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The fragility of phase 3 trials supporting FDA-approved 
anticancer medicines: a retrospective analysis
Joseph C Del Paggio, Ian F Tannock

Summary
Background The fragility index of trial results—ie, the minimum number of changes from non-events to events 
resulting in loss of statistical significance—can provide a measure of confidence that a positive effect reported in a 
randomised controlled trial is real. We aimed to calculate the fragility index of randomised controlled trials supporting 
US Food and Drug Administration (FDA)-approved anticancer drugs.

Methods This is a retrospective analysis of phase 3, randomised, controlled trials supporting anticancer drugs that 
were approved by the FDA between Jan 1, 2014, and Dec 31, 2018. Two-arm studies with 1:1 randomisation and 
significant positive results for a time-to-event outcome were eligible for the fragility index calculation, which involves 
the iterative addition of an event to the experimental group (defined as the group with the smaller number of events 
in positive trials) and concomitant subtraction of a non-event from that group, until positive significance (defined as 
p<0·05 by Fisher’s exact test) is lost.

Findings We identified 36 phase 3 randomised controlled trials, of which 17 (47%) were included in the fragility index 
analysis. The median fragility index was 2 (IQR 0–27). The fragility index was 2 or less in nine (53%) of 17 trials; for 
these trials, the fragility index was 1% or less of the total sample size. In five (29%) of 17 trials, the number lost to 
follow-up was more than the fragility index.

Interpretation Many phase 3 randomised controlled trials supporting FDA-approved anticancer drugs have a low 
fragility index, challenging confidence for concluding their superiority over control treatments. Although not a measure 
of effect, the fragility index might provide an additional means of assessing the robustness of clinical trial data.

Funding None.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Reliance on p values for establishing significance of 
results in clinical trials is contentious.1 Outcomes meeting 
the arbitrary threshold of a p value less than 0·05 might 
not be clinically relevant, particularly when the difference 
in outcome does not provide substantial clinical benefit 
according to European Society for Medical Oncology or 
American Society of Clinical Oncology value scales.2,3

The statistical fragility of the results of randomised 
controlled trials can be represented by the ease with which 
its threshold p value shifts from significant (p<0·05) to 
non-significant (p≥0·05) when experimental outcomes 
change from non-events to events. Walsh and colleagues4 
defined the fragility index as the minimum number of 
such changes, and the fragility index provides a measure 
of confidence that a positive effect reported in a randomised 
controlled trial comparing an experimental to a control 
treatment is real. The purpose of this study is to assess the 
fragility of phase 3 trials supporting recent US Food and 
Drug Administration (FDA)-approved anticancer drugs.

Methods
Study design
We reviewed FDA approvals for anticancer medicines 
between Jan 1, 2014 and Dec 31, 2018, publicly available 

at the FDA website. Using Google Scholar, we identified 
the phase 3 trials supporting each drug for the indication 
for which it was approved. For the fragility index 
analysis, we included only two-arm studies with 
1:1 randomisation that reported significant positive 
primary outcome results for a time-to-event outcome4 
for the intention-to-treat population; secondary 
endpoints were assessed in cases in which the primary 
endpoint was not significant (ie, p≥0·05 or the upper 
limit of the CI crossed 1). We abstracted information on 
trial design, observed numbers of events for the control 
and experimental groups for primary or secondary time-
to-event outcomes, and the number of patients lost 
to follow-up. Data not available in the primary 
publication or its appendix were augmented by data in 
ClinicalTrials.gov or in Statistical Review and Evaluation 
documents on the FDA website.

The fragility index was calculated from a two by two 
contingency table by the iterative addition of an event to 
the experimental group (defined as the group with the 
smaller number of events in positive trials) and 
concomitant subtraction of a non-event from that same 
group, thereby maintaining a constant total number 
of events plus non-events, until positive significance 
(defined as p<0·05) was lost. p values were calculated 
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with Fisher’s Exact Test.4 An online fragility index 
calculator is available.

Role of the funding source
There was no funding source for this study. Both authors 
had full access to all data used in the study. The 
corresponding author had final responsibility for the 
decision to submit for publication.

Results
Between Jan 1, 2014, and Dec 31, 2018, the FDA approved 
55 anticancer drugs for novel indications, of which 
32 (58%) were for solid tumours. 29 (53%) of the drugs 
were approved on the basis of phase 1 or phase 2 trials. 
Five (9%) of the 55 approvals were based on the endpoint 
of overall survival, 19 (35%) were based on an alternative 
time-to-event endpoint, most often progression-free 
survival, 30 (55%) were based on measures of tumour 
response, and one (2%) was based on pharmacokinetic 
data. Phase 3 trials for the approved settings or 
indications were identified for 36 (65%) of 55 drugs.

17 (47%) of 36 phase 3 randomised controlled trials met 
the inclusion criteria for fragility index analysis (table); 
we could not calculate the fragility index for the 
remaining 19 phase 3 trials because of unequal allocation 
between groups (16 trials) or a statistically negative time-
to-event endpoint (three trials). The median sample size 
for the 17 eligible randomised controlled trials 
was 452 (range 220–2840). The primary endpoint was 
used for fragility index analysis in 16 of the 17 eligible 
trials;5–16,18–21 for the remaining trial,17 the fragility index 
was calculated using the secondary progression-free 
survival endpoint, because the primary overall survival 
endpoint was not significant (table).

The median fragility index for the 17 studies was 
2 (IQR 0–27)—ie, a median of two events was required to 
change the results of the endpoint analysis from 
significant to non-significant (figure). Fragility index was 
2 or less in nine (53%) of 17 trials;5,8–11,15,17,19,20 for these 

trials, the fragility index was 1% or less of the total sample 
size. For the six trials with a fragility index of 0 (ie, Fisher’s 
exact test p>0·05), the χ² test (one trial9) and stratified 
log-rank test (five trials5,10,15,17,19) had been used to 
calculate the reported significant p value. In six (35%) of 
17 trials,9,10,12,16,17,21 the number of patients lost to follow-up 
was two or more (median 1 [IQR 0–2; range 0–68]); the 
number lost to follow-up was more than the respective 
fragility index in five (29%) of the 17 trials.9,10,16,17,19 Of the 
17 drugs tested in the eligible trials included in the 
fragility index analysis, only one drug (daratumumab) 
was supported by more than one positive phase 3 trial in 
that setting and indication (table).13,22

Discussion
In our retrospective analysis, we show that about half of 
the phase 3 trials supporting FDA-approved anticancer 
drugs have a low fragility index and are vulnerable to 
losing significance with a change in designation of very 
few events, often a change in event number less 
than 1% of the respective trial sample size. The change in 
number of events required for fragility is also often 
smaller than the number of patients lost to follow-up, 
raising concerns about a statistical change in the results 
had these patients been assessed to their endpoints.

To our knowledge, no previous studies have estimated 
the fragility index for oncology trials or for trials strictly 
supporting FDA-approved medications. The fragility index 
has been applied to other randomised controlled trials, 
including those assessing spinal surgery,23 critical care,24 
and heart failure,25 and to trials supporting clinical practice 
guidelines.26,27 These studies are consistent in showing that 
many randomised controlled trials are fragile, and several 
investigators have recommended adoption of the fragility 
index in reporting clinical trial outcomes.24,27,28 Trials with 
large fragility indexes are present in our cohort; however, 
most trials were powered to detect differences in 
progression-free survival, which is subject to biases of 
clinical and radiological assessment, as well as informative 

Research in context

Evidence before this study
 We searched Google Scholar with the search terms “fragility 
index” and “oncology” or “FDA” for estimates of trial fragility in 
anticancer trials. Studies in areas of medicine other than 
oncology have shown that a change in a small number of 
events from negative to positive in the experimental group of a 
randomised controlled trial can lead to loss of significance; the 
number of events to provide loss of significance has been 
termed the fragility index. We found no previous estimates of 
trial fragility for randomised trials assessing anticancer drugs.

Added value of this study
We did a review of the FDA website to identify anticancer drugs 
approved in the 5-year interval of 2014–18. We identified 

two-arm phase 3 trials reporting significant positive results that 
supported FDA approval of an anticancer drug. We calculated 
the fragility index for each of these trials. To our knowledge, this 
is the first assessment of fragility index for randomised 
controlled trials in oncology.

Implications of all the available evidence
We found that many phase 3, randomised, controlled trials 
supporting FDA-approved anticancer drugs have a low fragility 
index, often less than 1% of the sample size or less than the 
number of patients lost to follow-up. Our results show that 
approval of many anticancer drugs is based on fragile evidence. 
The fragility index might provide an additional means of 
assessing the robustness of clinical trial data.

For the online fragility index 
calculator see https://clincalc.
com/Stats/FragilityIndex.aspx

https://clincalc.com/Stats/FragilityIndex.aspx
https://clincalc.com/Stats/FragilityIndex.aspx
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censoring, where there is loss of patients to follow-up 
before meeting criteria of progression.29 A low fragility 
index in trials using progression-free survival or similar 
endpoints might be one of several factors leading to poor 
correlation with overall survival.

In principle, the p value is an indication of the 
compatibility between data from a trial and the 
prespecified statistical model: smaller p values imply 
greater statistical incompatibility of the data with the 
null hypothesis—a postulate of no difference between 
outcomes of the experimental and control group.30 The 
p value depends on assumptions. The log-rank test used 
in survival analysis has the advantage that it accounts 
for events over time, but it relies on the assumption that 
the hazard ratio of two treatments is constant over time 
(ie, proportional hazards). Fisher’s exact test (used to 
calculate the fragility index) has the disadvantage that it 
does not account for the time at which events occurred,31 
but it does not require proportional hazards, a condition 
that is not satisfied, for example, when survival curves 
cross. Fragility index calculations of zero (indicting a 
p≥0·05 by Fisher’s exact test) were possible for trials 
reporting significance based on log-rank and other tests: 
these indicate extreme fragility.

The approval by the FDA of anticancer drugs considers 
the totality of evidence relating to their effectiveness in 
the context of the illness for which the drug is intended, 
the risks of the drug and management thereof, the 
uncertainties in extrapolating clinical data to the real 
world, and the applicable laws and regulations. Clinical 
data from phase 2 trials as well as phase 3, randomised, 
controlled trials might be analysed in the approval 
process; however, results of phase 2 trials can be 
misleading, and phase 3, randomised, controlled trials 
are regarded as providing the highest level of evidence 
relating to clinical benefit. For the drugs approved in the 
5-year period under analysis in this study, it was rare that 
approval was supported by more than one phase 3, 
randomised, controlled trial.

This study is limited by its small sample size, necessitated 
by the number of oncological drugs approved by the FDA 
within the study period, as well as the 1:1 randomisation 
required for the fragility index calculation.4 The operating 
characteristics of the fragility index also limit its use in 
time-to-event data: in situations where the number of 
events is similar between two groups, but a difference in 
timing exists, the fragility index might be overly sensitive 
in concluding fragility.4 Finally, since a strong relationship 
exists between the p value and the fragility index,32 caution 
must be taken in concluding the robustness of a clinical 
trial on fragility index alone without a broader context 
(eg, statistical design, effect size, CIs, and minimal 
important differences). As exemplified by the outcome 
data we presented, extreme fragility can be noted in 
situations in which the absolute difference in numbers of 
events between the experimental and control groups is 
quite large—a difference that might be considered 
clinically meaningful. In general, however, larger overall 
sample sizes increase the fragility index,28 which speaks to 
the aforementioned correlation between the fragility index 
and p value.

The finding that many phase 3, randomised, controlled 
trials supporting FDA-approved anticancer drugs have 
a low fragility index challenges the confidence in 
concluding superiority for these drugs over control 
treatments. Many FDA-approved drugs have been shown 
to be of low clinical value,33,34 and measuring the 
robustness of clinical trial data to support their high cost 
is paramount. The fragility index, like the p value, should 
not be interpreted as a measure of effect, but it can shed 
some light on the strength of statistical conclusions.
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