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Abstract

OBJECTIVES: Clinical trials are pillars of modern clinical evidence generation. However, the
clinical trial enterprise can be inefficient, and trials often fail before their planned endpoint is
reached. We sought to estimate how often urologic oncology trials fail, why trials fail, and
associations with trial failure.

METHODS: We queried phase 2/3 urologic clinical trial data from ClinicalTrials.gov registered
between 2007-2019, with status marked as active, completed, or terminated. We extracted relevant
trial data, including anticipated and actual accrual, from trial records and ClinicalTrials.gov
archives. We manually coded reasons given in the “why stopped” free text field for trial failure
into categories (poor accrual, interim results, toxicity/adverse events, study agent unavailable,
canceled by the sponsor, inadequate budget, logistics, trial no longer needed, principal investigator
left, no reason given, or other). We considered trials terminated for safety or efficacy to be
completed trials. Trials marked as terminated for other reasons were considered failed trials. We
then estimated the rate of trial failure using competing risks methods. Finally, we assessed
associations with trial failure using a Cox proportional hazards model.

RESULTS: A total of 1,869 urologic oncology trials were included. Of these, 225 (12.0%) failed,
and 51 (2.7%) were terminated for ‘good’ reasons (e.g. toxicity, efficacy). Of the 225 failed trials,
122 (54%) failed due to poor accrual. Failed trials had a lower anticipated accrual than
successfully completed trials (55 vs 63 patients, p <0.001). A total of 6,832 patients were actually
accrued to failed trials. The 10-year estimated risk of trial failure was 17% [95% CI 15-22%)].
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Single center trials, phase 3 trials, drug trials, and trials with exclusively USA sites were more
likely to fail.

CONCLUSION: We estimate that 17%, or roughly 1 in 6, of urologic oncology trials fail, most
frequently for poor accrual. Further investigations are needed into systemic, trial, and site-specific
factors that may impact accrual and successful trial completion.
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1. INTRODUCTION

Clinical trials are integral to evidence generation in order to inform clinical decisions. Even
in the “big data” age, data from well-run trials are necessary to establish reliable
comparative effectiveness data, as observational studies have not yet been shown to be
reliable surrogates for treatment efficacy.[1] However, initiating, executing, and completing
a well-run trial requires significant investments of time, money, and effort on behalf of
multiple stakeholders. As a result, trials are often difficult to complete, and cancer clinical
trials have previously been estimated to terminate for uninformative reasons (e.g., poor
accrual) about 20% of the time.[2,3] Trials that terminate without reaching their prespecified
endpoints are unlikely to answer the question for which they were designed, are considered
failed, and make limited contributions to scientific knowledge despite significant effort.

To improve trials, the scope of these problems must be better understood and addressed. In
general, the literature surrounding early trial termination for urologic oncology is either
outdated or applies to cancer trials more broadly. A recent publication highlighted
associations with successful trial completion in urology, but did not provide oncology-
specific analyses, estimates of trial failure rates, or include newly available data points such
as anticipated accrual for all trials.[4] Moreover, other studies tend to rely on early
ClinicalTrials.gov data rather than contemporary urologic oncology therapeutics.

For these reasons, we examined contemporary urologic oncology trials found on
ClinicalTrials.gov to estimate the rate of trial failure, reasons for failure, and associations
with failure for urologic malignancies. We improve upon existing studies by updating both
the methodology and available data for trial failure analysis. We believe these findings will
be useful in improving clinical trial accrual and conduct, and in future analyses of clinical
trial failure.

2. METHODS

2.1 Clinical trial search and criteria

On April 20, 2020, we queried ClinicalTrials.gov for adult genitourinary trials listed as
phase 2/3. Search terms included “prostate cancer”, “kidney cancer”, “bladder cancer”,
“urothelial cancer”, “testis cancer”, “penile cancer”, and “ureter cancer”. We included
“urothelial cancer” to reflect both upper tract disease and the use of this term in the

metastatic setting. We did not search explicitly for “urethral cancer”, but these studies are
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mostly categorized as “urothelial cancer” in our search strategy. We did not exclude trials
evaluating multiple tumor types. We limited to trials starting in 2007 or later, corresponding
to United States Food and Drug Administration (FDA) and International Committee of
Medical Journal Editors (ICMJE) trial registration requirements.[5] We excluded trials with
start dates after 4/20/2019 to allow for at least one year of enrollment prior to analysis. We
downloaded and extracted trial data in XML format using a Python algorithm (Supplemental
data). Anticipated and actual accrual were extracted from primary records or the
ClinicalTrials.gov site via a validated and published algorithm.[6]

We excluded trials with “not yet recruiting”, “suspended”, “withdrawn”, or “unknown”
status, as these trials have unclear termination status. We also excluded trials without
recorded anticipated accrual or without a recorded date of completion/termination. This
resulted in a total of 1,869 included studies.

2.2 Trial classification and termination outcomes

For terminated trials, three coders (KDS, KS, JR) classified termination reason into the
following eleven categories: poor accrual, interim results, toxicity/adverse events, study
agent unavailable, canceled by the sponsor, inadequate budget, logistics, trial no longer
needed, principal investigator left, no reason given, or other. To better understand
implications for future trial planning and accrual, we categorized termination into “good”
and “bad” reasons. We considered termination for interim results or toxicity/adverse events
to be a “good” reason for early trial closure, as these reasons are informative and should in
theory answer the study question. We also considered trial termination because it was “no
longer needed” as a “good” reason for early trial closure as a futile trial is no longer ethical
and should be ended. We report descriptive statistics for trials terminated for “good” reasons
separately as this is a distinct trial outcome, but for the primary outcome of trial fa/ilure we
considered trials terminated for “good” reasons as “completed” for the purposes of
censoring and competing risks analysis. In contrast, we defined trial failure as trials
terminated early for other reasons as these trials are likely non-informative.

We classified a trial as “multicenter” if it listed more than one address within its clinical site
record. We classified a trial as international only if it did not contain a United States address
in its site list, as international and USA if it included sites within and outside the USA, and
as USA only if only USA sites were included. Trials listed as “Phase 1/2” were considered
Phase 2, and trials listed as Phase 2/3 were considered Phase 3. We extracted all listed
intervention types and allowed a trial to have multiple intervention types.

2.3 Statistical analyses

We compared characteristics of ongoing studies, completed studies, and terminated studies.
Median anticipated accrual was compared across studies using the Kruskal-Wallis test and
categorical variables (cancer type, start year, phase, intervention types, multicenter vs.
single-center, international vs. USA only vs. USA and international, sponsors) were
compared using the chi-squared test. We estimated the total number of patients accrued to
trials by summing the “actual accrual” recorded for each trial.
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To estimate the likelihood of failure, we calculated cumulative incidence using competing
risks via the cmprsk package in R.[7] We considered survival time to be the time from the
recorded trial start date to the recorded trial completion or termination date. We considered
ongoing trials to be censored at the time of data download (4/20/2020), and trial completion
or termination for a “good” reason as competing risks. For the estimate of the likelihood of
premature termination, we considered the best risk estimate to be when the estimate
remained stable (previously described in trial termination studies as the inflection point of
the cumulative incidence curve).[2]

We assessed associations with trial failure via a Cox proportional hazards model, with
cancer type, trial start year, phase, multicenter vs. single-center, intervention type, trial
countries (USA vs. international vs. both), sponsor (industry, NIH, other US federal, or
other), and anticipated accrual as covariates. Notably, we estimated cause-specific hazards in
this model by censoring trials that were completed or terminated for “good” reasons.

Data wrangling was performed in Python and statistical analysis was performed in R.[8]
This study was deemed exempt from our institutional IRB.

3. RESULTS

A total of 1,869 trials were included. As illustrated in Figure 1, 892 (47.7%) were active,
701 (37.5%) were completed, 51 (2.7%) were terminated for “good” reasons, and 225
(12.0%) trials failed. Of the 225 failed trials, 122 (54%) failed due to poor accrual, 19 (8%)
were canceled by the sponsor, and 29 (13%) were canceled for logistical reasons (Figure 2).

Trial characteristics are shown in Table 1. Notably, a higher proportion of failed trials were
in the USA only. Trials terminated for “good” reasons were nearly all drug trials (96%) and
had a higher proportion of multicenter (59%) and industry sponsorship (69%). Failed trials
had a lower anticipated accrual (median 55 patients, p<0.001) than completed trials (63

patients), ongoing trials (90 patients), or trials terminated for a “good” reason (60 patients).

We identified a total of 6,832 patients accrued to failed trials (4 failed trials did not report
actual accrual). A total of 6,554 patients were accrued to trials that prematurely terminated
for “good” reasons, with 2,577 patients in this group coming from a single large trial that
ended for interim results. A total of 95,099 patients enrolled in completed trials (28
completed trials did not report actual accrual).

On competing risks analysis, the 10-year estimated risk of trial failure was 17% (95% ClI
15-22%). The cumulative incidence of trial failure is illustrated in Figure 3. The rate of 17%
was relatively stable from 9 years through 12 years (the maximum observation time in the
present study). On multivariable regression, single-center trials were more likely to fail than
multicenter trials (HR 1.34, 95% CI 1.02-1.77, p=0.04). Phase 3 trials (HR 1.64, 95% CI
1.01-2.66, p=0.04) and drug trials (HR 1.72, 95% CI 1.04-2.82, p=0.03) were more likely to
fail than phase 2 trials and non-drug trials. Compared to trials with USA only sites, trials
were less likely to fail if they had USA and non-USA sites (HR 0.34, 95% CI 0.19-0.59, p <
0.001) or exclusively non-USA sites (HR 0.54, 95% CI1 0.38-0.77, p < 0.001). Increasing
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anticipated accrual goals were associated with lower likelihood of trial failure (HR 0.998 for
each additional patient, 95% CI 0.997-0.999, p=0.002).

4. DISCUSSION

Clinical trials are currently integral to the generation of scientific knowledge. Clinical trials
often fail, however, and prior reports have suggested trial failure rates of around 20%, mostly
due to poor accrual.[2,3] To improve trials, understanding failure rates, reasons, and
associations with failure is important to establish a baseline for failure and preliminarily
identify areas within trial infrastructure for improvement.

We estimate the rate of failure of urologic oncology trials to be 17%, meaning an estimated
1 in 6 urologic oncology trials will fail, mostly due to poor accrual. This is consistent with
prior studies of oncology trials in general, which estimate a 20% failure rate.[2,3] Similar to
prior studies, we identify single-center trials and trials performed exclusively in the United
States as more likely to fail compared to multicenter and/or international trials.

Notably, our trial failure estimate is slightly lower than prior estimates. We used a more
conservative model for trial failure wherein we considered trial completion or termination
for a “good” reason as competing risks as opposed to censored observations. This model
decreases the estimated risk of failure; if modeled as a simple cumulative incidence function,
the estimated risk of failure is closer to prior estimates of 20-25% (Supplemental Data).

We also analyzed anticipated accrual which has not been reliably available in prior studies.
Studies with a larger accrual goal were less likely to fail than smaller studies. It is possible
that studies with larger accrual goals have more resources available, may be of greater
importance to investigators or sponsors, or perhaps have expanded inclusion criteria making
accrual easier. Further studies will more closely investigate this finding.

An underlying assumption in the analysis of failed or “unsuccessful” trials is that they do not
contribute significantly to the scientific knowledge base. The ultimate fate and productivity
of terminated trials should be further explored. It is possible that a trial can miss its accrual
goal and still answer its intended question, particularly for those reaching 80-85% of
anticipated accrual.[9][10] However, if trials consistently underaccrue and still generate
sufficient evidence to change practice, we must change the way we plan and implement
trials to more efficiently utilize resources, minimize harm to patients, and ensure efforts are
not wasted. Furthermore, if we can answer trial questions with fewer patients, then we lose
equipoise at an earlier time than considered in trial planning, and we must refine our
approach to trial design and planning.

It should be noted that the careful design of clinical trials also allows for meaningful
evidence generation prior to the completion of a trial. The STAMPEDE trial in urologic
oncology is a banner example of trial design (an adaptive trial) that has allowed for not only
improvements in accrual, but for providing answers to questions prior to the anticipated
completion date of the trial (2024).[11] While trial productivity (e.g., publications or clinical
impact) is beyond the scope of our present study, it should be noted that even if an adaptive
trial does not reach its ultimate anticipate endpoint, it has already proven valuable by
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providing actionable insights and adding significant scientific knowledge. Modifying trial
design to provide data while the trial is ongoing adds value to the trial, and mitigates many
of the negative issues associated with trial failure.

Our results highlight the need for improving accrual within urologic oncology trials. Our
results suggest that trials with greater resources (multinational, multicenter, larger accrual
goals) fail less frequently than other trials, but simply devoting more resources to existing
trials may not be an efficient means to improving trial conduct. Increasing site funding
alone, as studied in one randomized trial, may not impact accrual.[12] Interventions to
improve trial accrual, such as department-specific protocols to optimize infrastructure,
qualitative interventions, task forces, corrective action plans, and business models for trial
conduct may be applied in other centers to improve accrual.[13][14][15] On a wider scope,
initiatives such as the Accrual to Clinical Trials Network may aid in accessing more patients
across multiple sites to improve accrual in the future.[16] Using new methods of consenting
and accruing patients at sites that are more convenient to patients, as well as engaging
community settings in clinical trials, may aid accrual, as travel burden and access to trials
have been significant accrual barriers. [17][18] Additionally, telehealth may be used to
accrue to, consent for, or even run trials, which has proven feasible previously.[19-21]
However, system-wide or systematic methods to improve accrual have thus far not been
proven reliable.[13] In other words, the implementation of clinical trials needs to be better
understood and effective trial implementation strategies developed to prevent wasted time
and resources, not to mention potential patient harm.

On the other end of accrual planning, accrual prediction and determining trial futility is also
an important measure. An estimated 6,832 patients were enrolled in trials that failed. While
these patients may have had treatment benefit, part of the ethical agreement to enrolling on a
trial is advancing science, and if a trial fails then this benefit is gone. If we are able to predict
that a trial is unlikely to complete, that trial should be terminated as quickly as possible so
that patients interested in clinical trials can be diverted to trials that are more likely to
complete.

There are limitations to our study. Trial registration on ClinicalTrials.gov is mandated by the
FDA and a prerequisite for publication in an ICMJE journal, but reporting of specific
variables is not specifically required and is inconsistent.[5] Our analysis relies on factors
being reported accurately on ClinicalTrials.gov; these measures are subject to reporting bias
leading to unmeasured selection bias in our study. Trials with unknown status (n=176) were
excluded, which may impact our results. Inclusion of the few suspended trials (n=14) is
unlikely to change results, and withdrawn trials (n=86) do not enroll patients so are a distinct
entity from initiated and failed trials. International trials may be less likely to report,
particularly for trials more likely to fail, as they are not necessarily subject to the USFDA.
Trials which accurately report may represent a distinct group with different characteristics
than other trials, perhaps indicating better organization and logistical support with resulting
improved accrual and success rates.

Urol Oncol. Author manuscript; available in PMC 2022 March 01.


http://Clinicaltrials.gov
http://Clinicaltrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stensland et al. Page 7

Despite these limitations, we present a conservative modern estimate that reflects a high rate
of urologic cancer trial failure. We hope to expand on these results to improve clinical trial
accrual and conduct.

5. CONCLUSION

We estimate roughly 1 in 6 urologic oncology trials fail, most frequently for poor accrual.
Further investigations are needed into implementation, trial, and site-specific factors
impacting accrual and successful trial completion.
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Highliggts
An estimated 1 in 6 urologic oncology trials will fail
Most urologic oncology trial failures are due to poor accrual

International and multicenter urologic oncology trials fail less frequently than
USA-only or single center trials

Nearly 7,000 patients enrolled on failed urologic oncology trials
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Figure 1:
Trial Selection
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Figure 2:
Reasons for Trial Termination
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Table 1:
Characteristics of Included Trials
Active 892 Failed 225 Completed 701  “Good” Terminated 51 p
Cancer Type (%) 0.0 02
Bladder 159 (55.6] 40 (14.0] 82 (28.7] 5(1.7)
Kidney 197 (47.2] 54 (12.9] 150 (36.0] 16 (3.8)
Penile 13 (72.2] 2(11.1] 3(16.7] 0(0.0)
Prostate 478 (44.8]  123(115] 439 (41.1] 28 (2.6)
Testicular 13 (37.1] 4(11.4] 17 (48.6] 1(2.9)
Ureter 1(33.3] 1(33.3] 1(33.3] 0(0.0)
Urothelial 31(73.8] 1(2.4] 9 (21.4] 1(2.4)
Start Year (%) <0.001
2007 7(47] 25 (16.8] 112 (75.2] 5(3.4)
2008 12 (9. 4] 24 (18.9] 84 (66.1] 7(5.5)
2009 12 (9.5] 24 (19.0] 84 (66.7] 6 (4.8)
2010 14 (11.8] 28 (23.5] 75 (63.0] 2(1.7)
2011 21 (17.1] 29 (23.6] 64 (52.0] 9(7.3)
2012 33 (23.6] 18 (12.9] 82 (58.6] 7(5.0)
2013 38 (32.5] 19 (16.2] 54 (46.2] 6(5.1)
2014 69 (53.5] 13 (10.1] 45 (34.9] 2(1.6)
2015 71 (51.8] 24 (17.5] 41 (29.9] 1(0.7)
2016 122(739]  12(7.3] 28 (17.0] 3(1.8)
2017 194 (87.8]  5(2.3] 20 (9.0] 2(0.9)
2018 229(942]  3(1.2] 11 (4.5] 0(0.0)
2019 70 (95.9] 1(1.4] 1(1.4] 1(1.4)
Phase
Phase 2 (%) 704 (46.7)  194(12.9) 567 (37.6) 44 (2.9) 0.064
Phase 3 (%) 188 (52.2)  31(8.6) 134 (37.2) 7(1.9)
Treatment (%) <0.001
Drug/Supplement 530 (42.4) 160 (12.8) 522 (41.8) 37 (3.0)
Device/Procedure 64 (48.9) 14 (10.7) 50 (38.2) 3(2.3)
Radiation 136 (74.7)  13(7.1) 31(17.0) 2(1.1)
Genetic/Biologic 134 (54.7)  31(12.7) 71 (29.0) 9(3.7)
Behavioral 11 (33.3) 3(9.) 19 (57.6) 0(0.0)
Trial Countries (%) <0.001
Non USA 203(48.1)  51(8.4) 250 (41.1) 15 (2.5)
USA Only 427 (46.4) 156 (17.0) 310 (33.7) 27 (2.9)
Both 172 (506)  .8(5.3) 141 (41.5) 9 (2.6)
Sponsor
Other 617 (52.7) 149 (12.7)  373(3L9) 31(2.6) <0.001
Industry (%) 441 (445)  123(12.4) 392 (39.6) 35 (3.5) 0.007
NIH (%) 163 (50.2) 43 (13.2) 112 (34.5) 7.2 0.494
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Active 892 Failed 225 Completed 701  “Good” Terminated 51
Other US Government (%) 10 (55.6) 2(11.1) 6(33.3) 0(0.0)
Anticipated A ccrial (median (IQR)) 90 (47-240) 55 (34-108) 63 (40-135) 60 (40-163)
Trial Duration (median months (IQR)) 41 (26-66) 33 (21-51) 50 (33-72) 43 (27-60)

p
0.843

<0.001
<0.001
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Table 2:
Cox Model for Trial Failure
HR Low Cl  High CI P

Year

2007 Reference

2008 1.07 0.61 189 081

2009 1.16 0.66 2.04 0.62

2010 1.38 0.80 238 0.25

2011 1.38 0.80 238 0.24

2012 0.74 0.40 138 0.35

2013 0.92 0.50 168 0.77

2014 0.64 0.33 127 021

2015 1.36 0.77 243 0.29

2016 0.59 0.29 119 0.14

2017 0.25 0.09 0.65 0.01

2018 0.25 0.08 0.86 0.03

2019 071 0.09 537 0.74
Phase

Phase 2 Reference

Phase 3 1.64 1.01 266 0.046
Number of Sites

Multicenter Reference

Single Center 1.34 1.02 177 0.04
Intervention Type

Biologic 1.27 0.79 2.03 0.32

Drug 1.72 1.04 282 0.03

Other 1.26 0.82 195 03

Device 1.33 0.46 386 0.6

Radiation 0.64 0.35 118 0.15

Procedure 0.87 0.53 144 059

Genetic 0.76 0.18 317 071

Supplement 0.63 0.15 2.63 0.53

Behavioral 0.93 0.28 3.05 09
Site Location

USA Only Reference

Non-USA 0.54 0.38 0.77 <0.001
Both USA +
International 0.34 0.19 0.59 <0.001
Sponsor

Other 0.79 0.56 111 0.17

Industry 1.19 0.84 168 0.34

NIH 0.66 0.41 1.04 0.07
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Other US Govt.
Anticipated Accrual
Cancer Type

Bladder

Kidney

Penile

Prostate

Testicular

Ureter

Urothelial

HR
0.54
0.998

Reference
0.75

1.55

0.76

0.55

1.27

0.3

Low CI
0.13
0.997

0.49
0.36
0.53
0.19
0.16
0.04

High CI
2.24
0.999

1.14
6.73

11
1.58
9.84
2.22

0.39
0.002

0.18
0.56
0.15
0.27
0.82
0.24
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