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Randomized controlled trials (RCTs) are designed to objectively assess the safety and efficacy of a spe-
cific intervention and represent a critical component of evidence-based medicine. Traditionally, frequentist
analysis and threshold P values have been viewed as the arbiters of whether an intervention is effective.1

This approach has been often criticized as being simplistic and insufficient, as the statistical methods
used to analyze a randomized trial can easily modify the P value.2 One approach to better communicate
the limitations of P value thresholds is to report an additional metric that demonstrates how easily signifi-
cance based on a threshold P value may be exceeded. The fragility index (FI) has been proposed as a
mean to complement P value and inform its interpretation.3 For a trial that demonstrates a statistically sig-
nificant result (P , .05), the FI is defined as the number of “nonevents” in the trial treatment group with
the lowest event rate that must be changed to “events” in order for the P value calculated by the Fisher
exact test to equal or exceed 0.05.1 A lower FI will therefore indicate less statistically robust results.
Since its first application in 2014,3 the FI has been applied to several medical fields, including
oncology.4,5

The past decade brought enormous advancements in the understanding of chronic lymphocytic leukemia
(CLL) biology that incited numerous drug development programs.6 Hence, new drug approvals were
obtained that fundamentally changed the management of CLL and improved patient outcomes. The main
objective of our study was to evaluate the robustness of CLL trials published during this dynamic and
prolific period by calculating the FI.

We searched PubMed to identify RCTs for CLL between January 2010 and June 2021. Two reviewers
independently screened all identified abstracts and performed data extraction (V.L. and C. Bagacean).
Discrepancies were resolved with the involvement of a third author (F.C.). We included prospective
phase 2 and 3 RCTs that (1) were 2 parallel arm or had a primary endpoint based on 2 arms, (2) had a
primary endpoint based on response (complete response rate [CRR], overall response rate [ORR], or
survival (progression-free survival [PFS] and event-free survival [EFS]) (Figure 1). Endpoints were defined
according to the International Workshop on Chronic Lymphocytic Leukemia 2008 criteria.7 We excluded
secondary/cost-effectiveness studies, methodology studies, noninferiority trials, RCTs that reported statis-
tically nonsignificant primary outcomes (P $ .05), and RCTs with incomplete information on the number
of events, not permitting the FI calculation.

The FI was calculated from a 2-by-2 contingency table by the iterative addition of an event to the experi-
mental group and concomitant subtraction of a nonevent to the same group, thereby maintaining a total
constant number of events plus nonevents, until positive significance (defined as P , .05) was lost. P
values were calculated with Fisher exact test.3 Other methods used for statistical analysis are briefly
described in the supplemental Methods.

Our search for CLL RCTs for the 2010-2021 period identified 181 results, whereas only 57 results
were identified when using the same search term and filtered for the 2000-2010 period, indicating an
extremely prolific CLL drug development program in the last 10 years. From the 181 results, 58 RCTs
were selected for further analysis in our study.
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The 4 journals with the most CLL RCTs published were Blood
(8 RCTs, 13.79%), New England Journal of Medicine (7 RCTs,
12.07%), Lancet Hematology (6 RCTs, 10.34%), and Lancet
Oncology (6 RCTs, 10.34%). The median impact factor of the jour-
nals at the time of the trial publication was 10.30 (range: 2.38-
74.69). A total of 17057 patients were included, with a median

sample size of 253 patients (range: 44-817). The median age of the
patients was 63 years (median age range: 54-73, age range: 22-94),
and a male predominance was reported in all CLL RCTs, with an over-
all male-to-female ratio of 2.13 (range: 1.26-5.85). The primary end-
point evaluated in most of the trials was PFS/EFS/OS (41 RCTs,
70.69%), followed by CR/CRR (8 RCTs, 13.79%), OR/ORR
(7 RCTs, 12.06%), and safety and infection rate (1 RCT, 1.72%,
each).

From the 41 RCTs with PFS, EFS, and OS as primary endpoints,
19 (46.34%) met our eligibility criteria, and all of them were phase
3 trials. From the 15 RCTs with CR/CRR and OR/ORR as primary
endpoints, only 3 (20%) met our eligibility criteria.

Supplemental Table 1 summarizes the characteristics of the 22
CLL RCTs included. The median FI for included RCTs was
22.50 (range: 1.00-103.00; interquartile range, 6.00-35.25), for
instance, a median of 22 events was required to change the
results of the endpoint analysis from significant to nonsignificant.
The oncology study of Del Paggio and Tannock that used the
same method for FI calculation for the RCTs that led to Food
and Drug Administration approval of cancer drugs between
2014 and 2018 reported a median FI of 2.4 We can also com-
pare our results with the calculated FI for RCTs published in
high-impact general medical journals, as all eligible CLL RCTs
were published in such journals. The median FI calculated for
RCTs published in high-impact general medical journals was 8,
as reported by Walsh et al.3 Therefore, compared with other
RCTs, the FI and robustness of the positive CLL RCTs results
seem satisfactory.
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Figure 1. Flowchart showing the selection process used to retain CLL RCTs eligible for FI calculation. CR, complete response; OR, overall response; OS, overall

survival.

Table 1. Associations between trial characteristics and FI

Continuous characteristics Correlation (RS) RS P

Number of patients included 0.47 .03

Median age of patients included 0.1 .65

Number of events 0.47 .02

Median follow-up 20.41 .08

Journal impact factor 0.56 .006

Hazard ratio 20.60 .009

Categorical characteristics FI (IQR) P

Publication year .81

2010 # publication year , 2015 23.5 (10.5-32.0)

2015 # publication year , 2018 11.0 (6-38.5)

2018 # publication year # 2021 29.0 (20.3-34.8)

Treatment line .14

First line 17.5 (6-34)

Relapsed/refractory 31 (25-51.5)

IQR, interquartile range.
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The evaluation of associations between the FI and trial characteris-
tics revealed differences in the FI on the basis of the number of
patients included (Spearman correlation [RS] 5 0.47, P 5 .03),
number of reported events (RS 5 0.47, P 5 .02), journal impact
factor (RS 5 0.57, P 5 .006), and hazard ratio (RS 5 20.60, P 5
.009) (Table 1). From the 22 eligible trials, only 5 RCTs (22.73%)
were academic. No statistically significant difference was revealed
between the FI of the academic and pharmaceutical industry spon-
sored RCTs.

Our study is limited by the small sample size, which was mainly
reduced by the exclusion of nonsignificant trials and of trials with
missing relevant information. The operating characteristics of the FI
also limit its use in time to event data: in situations where the num-
ber of events is similar between 2 groups, but a difference in timing
exists, the FI might be overly sensitive in concluding fragility.4

Our results lead us to conclude that the majority of positive CLL tri-
als from the last decade are statistically robust compared with
RCTs performed in other medical fields. This evaluation is supported
by the substantial changes with regard to standard-of-care therapy
and the continuous increase of survival in CLL patients during this
time period.8 However, clinicians should remain wary of basing their
decisions exclusively on a P value, as the significant results may
hinge on very few events, as suggested by some of the RCTs
included in our study.
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