decisions in 34 tri-
als (19.4%), followed by futility or changes in risk/ ben-
efit profile because of study findings in 26 trials (14.9%).
Administrative or financial reasons included events such as
the principal investigator changing institution amongst oth-
ers and accounted for 18 (10.3%) terminated trials. Study
replacement or changes in standard of care accounted for 7
(4.0%) terminated studies and included those studies which
were terminated because of external information, such as
results of other trials. Reason for trial termination was either
not provided or ambiguous for 19 (10.9%) studies. Reasons
for trial termination are further detailed in Table 1.

Univariate analysis of clinical trial characteristics

A total of 886 completed or terminated GBM-related clinical
trials were identified between 2003 and 2022, of which 711

Table 1 Reasons for early termination of GBM-related clinical trials

Total terminated trials n=175 %

Reasons for termination
Participant accrual difficulties 63 36.0
Administrative or financial reasons 18 10.3
Futility or changes in risk/ benefit profile 26 14.9
Sponsor decision 34 19.4
Treatment recall 7 4.0
Study replacement or changes in standard of care 7 4.0
COVID-109 related 1 0.6
Other reason or reason not provided 19 10.9

(80.2%) were completed and 175 (19.8%) were terminated.
Trial characteristics are reported in Table 2.

The most common intervention type was drug-related
(n=631; 71.2%). The most common primary study pur-
pose reported was treatment (n=798; 90.1%). Univariate
analysis by Pearson’s chi-square revealed statistically signifi-
cant differences between completed and terminated trials in
randomization (p < 0.0001), intervention model (p=0.001),
blinding (p <0.0001), primary purpose (p=0.033), and
number of study centers (p=0.011).

Multivariate assessment of predictors for trial
termination

Multinomial logistic regression analysis was executed to
analyze the relationship between trial characteristics and
trial termination to determine independent predictors of
trial termination. Most notably, trial termination was associ-
ated with trials that reported a primary purpose of diagnosis
relative to treatment [OR =2.952, 95% CI (1.530, 5.698),
p=0.001]. The results are summarized in Fig. 1.

Discussion

Considering the high mortality and poor prognosis associ-
ated with GBM, clinical trials remain of considerable impor-
tance to advance diagnostics and therapeutics for patients.
Clinical trials involve a substantial financial, administrative,
and physical investment and prematurely terminated trials
create financial and administrative burdens while failing to
fulfill their scientific objectives [5]. We reviewed completed
and terminated clinical trials to identify trial characteristics
that may be associated with early trial terminations.

In this study, documented reasons for trial termination
were analyzed. Early trial termination was encountered
in 19.8% of trials monitored on ClinicalTrials.gov dating
back to 2003. Trials were most commonly terminated for
participant accrual difficulties, constituting 36.0% of all
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Table 2 Trial characteristics

. Completed trials Terminated trials Total p value
of completed and terminated
GBM-related clinical trials n=711 (80.2%) n=175 (19.8%) n=23886 (100%)

Primary treatment
Behavioral 4 (100%) 0 (0%) 4 0.632
Biological 97 (80.8%) 23 (19.2%) 120
Device 16 (66.7%) 8(33.3%) 24
Dietary supplement 7 (70.0%) 3(30.0%) 10
Drug 509 (80.7%) 122 (19.3%) 631
Genetic 1 (50.0%) 1 (50.0%) 2
Procedure 24 (80.0%) 6 (20.0%) 30
Radiation 40 (83.3%) 8 (16.7%) 48
Other 13 (76.5%) 4 (23.5%) 17

Gender
Nonselective 710 (80.3%) 174 (19.7%) 884 0.282
Selective 1 (50.0%) 1 (50.0%) 2

Phase
1 251 (80.4%) 61 (19.6%) 312 0.818
2 375 (80.6%) 90 (19.4%) 465
3 40 (80.0%) 10 (20.0%) 50
4 1 (50.0%) 1 (50.0%) 2
N/A 44 (77.2%) 13 (22.8%) 57

Funding source
Industry only 151 (80.3%) 37 (19.7%) 188 0.266
NIH only 84 (84.0%) 16 (16.0%) 100
Other only 178 (76.1%) 56 (23.9%) 234
Multi 298 (81.9%) 66 (18.1%) 364

Randomization
Randomized 123 (79.4%) 32 (20.6%) 155 <0.0001
Non-randomized 171 (81.8%) 38 (18.2%) 209
Not applicable 311 (75.7%) 100 (24.3%) 411
Not reported 106 (95.5%) 5(4.5%) 111

Intervention model
Crossover 5(83.3%) 1(16.7%) 6 0.0001
Factorial 1 (100%) 0(0.0%) 1
Single-group 416 (77.5%) 121 (22.5%) 537
Sequential 16 (84.2%) 3 (15.8%) 19
Parallel 154 (77.0%) 46 (23.0%) 200
Not reported 119 (96.7%) 4(3.3%) 123

Blinding
Blinded 36 (81.8%) 8 (18.2%) 44 <0.0001
Unblinded 578 (77.8%) 165 (22.2%) 743
N/A 97 (98.0%) 2 (2.0%) 99

terminated trials. Low participant accrual has previously
been acknowledged as a problem in GBM-related trials and
previous reports have suggested that only 8—11% of newly
diagnosed GBM patients are enrolled in clinical trials [3, 4,
9-11]. While analyses of clinical trials in other fields most
commonly cite participant accrual as the primary cause of
trial termination, GBM-related trials are comparatively ter-
minated at a higher rate than seen in analyses of terminated
trials investigating other conditions [4, 5, 12]. A study in
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2013 by Williams et al. analyzing all clinical trials reported
on ClinicalTrials.gov concluded that approximately 12% of
trials resulted in termination, 57% of which were due to par-
ticipant accrual difficulties, 21% due to findings of the trial,
and 10% for unspecified reasons [5].

GBM-related trials remain plagued by lengthy trial devel-
opment times, inefficiencies in compiling and disseminating
trial results, and a lack of easily accessible results, leading to
poor patient understanding of the state of GBM therapies [4,
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Table2 (continued) Completed trials Terminated trials Total p value
n=711 (80.2%) n=175 (19.8%) n=2886 (100%)
Primary purpose
Basic science 6 (66.7%) 3(33.3%) 9 0.033
Device feasibility 1 (100%) 0 (0%) 1
Diagnostic 24 (60.0%) 16 (40.0%) 40
Health services research 3 (100%) 0 (0%) 3
Screening 1 (100%) 0 (0%) 1
Supportive care 14 (73.7%) 5(26.3%) 19
Prevention 0 (0%) 1 (100%) 1
Treatment 651 (81.6%) 147 (18.4%) 798
Other 8 (80.0%) 2 (20.0%) 10
Not reported 3 (75.0%) 1(25.0%) 4
Number of study centers
Single center 337 (76.2%) 105 (23.6%) 442 0.011
Multicenter 343 (84.5%) 63 (15.5%) 406
Not reported 31 (81.6%) 7 (18.4%) 38
Age
Child 2 (66.7%) 1(33.3%) 3 0.748
Child, adult 51 (76.1%) 16 (23.9%) 67
Child, adult 35 (85.4%) 6 (14.6%) 41
Older adult
Adult 1 (100%) 0 (0%) 1
Adult, older adult 615 (80.5%) 149 (19.5%) 764
Older adult 7 (70.0%) 3 (30.0%) 10
Significant values are identified in bold
. OR [95% CI] P value
Primary intervention Biological ——E-C 1.186 [0.489, 2.872] 0.706
Device - & 2.500[0.801, 7.806] 0.114
Dietary Supplement - ® 2.143[0.454, 10.106] 0.335
Procedure -0 1.198 [0.547, 2.626] 0.651
Radiation g 1.250[0.387, 4.041] 0.209
Drug L Ref
Phase 1l < 0.972 [0.460, 2.052] 0.941
Il . 0.960 [0.463, 1.992] 0.913
I ¢ Ref
Funding source NIH o 0.779[0.488, 1.244] 0.296
Other & : 0.605[0.328, 1.118] 0.109
Industry, Other - 0.857 [0.521, 1.409] 0.543
Industry, NIH, Other =@ - 0.397 [0.089, 1.781] 0.228
NIH, Other —=ggm=t 0.601 [0.369, 0.978] 0.040
Industry ® Ref
Interventional model Sequential - ® 1.593 [0.445,5.709] 0.475
Single-group —e 1.551[0.445, 5.413] 0.491
Parallel ® Ref
Primary purpose Basic Science . ° 2.214[0.547, 8.956] 0.265
Diagnostic . Y 2.952[1.530, 5.698] 0.001
Supportive Care — 1.582[0.561, 4.460] 0.386
Treatment ® Ref
I | | L | Il Il | Il |
1 2 3 4 5 6 7 8 9 10
Odds Ratio

Fig. 1 Forest plot demonstrating results of multinomial logistic
regression for terminated GBM-related clinical trials. “Other” fund-
ing sources include academic institutions such as universities, hospi-
tals, individuals, or community-based organizations. Reference values

for primary intervention, phase, funding source, interventional model,
and primary purpose were drug, phase I, industry, parallel assign-
ment, and treatment, respectively. OR odds ratio, CI confidence inter-
val, NIH National Institutes of Health, Ref reference
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14]. Survey studies of brain tumor patients and prior stud-
ies have identified that clinicians fail to adequately educate
brain tumor patients on clinical trials [10, 14]. Additionally,
narrow inclusion criteria have been repeatedly cited as a bar-
rier to meeting recruitment goals in clinical trials, and have
been shown to particularly impair trial access in older adults
[9, 15, 16]. Broadening eligibility criteria when possible and
engaging referring providers such as primary care providers
can help increase accrual [10, 11, 14, 16]. GBM is a disease
primarily of older age, and therefore GBM-related clinical
trials may particularly benefit from taking these principles
into account during study design to minimize accrual dif-
ficulties [1, 11].

Furthermore, low patient enrollment in cancer-related
clinical trials has been shown to disproportionately affect
racial and ethnic minorities, women, and the elderly [15].
Socioeconomic barriers, distrust of the healthcare system,
stringent inclusion criteria, language barriers, and race-
related disparities in the diagnosis of conditions may offer
an explanation for these disparities, as well as for low patient
recruitment overall [15]. Problems with patient recruitment
and accrual are further underscored by “Lasagna’s Law”
which describes investigators’ tendency to overestimate
participant goals for clinical trials [17]. In addition to over-
estimating predicting accrual, a recent study demonstrated
that principal investigators tend to overestimate favorable
trial outcomes [18]. Our results show that combined, accrual
issues and trial outcome related issues (i.e., termination due
to futility or safety) are responsible for 50.9% of termina-
tions in GBM-related trials supporting previous hypotheses
[15,17, 18].

Our findings further support the ethical burdens placed on
patients by failed GBM-related trials. Accrual issues, finan-
cial reasons, and sponsor decisions represent reasons for pre-
mature termination that fail to provide useful insights, and
constitute 65.7% of terminated GBM trials. Patients enrolled
in these trials undergo the risk of experimental treatment and
bear an undue ethical burden when trials are terminated for
reasons that do not provide practical information [6]. These
findings underscore the need for investigators to set achieva-
ble recruitment targets for trials, with appropriately designed
recruitment strategies and inclusion criteria to increase odds
of trial completion.

Multivariate analysis identified independent predictors
of early trial termination. Interestingly, logistic regression
demonstrated increased odds of trial termination for trials
with a primary purpose of diagnosis (OR=2.952). The
greater odds of termination in trials with a primary purpose
of diagnosis relative to those that targeted treatment may
reflect the motivations of patients enrolling in trials. Tri-
als with a primary purpose of diagnosis focus on optimiz-
ing detection of disease [19]. Alternatively, a perception of
personal benefit from treatment and an altruistic hope for
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better treatments were found to be motivators of participa-
tion [20]. As trials with a primary purpose of diagnosis focus
on detection of disease, they may suffer lower patient enthu-
siasm for enrollment compared to treatment-focused trials
due to decreased perceived personal therapeutic benefit and
decreased ability to result in curative treatments. We believe
study sponsors engaging in diagnostic clinical trials should
be wary of the increased odds of termination and particularly
take into account suggestions to minimize patient accrual
issues, as suggested by prior literature [3, 4, 9—11]. Accrual
issues were the most common cause of early termination in
diagnostic studies in our analysis, responsible for 5 of 16
terminated diagnostic studies (31.3%). Based on these data,
we suggest that investigators seeking to conduct diagnostic
clinical trials on GBM take particular care to engage refer-
ring providers and broaden inclusion criteria when possible
to mitigate patient accrual difficulties [3, 4, 9-11, 14].

This study has several limitations. The present study is
intended as a qualitative analysis of trial characteristics and
was not intended to comment on the scientific characteristics
of GBM-related clinical trials. Data were collected at a sin-
gle time point from ClinicalTrials.gov, which although con-
sidered a relatively comprehensive registry, does not contain
all clinical trials. Notably, legal requirements for trial regis-
tration can vary by intervention type and trial phase. There-
fore, these results should be interpreted in the context that
this registry and these data are not comprehensive, and may
even be biased towards including trials of certain interven-
tion types and study designs [7]. Trial information reported
on ClinicalTrials.gov is also further subject to the interpreta-
tion and errors of study sponsors or principal investigators
reporting the information, and therefore may vary between
studies and over time. Trials reported prior to 2007 were
retroactively registered and these data may be less compre-
hensive. In particular, the retroactive nature of registration
of these earlier trials may underestimate the rate of termi-
nated trials in this period as we presume terminated trials
would be less likely to retroactively register than completed
trials. Additionally, the Why Study Stopped data element
was introduced in February 2007, but only mandatory for
those studies with a Study Start Date on or after January 18,
2017. Interestingly, we found that 88.6% of trials prior to this
date still contained these data [13]. While we believe these
data can be generalized to studies moving forward, they do
not incorporate the reasons for trial termination for earlier
clinical trials and those not registered on ClinicalTrials.gov.

Conclusion

Early termination was encountered in 19.8% of GBM-related
clinical trials, most commonly due to participant accrual
difficulties. Trials with a primary purpose of studying GBM
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diagnostics had increased odds of early termination com-
pared with treatment-focused trials. The determined predic-
tors of clinical trial termination should be taken into consid-
eration during design of GBM-related studies when feasible,
to increase odds of trial completion.
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