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Abstract 

The reproducibility crisis in biomedical research highlights the need for more reliable 

statistical tools beyond the p-value. Fragility metrics, such as the Fragility Index and 

Fragility Quotient, have been proposed to measure the robustness of clinical trial 

outcomes; however, both suffer from methodological limitations, including sample size 

dependency and imbalance between intervention and control groups. The Intervention 

Fragility Quotient addresses these limitations and is applicable to both equal and unequal 

randomizations. While the Fragility Quotient normalizes the Fragility Index to the total 

sample size, the Intervention Fragility Quotient contextualizes fragility within the 

intervention arm, thereby providing a more clinically meaningful interpretation. Worked 

examples illustrate the differences between these three fragility metrics. We recommend 

replacing the Fragility Quotient, which is distorted by unequal randomization, with the 

Intervention Fragility Quotient, which applies across all randomization ratios. The 

Intervention Fragility Quotient provides a pragmatic and interpretable tool for clinical 
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trialists, regulators, and decision-makers, with potential applications in adaptive designs, 

regulatory submissions, and portfolio risk assessment. 

Keywords: fragility index, fragility quotient, robustness index, intervention fragility 

quotient, reproducibility crisis, clinical trials 

 

Introduction 

The pharmaceutical industry faces escalating challenges in drug development, 

characterized by high failure rates, increasing costs, and concerns about reproducibility (1–

4). The traditional reliance on null hypothesis significance testing (NHST) and p-values 

provides a binary view of statistical inference. However, it does not adequately capture the 

robustness of findings (5). As a result, fragile results often advance through costly late-

stage development, contributing to financial waste and delayed access to effective 

therapies. 

Fragility metrics have been introduced to address this limitation. The Fragility Index (FI) 

quantifies the number of event status changes required to reverse statistical significance 

(6), while the Fragility Quotient (FQ) normalizes this measure by dividing the FI by the 

total sample size (7). Extensions such as the Percent Fragility Index (PFI), Relative Risk 

Index (RRI), and Robustness Index (RI) have further advanced the field of statistical 

fragility (8–11). However, current metrics still face key shortcomings, including 

dependence on total sample size and insufficient attention to group-specific effects. 

Here, the Intervention Fragility Quotient (IFQ) is introduced, which normalizes fragility 

within the intervention arm rather than across the entire study population. This approach 

directly ties fragility to the treatment effect under investigation, thereby improving 

interpretability and clinical relevance. The IFQ can be interpreted as a revised, more 

accurate definition of the Fragility Quotient (FQ). In balanced designs, it approximates FQ, 

but in unbalanced designs, it provides a more valid representation of fragility. 
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Definition of Key Fragility Metrics 

The intervention fragility quotient (IFQ) is related to both the fragility index (FI) and the 

fragility quotient. All three terms will be defined to put them in the proper context. Note 

that these fragility metrics are all applied to standard 2 x 2 contingency tables comparing a 

binary outcome between experimental and control groups. The Fisher exact test is utilized 

to calculate p-values.  

 

Fragility Index (FI) 

The FI is defined as the minimum number of outcome status changes (event ↔ non-event) 

required to reverse the statistical significance of the primary comparison. The FI restricts 

outcome status changes to the group with the smaller number of events. Previous authors 

have defined the “Reverse FI” to be the number of outcome changes to flip a non-significant 

finding to a significant finding. For simplicity, it is recommended to use absolute values 

instead. Thus, the FI is always a non‑negative integer (FI ≥ 0) and reflects the absolute 

count of subjects that must switch outcome classification to flip the trial’s statistical 

significance, defined as crossing a p-value threshold of 0.05. The FI is mathematically 

defined as:  

FI = the smallest number of outcome changes in the group with fewer events needed to flip 

statistical significance. 

 

Fragility Quotient (FQ) 

The FQ normalizes the FI to the total sample size. The FQ is mathematically defined as:  
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𝐹𝑄 =  
𝐹𝐼

𝑁
 

Where N = total sample size. 

 

Intervention Fragility Quotient (IFQ) 

By normalizing FI to the intervention group size instead of the total sample size, the IFQ 

contextualizes fragility specifically within the group with fewer events. Note that the FI 

only affects the group with fewer events, with no changes made to the other arm. Thus, the 

IFQ avoids artificial dilution by a disproportionately large control group (or vice versa) and 

provides a more accurate measure of the intervention’s robustness. The IFQ is 

mathematically defined as: 

𝐼𝐹𝑄 =  
𝐹𝐼

𝑁(𝑔)
 

Where N(g) = sample size of the group to which the outcomes were changed (i.e., the arm 

with fewer events).  

If the intervention had fewer events, then:  𝐼𝐹𝑄 =  
𝐹𝐼

𝑁(𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛)
 

If the control had fewer events, then:  𝐼𝐹𝑄 =  
𝐹𝐼

𝑁(𝑐𝑜𝑛𝑡𝑟𝑜𝑙)
 

Although the FI may be computed in either the intervention or control arm (whichever has 

fewer events), we retain the term “Intervention Fragility Quotient” for continuity, as 

fragility typically arises in the intervention arm in most clinically relevant scenarios. 

The IFQ differs from the FQ, which uses the total sample size in the denominator, and from 

the FI, which provides an absolute count without normalization. The IFQ, therefore, isolates 
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fragility to the group where outcomes were altered and is applicable across both equal and 

unequal randomization ratios. 

 

Illustrative Examples 

 

Example A: Balanced 1:1 randomization (observed data) 

The first example looks at a study with equal randomization (Table 1A).  

Table 1A. Example A (50/50 randomization, observed data). 

Group Event Non-event Total 

Experimental 20 30 50 

Control 30 20 50 

Total 50 50 100 

p = 0.0713 

Calculation steps: 

1. Apply Fisher exact test → p = 0.0713 

2. Identify arm with fewer events 

3. Flip outcomes until significance reversed → p 0.0449 

4. FI = 1, FQ = 0.01, and IFQ = 0.02 (Table 1B). 

Table 1B. Example A (50/50 randomization, after FI applied) 

Group Event Non-event Total 

Experimental 19 31 50 
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Control 30 20 50 

Total 50 50 100 

p = 0.0449 

This indicates that in balanced designs, IFQ provides the same information as FQ and 

equals the FI multiplied by 2, thereby preserving interpretability. 

 

Example B: Unbalanced randomization (80 intervention / 20 control) 

This second example examines the consequences of unequal study allocation (Table 3).  

Table 2A. Example B (80/20 randomization, observed data) 

Group Event Non-event Total 

Experimental 50 30 80 

Control 9 11 20 

Total 58 42 100 

p = 0.2047 

Calculation steps: 

1. Apply Fisher exact test → p = 0.2047 (non-significant) 

2. Identify arm with fewer events 

3. Flip outcomes until significance reversed → p = 0.0418 

4. FI = 2, FQ = 0.02, and IFQ = 0.10, a five-fold difference (Table 2B). 

Table 2B. Example B (80/20 randomization, after FI applied) 

Group Event Non-event Total 

Experimental 50 30 50 
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Control 9 13 50 

Total 59 43 100 

p = 0.0419 

These examples show that for equal randomization, IFQ = FQ * 2 in all cases. However, in 

unequal randomization, the IFQ will be significantly different than the FQ. In such cases, the 

IFQ provides a more accurate picture of the magnitude of changes made to arm with fewer 

events.  

 

Applicability and Advantages of the IFQ 

The advantages of the IFQ become clear when considering both balanced and unbalanced 

trial designs. In a study with equal allocation, the IFQ equals twice the value of the FQ. In 

this situation, the IFQ contains all of the information in the FQ. It preserves interpretability 

and consistency with existing fragility measures. 

The strength of the IFQ emerges most clearly in trials with unequal randomization, such as 

60/40 or 80/20 designs. In these situations, the FQ can obscure fragility by spreading the 

denominator across both study arms. The IFQ avoids this dilution by anchoring 

interpretation to the arm where fragility arises, providing a more clinically relevant picture 

of how easily results could be overturned. 

Importantly, the IFQ is not limited to one type of design. Because it normalizes fragility 

within the group that determines statistical reversal, it remains valid across both equal and 

unequal randomizations. This universality extends to adaptive and pragmatic designs as 

well, making the IFQ a flexible tool for contemporary clinical research. 

By reframing fragility in terms of the group that drives significance reversal, the IFQ 

delivers clearer insights into the stability of treatment effects. This added interpretability 
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can support better decisions in trial design, regulatory review, and even portfolio risk 

assessment. 

 

Discussion 

The IFQ builds upon earlier fragility metrics by offering a measure that is both more 

clinically relevant and more broadly applicable. Unlike the FQ, which can distort fragility in 

the setting of unequal allocation, the IFQ normalizes fragility within the arm that 

determines statistical reversal. In doing so, it focuses attention on the stability of the 

treatment effect itself rather than diluting interpretation across the entire study sample 

(6,7). 

Expressing fragility as a proportion also improves interpretability. The IFQ permits 

meaningful comparison across trials of different sizes and randomization ratios, thereby 

complementing traditional effect size estimates and confidence intervals. This feature is 

particularly important in modern clinical research, where unequal or adaptive 

randomizations are increasingly common (12–14). 

The implications extend beyond methodology. In pharmaceutical development, fragile 

results that appear statistically persuasive can lead to costly late-stage failures. By 

quantifying how robust—or brittle—trial conclusions are, the IFQ provides a framework 

that aligns with decision-making in drug development and regulatory review. It may 

therefore contribute to more accurate go/no-go determinations and improved portfolio-

level risk assessment (3,4). 

Like all fragility measures, the IFQ has limitations. At present it is limited to binary 

outcomes analyzed in 2×2 contingency tables. Its role in adaptive, non-inferiority, and 

equivalence designs remains to be clarified, and future work should extend the concept to 

continuous and time-to-event outcomes. Another promising direction is integration with 
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Bayesian and adaptive statistical frameworks, which are becoming increasingly influential 

in trial design. 

 

Conclusion 

The IFQ advances fragility analysis by situating robustness within the arm where 

significance is most vulnerable, rather than across the entire study population. This 

enhances interpretability, strengthens clinical relevance, and improves decision-making 

utility. Because it expresses fragility as a proportion of the arm in which the FI is applied, 

IFQ allows fair comparison across sample sizes and randomization ratios. 

Crucially, FQ should be retired. Dividing FI by the total sample size adds no value in 

balanced trials and becomes misleading under unequal allocation; IFQ resolves this by 

normalizing to the relevant arm. We recommend reporting FI and IFQ together in clinical 

trial results and discontinuing use of FQ to improve transparency and the appraisal of 

result stability. 
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