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Background: In a competitive landscape with many ongoing adjuvant randomised controlled trials (RCTs), the
prevalence of trials that failed to recruit their targeted sample size and were inadequately powered is unclear. The
aims of the study are (i) to determine the percentage of trials with accrual and statistical power failure and (ii) to
evaluate their potential impact on the drug development process.
Materials and methods: A systematic review was carried out to identify adjuvant phase III oncology RCTs reported
between 2013 and 2023 across all solid tumours. No restrictions were applied regarding the type of intervention or
journal of publication. The percentage of trials with accrual failure and power failure was estimated as well as their
association with the efficacy endpoints. Logistic regression models were used to estimate the odds ratio (OR) and
its 95% confidence interval (CI).
Results: A total of 282 RCTs met the inclusion criteria with a median sample size of 661 patients and a median accrual
period of 4.3 years. Most of these studies were superiority trials (83.0%). Accrual failure was observed in 22.0% of the
studies, finishing recruitment without achieving the targeted sample size. Overall, 39.7% of the studies experienced
power failure, having less power than specified in the protocol at the date of the read-out. Among superiority RCTs
evaluating intermediate survival endpoints, only 31.1% presented statistically significant results. Trials with power
failure were less likely to present statistically significant results (37.9% versus 21.9%, P ¼ 0.04). The association was
consistent across all cancer types. In the subset of non-inferiority trials, 35.0% formally demonstrated non-inferiority
of the experimental arm.
Conclusions: Nearly 40% of adjuvant phase III RCTs experienced power failure, and the reduction in power significantly
impacted the final study results. There is a need for procedural refinements in the design and implementation of future
adjuvant RCTs to mitigate these fallacies.
Key words: accrual failure, power failure, oncology, adjuvant, phase III
INTRODUCTION It has been reported that around 8%-40% of trials failed
The success of clinical development in oncology over the
past decade has generated a competitive landscape with
many ongoing randomised controlled trials (RCTs). RCTs are
the current gold standard to evaluate the efficacy of a new
intervention. However, they usually require recruiting a
large number of patients. In this context, the accrual ca-
pacity becomes one of the most relevant barriers for the
completion and success of oncology trials.
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to recruit the targeted sample size.1,2 Sub-optimal accrual
(called accrual failure hereafter) has several implications: (i)
decrease in the statistical power of the study, (ii) negative
effects on the reliability and interpretation of the results,
(iii) waste of economical and human resources and (iv)
delay of the drug development process.3 Previous studies
have recognised slow accrual and logistical challenges as
the most common reasons for trials failing to complete.3

Relaxing eligibility criteria is a straightforward strategy to
facilitate more inclusive trials and to improve recruit-
ment.4,5 However, in some instances, this can negatively
impact the clinical relevance of the study. Other aspects
related to the study design can also play an important role
for the completion of clinical trials.6,7

Additionally, even in studies that successfully recruited
the targeted sample size, some trials with time-to-event
endpoints may observe fewer events than required by
https://doi.org/10.1016/j.esmoop.2024.103603 1
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the protocol, leading to insufficient statistical power for
their primary objective. Using historical data to estimate
the expected event rate could be the leading catalyst for
this challenge. Efficacy outcomes in patients treated with
the same drug tend to experience improvement over the
years due to accumulated expertise in drug administra-
tion. This impacts the timing of the observation of events
during the trial follow-up. Studies with inadequate follow-
up time have a higher risk of not observing the required
number of events, and consequently, to have power fail-
ure. This is particularly important in adjuvant cancer trials,
a curative setting characterized by low event rates, and
trials designed with large sample sizes and extended
follow-up periods.

To date, the prevalence of accrual failure and power
failure in contemporary trials and their impact on the
clinical development process remain undetermined.
Considering this background, here we present a systematic
review of adjuvant phase III oncology RCTs reported over
the previous 10 years (2013-2023). The aims of the study
are (i) to determine the percentage of trials with accrual
and power failure and (ii) to evaluate their impact on the
trial results.
MATERIALS AND METHODS

Study design

A systematic review of the literature was carried out to
identify reported phase III adjuvant RCTs from 2013 to 2023
across all solid tumours. The systematic review was con-
ducted according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 2020
statement.8 The study was registered in the international
prospective register of systematic reviews PROSPERO
(registration no.: CRD42023451364).
Selection criteria

To be included in the systematic review, studies had to
satisfy the following inclusion criteria: (i) phase III RCTs, (ii)
in solid oncology tumours, (iii) conducted in the adjuvant
setting, (iv) reported in English and (v) published between
01 January 2013 and 01 August 2023. To standardise the
search, the study focused on adjuvant trials, given their
curative nature, large sample sizes and extensive follow-up
periods. To encompass a broader range of studies, no re-
strictions were applied regarding the type of intervention
or journal of publication. The PubMed database was used
to identify all potential eligible published studies as of 1
August 2023. Details of the systematic search can be
found in the Supplementary Material, available at https://
doi.org/10.1016/j.esmoop.2024.103603. Examination of
potentially eligible papers was initially carried out by one
author based on their titles and an initial screening of the
full published papers. Additionally, three more authors re-
evaluated the paper to confirm that the study met the
inclusion criteria.
2 https://doi.org/10.1016/j.esmoop.2024.103603
Variables

A standardised spreadsheet was created to extract data
from the included studies. The following variables were
collected for all studies if available: study identifier, name of
the study, journal of publication, experimental arm(s),
control arm(s), cancer type, superiority or non-inferiority,
double-blinded or open-label, research funding (industry,
non-industry or both), one country or international study,
number of patients screened, number of patients included
in the trial, randomisation ratio, number of sites, date
recruitment started, date recruitment finished, accrual
failure (yes/no), power failure (yes/no), primary endpoint,
alpha error, planned statistical power, cross-over (yes/no),
expected hazard ratio (HR) for the primary endpoint, re-
ported HR for the primary endpoint with associated 95%
confidence interval (CI), disease-free survival (DFS) or event-
free survival (EFS) and overall survival HR with associated
95% CI. Regarding the primary endpoint (i) invasive DFS was
considered as DFS and (ii) progression-free survival was
pooled with EFS. In a more general analysis, we combined
recurrence-free survival, DFS and EFS as intermediate (sur-
rogate) survival endpoints.

Assessment strategy

All included studies were randomly allocated to at least one
member of the study team (GV, SD, EM, JH and XL). Two
roundtable discussions were held to standardise the data
collection during the evaluation period. The initial round-
table took place to discuss the first 10 double-reviewed
articles, where each study was independently reviewed by
two authors. The second roundtable took place after 100
studies had been assessed to review, discuss and resolve
potential discrepancies. At the end of the data extraction,
another study member, distinct from the original reviewer,
re-evaluated the co-primary outcomes of accrual and power
failure status (yes/no) in all trials.

Endpoints

The co-primary endpoint for this study was (i) percentage of
trials with accrual failure and (ii) percentage of trials with
power failure. Accrual failure was defined as failing to
achieve at least 90% of the targeted sample size. Trials that
reported an amendment to the protocol to reduce the
sample size by >10% due to low recruitment were also
considered as accrual failures, but trials that amended the
protocol due to new information were not considered as
accrual failures. Trials that stopped early for efficacy or fu-
tility following pre-planned interim analysis, before reaching
the targeted sample size, were not considered as accrual
failures. Power failure was defined as observing <90% of
the targeted number of events. Trials that amended the
protocol to reduce the number of events due to low
recruitment or low event rate were considered as power
failures. Trials that stopped early for efficacy or futility
reasons following pre-planned interim analysis and trials
designed with a time-driven analysis rather than an event-
driven analysis were not considered as power failures.
Volume 9 - Issue 7 - 2024
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Secondary objectives were (i) the association between po-
wer failure and survival outcomes, (ii) factors associated
with the accrual/power failure and (iii) factors associated
with the duration of recruitment, defined as the time from
the date of first patient randomised to the date of last
patient randomised. The accrual rate was calculated as the
ratio of the number of randomised patients to the number
of months that the trial was open for recruitment.
Statistical methods

A descriptive analysis was carried out to summarise trial
characteristics. The overall proportion of trials with accrual
failure and power failure was reported with the corre-
sponding 95% CI calculated using the ClopperePearson
method. Logistic regression models were carried out to
evaluate predictors of (i) accrual failure, (ii) power failure
and (iii) trials with statistically significant results. The odds
ratio (OR) and its 95% CI were reported. To select variables
for the multivariable analysis, we carried out a least abso-
lute shrinkage and selection operator regression with
lambda 1-standard error using the R package glmnet to
build a parsimonious multivariate model. Duration of
recruitment in years was described as median time and first
and third quartile (Q1-Q3). Funnel plots were used to detect
publication bias. No data imputation was carried out and a
Table 1. Characteristics of included trials, overall and by study design (superior

Overall (

Sample size, median (Q1-Q3) 661 (280
Number of sites, median (Q1-Q3) 57 (18-1
Accrual time, years, median (Q1-Q3) 4.3 (2.8-
Cancer type, n (%) Breast 109 (38.7

Colorectal 37 (13.1
Lung 18 (6.4)
Gastric 23 (8.2)
Gynaecological 10 (3.5)
Prostate 9 (3.2)
Skin 17 (6.0)
Urinary 24 (8.5)
Others 35 (12.4

Study design, n (%) Superiority 234 (83.0
Non-inferiority 48 (17.0

Blinding, n (%) Double blind 55 (19.5
Open label or single blind 227 (80.5

Randomisation ratio, n (%) 1 : 1 273 (96.8
Unequal 9 (3.2)

Number of arms, n (%) 2 252 (89.4
>2 30 (10.6

Country, n (%) International 115 (40.8
One country 167 (59.2

Funding, n (%) Industry 81 (28.7
Non-industry 128 (45.4
Both 73 (25.9

Alpha, n (%) 5% (two-sided)a 248 (87.9
�5% (one-sided) 34 (12.1

Power, n (%) �80% 175 (62.1
>80% 88 (31.2
Not reported 19 (6.7)

Primary endpoint, n (%) DFS/RFS/EFS 183 (64.9
OS 33 (11.7
Toxicity 13 (4.6)
Others 54 (19.1

DFS, disease-free survival; EFS, event-free survival; OS, overall survival; Q1, first quartile; Q
aTrials with 2.5% (one-sided) were also included in this category.
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significance level of 0.05 was set for two-sided tests. There
was no adjustment for multiple testing. All analyses were
undertaken using R statistical software (R Foundation for
Statistical Computing, Vienna, Austria) version 4.1.2.

RESULTS

The literature search identified 846 records, out of which
282 RCTs met the inclusion criteria and were included in the
analysis (Supplementary Figure S1, available at https://doi.
org/10.1016/j.esmoop.2024.103603). Table 1 summarises
trial characteristics. Briefly, 83.0% were superiority trials,
19.5% were double-blinded, 89.4% had two study groups,
59.2% were opened only in one country and 3.2% used an
unequal randomisation ratio. The most prevalent cancer
type was breast (38.7%, n ¼ 109) followed by colorectal
(13.1%), urinary (8.5%) and gastric (8.2%) cancers.
Sample size and accrual rate

The median sample size among the included studies was
661 patients (Q1-Q3 280-1299 patients), 653 patients (Q1-
Q3 236-1201 patients) in superiority trials and 741 pa-
tients (Q1-Q3 383-1507 patients) in non-inferiority trials.
The median accrual period was 4.3 years (Q1-Q3 2.8-5.8
years) and the median time from study initiation to the first
publication of the results was 9.5 years (Q1-Q3 6.9-11.9
ity and non-inferiority)

n [ 282) Superiority (n [ 234) Non-inferiority (n [ 48)

-1299) 653 (236-1201) 741 (383-1507)
29) 58 (18-135) 51 (21-109)
5.8) 4.2 (2.7-5.8) 4.7 (3.0-6.0)
) 85 (36.3) 24 (50.0)
) 27 (11.5) 10 (20.8)

18 (7.7) 0 (0.0)
21 (9.0) 2 (4.2)
10 (4.3) 0 (0.0)
7 (3.0) 2 (4.2)

16 (6.8) 1 (2.1)
20 (8.5) 4 (8.3)

) 30 (12.8) 5 (10.4)
) 234 (100) 0 (0)
) 0 (0) 48 (100)
) 52 (22.2) 3 (6.2)
) 182 (77.8) 45 (93.8)
) 226 (96.6) 47 (97.9)

8 (3.4) 1 (2.1)
) 211 (90.2) 41 (85.4)
) 23 (9.8) 7 (14.6)
) 100 (42.7) 15 (31.2)
) 134 (57.3) 33 (68.8)
) 68 (29.1) 13 (27.1)
) 99 (42.3) 29 (60.4)
) 67 (28.6) 6 (12.5)
) 213 (91.1) 35 (72.9)
) 21 (8.9) 13 (27.1)
) 145 (62.0) 30 (62.5)
) 77 (33.0) 11 (22.9)

12 (5.1) 7 (14.6)
) 151 (64.5) 32 (66.7)
) 31 (13.2) 2 (4.2)

10 (4.3) 3 (6.2)
) 43 (18.4) 11 (22.9)

3, third quartile; RFS, relapse-free survival.
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Figure 1. Sample size and the accrual rate of the included RCTs by cancer type.
CRC, colorectal; Gynae, gynaecological; RCTs, randomised controlled trials.

ESMO Open G. Villacampa et al.
years). Breast and skin cancer trials presented numerically
larger sample sizes and faster accrual rates (Figure 1).
Accrual failure

A total of 62 trials (22.0%, 95% CI 17.4% to 27.4%) experi-
enced accrual failure, completing recruitment without
achieving their targeted sample sizes. Supplementary
Table S1, available at https://doi.org/10.1016/j.esmoop.
2024.103603, displays all these studies; the main reason for
accrual failurewas a low rate of accrual (72.6%, 45/62). Other
reasons for accrual failure included safety concerns, and re-
sults fromother studies. On average, trials with accrual failure
included only 49.4% of the initially planned sample size.Trials
4 https://doi.org/10.1016/j.esmoop.2024.103603
with non-industry funding, open-label, designed with fewer
than 1000 patients and trials with survival endpoints as pri-
mary endpoint presented a higher probability of accrual
failure (Supplementary Figure S2, available at https://doi.
org/10.1016/j.esmoop.2024.103603). In particular, the
percentage of accrual failure was 26.4% in open-label, non-
industry-funded trials and decreased to 5.6% in double-
blinded, industry-funded trials.
Statistical power failure

At the date of their primary analysis, 112 trials (39.7%, 95%
CI 34.0% to 45.7%) experienced power failure, observing
fewer events than planned in the protocol. Among
Volume 9 - Issue 7 - 2024
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Figure 2. Univariable logistic regression models to evaluate the association between trial characteristics and statistical power failure, among trials that reached
their targeted sample sizes (n [ 220). P-values in bold represent the comparisons that reached statistical significance.
CI, confidence interval; DFS, disease-free survival; EFS, event-free survival; OS, overall survival; RFS, relapse-free survival.
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superiority trials with intermediate survival endpoints, the
power failure rate was 42.4% (64/151). Supplementary
Table S2, available at https://doi.org/10.1016/j.esmoop.
2024.103603, displays all studies with power failure. On
one hand, 96.8% (60/62) of trials with accrual failure did not
observe the pre-defined number of events. On the other
hand, 23.6% (52/220) of the studies that recruited the ex-
pected sample size experienced power failure. Among 220
trials that reached their targeted sample sizes, trials eval-
uating survival endpoints and industry-funded trials were
more likely to report results early in time without reaching
the pre-specified number of events (28.2% industry-funded
trials versus 15.9% in non-industry-funded trials, P ¼ 0.06)
(Figure 2). The main reason for power failure was a lower-
than-expected event rate (71.2%, 37/52). Multivariable
and subgroup analyses focusing on superiority and non-
inferiority trials, separately, are presented in
Supplementary Figures S3 and S4, available at https://doi.
org/10.1016/j.esmoop.2024.103603.
Efficacy outcomes and impact of power failure

To evaluate the percentage of RCTs that met their efficacy
objective, we analysed the subset of superiority trials with
intermediate survival endpoint (n ¼ 151). Among these
trials, only 31.1% (47/151) presented statistically significant
results. The percentage was 37.9% in trials without power
failure but decreased to 21.9% in trials with power failure
(OR 2.18, 95% CI 1.06-4.65, P ¼ 0.04). The association be-
tween power failure and the lack of statistical significance
was consistent across all cancer types (Figure 3). Overall, we
observed an overestimation of the expected HR compared
to the observed HR, with 74.2% of the studies presenting
worse HRs than expected according to the protocol
(Supplementary Figures S5 and S6, available at https://doi.
Volume 9 - Issue 7 - 2024
org/10.1016/j.esmoop.2024.103603). Funnel plots showed
no evidence of publication bias (Supplementary Figure S7,
available at https://doi.org/10.1016/j.esmoop.2024.1036
03).

In RCTs that did not achieve statistical significance (n ¼
104), the median observed HR was similar in trials with and
without power failure (0.92 and 0.94, respectively) but with
a larger variability in power failure trials (Supplementary
Figure S8, available at https://doi.org/10.1016/j.esmoop.
2024.103603). In 10.0% of studies experiencing power
failure, an HR lower than 0.8 was reported. The observation
of a greater number of events in these studies could
potentially have led to a statistically significant result. There
was no evidence for an association between any study
characteristics and obtaining statistically significant results
(Supplementary Figure S9, available at https://doi.org/10.
1016/j.esmoop.2024.103603).
Non-inferiority trials

A total of 17.0% (48/282) of included trials were designed
to evaluate non-inferiority. Non-inferiority trials were more
commonly funded by non-industry sources (60.4%), opened
in only one country (68.8%) and using intermediate survival
endpoints (66.7%) as the most frequent primary endpoint.
A total of 20 RCTs used the CI of the HR to formally evaluate
non-inferiority in intermediate survival endpoints.9-28 The
pre-specified margin to claim non-inferiority ranged from
1.13 to 3.01 (upper CI of the HR). These trials included a
median sample size of 1098 patients with an accrual failure
rate of 40.0% (8/20). Overall, 35.0% of the RCTs (7/20)
demonstrated non-inferiority of the experimental arm,
while the other studies could not demonstrate non-
inferiority after crossing the pre-specified margin
https://doi.org/10.1016/j.esmoop.2024.103603 5
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(Figure 4). Among trials that crossed the pre-specified
margin, 53.8% (7/13) presented an HR <1.2.

DISCUSSION

Completion of accrual and having well-powered studies are
essential for conducting high-quality oncology RCTs that can
drive clinical decision making. While important throughout
the entire drug development process, this is even more
crucial in confirmatory RCTs where large sample sizes are
Study
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typically required to assess the study objectives. In this
study, we found that 22% of trials stopped recruitment
without achieving the targeted sample size and around 40%
experienced statistical power failure.

Almost 300 confirmatory adjuvant phase III RCTs have
been reported during the past 10 years. Compared with
RCTs in the metastatic setting, adjuvant studies tend to
recruit more patients (661 versus 466), have longer accrual
periods (4.3 versus 1.8 years) and less frequently use
2 3
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unequal randomisation ratios such as 2 : 1 or 3 : 1 (3.2%
versus 29%).29 Among adjuvant trials evaluating superiority,
only 31.1% achieved statistical significance for the primary
endpoint. These results highlight (i) the competitive land-
scape in drug development in the adjuvant setting, (ii) the
need to design better phase I-II studies and (iii) the chal-
lenges in integrating new treatments into the therapeutic
arsenal for early-stage disease.

Trials with power failure were less likely to report sta-
tistically significant results compared with trials that ach-
ieved the pre-defined statistical power (21.9% versus
37.9%). A reduction in statistical power increases the like-
lihood of false-negative decisions, making it less likely to
detect true effects. Moreover, a less appreciated fact in the
medical literature is that when a study finds a statistically
significant result with low statistical power, two concerns
may arise: (i) increased odds of a false-positive result (lower
positive predictive value) and (ii) overestimation of the
treatment effect.30 This phenomenon can be even more
problematic when future studies are designed under the
inflated treatment effect, increasing the risk of obtaining
future negative results.

The results presented in this study can also provide in-
sights in improving the design of future RCTs. One of the
most common reasons for power failure was the observa-
tion of a lower-than-expected event rate when evaluating
survival outcomes. Some RCTs were designed assuming a
similar event rate as those reported in previous studies,
ignoring how treatment outcomes systematically experi-
ence improvement over the years. The incorporation of this
knowledge in trial design could facilitate a more realistic
estimation of the required sample size and the needed
follow-up time. To mitigate the risk of underpowered trials,
additional strategies include conducting regular interim
monitoring of the event rate via an independent data
monitoring committee. Such oversight can facilitate the
early identification of trends, which may inform trial man-
agement, and potentially conserve resources if the trial
appears unlikely to detect the intended effects. Imple-
menting an adaptive design that features blinded sample
size re-estimation is another effective strategy. It allows for
pre-specified interim evaluations of the initial sample size
assumptions, facilitating adjustments to enhance the likeli-
hood of achieving the desired statistical power.31 Addi-
tionally, synergizing efforts to incorporate patient
involvement can help to design more efficient future
oncology trials.32

A subgroup of special interest was the RCTs evaluating
non-inferiority in efficacy outcomes. The classical strategy in
the design of these studies was to pre-define a non-
inferiority margin in terms of the upper CI of the HR. How-
ever, some limitations are associated with this approach: (i)
the need for a large sample size, (ii) the arbitrary selection of
the non-inferiority margin and (iii) the unclear clinical inter-
pretability of the results. The non-inferiority RCTs evaluated
in this study presented a larger sample size (median >1000)
Volume 9 - Issue 7 - 2024
than their superiority counterparts. Interestingly, the pre-
defined non-inferiority margins were considerably hetero-
geneous across studies, and only 35.0% of these studies
could formally demonstrate non-inferiority. Some studies
failed to demonstrate non-inferiority even when the de-
escalation arm presented promising results.12,15,16,21,25

These practical constraints, together with recent studies
like the APT trial (a single-group breast cancer trial testing a
de-escalation strategy that led to regulatory approval)33 can
open the door to design more non-inferiority single-group
trials using a well-defined synthetic control group.34-36

The main limitation of this study is selection bias as we
only focused on published phase III RCTs. Recent publi-
cations have noted a gradual improvement in result
reporting within oncology trials in recent years, with a
higher rate of reported studies in randomised phase III
trials compared to non-randomised or phase I-II studies.37

However, there still is a non-negligible number of un-
published phase III RCTs that were not included in this
study, with the majority of these trials likely experiencing
accrual and power failure. Therefore, the estimates of
accrual and power failure presented in this study are
conservative and would be underestimates if we were to
incorporate the full spectrum of conducted adjuvant
phase III trials. The impact of coronavirus disease 2019
was very small or negligible, considering that most trials
(96.1%) had completed recruitment before 2020.
Strengths of this systematic review include its wider scope
in terms of including all published studies, the estimation
of the accrual and power failure rate in contemporary
trials, the quantification of its impacts in efficacy end-
points and the in-depth analysis of non-inferiority trials.

In conclusion, the results of this study show that at least
22% of the studies did not achieve their targeted sample
sizes, 40% suffered from power failure and only 31% ach-
ieved statistically significant results. The reduction of power
has a significant negative impact on the final study results.
Future phase III RCTs should be designed to minimise the risk
of not achieving the target sample size and to incorporate
close monitoring of recruitment progress and event rates.
This is crucial for reliable detection of clinically meaningful
effects, and for generating robust evidence that will inform
regulatory decisions, public health policy and medical
practice.
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