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eAppendix. Additional Methods 

 

Overview of generalized pairwise comparisons 

Pairwise comparisons  

We wish to compare a group of patients receiving some new intervention (called 

“experimental”) with a group of patients receiving standard of care (called “control”). 

Instead of comparing group-level statistics such as means, proportions or hazard rates, we 

use generalized pairwise comparisons (GPC), which consists in comparing each patient of 

the experimental group with each patient of the control group by forming all possible pairs 

of patients, taking one from each group (Buyse 2010). This approach is a straightforward 

extension of the Mann-Whitney form of the Wilcoxon test (Buyse and Molenberghs 2025). 

We start by considering the simple case of one outcome (or endpoint). Denote this outcome 

by 𝑋 for patients in the experimental group and by 𝑌 for patients in the control group. A 

pairwise score (𝑢௜௝) is defined as follows for the pairwise comparison of the 𝑖th patient in the 

experimental group with the 𝑗th patient in the control group: 

𝑢௜௝ = ቐ

+1 if 𝑋௜ ≻ 𝑌௝      

−1 if 𝑋௜ ≺ 𝑌௝      

 0 otherwise

 

where the symbols “ ≻ ” and " ≺ " denote “better” and “worse” outcomes, respectively. For 

continuous variables, better and worse outcomes are defined simply as larger or smaller 

values, as the case may be; for instance, for the concentration of circulating tumor DNA, a 

smaller value is preferable to a larger value. For binary variables, one value of the variable 

defines the better outcome; for instance response to treatment or absence of toxicity (Buyse 

et al. 2021). For ordinal variables, smaller values are preferable to larger ones; for instance, 

grades of toxicity measured on the common toxicity criteria 0-5 scale.  For time-to-event 

variables, larger values are preferable to smaller ones, as the case may be; for instance, for 

overall survival time, a larger value is preferable to a smaller one. Thus, the pairwise score 

𝑢௜௝  is computed for each pair. It is set to 1 if the pair favors experimental (“favorable pair” or 
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“win”), to -1 if the pair favors control (“unfavorable pair” or “loss”), and to 0 if the pair favors 

neither experimental nor control (“neutral pair” or “tie”) (Buyse 2010; Pocock et al. 2012).  

In designs that are stratified for important characteristics (e.g., age, gender, stage of disease, 

etc.), the comparisons are performed within each stratum. Thus, the pairwise score (𝑢௞௜௝) for 

the 𝑖th patient in the experimental group and the 𝑗th patient in the control group within the 

𝑘௧௛stratum is defined as follows: 

𝑢௞௜௝ = ቐ

+1 if 𝑋௞௜ ≻ 𝑌௞௝     

−1 if 𝑋௞௜ ≺ 𝑌௞௝     

 0 otherwise

 

Thresholds of clinical similarity 

For ordinal and continuous outcomes, as well as for times to event, a threshold of clinical 

similarity can be specified, with any difference smaller than this threshold ignored in 

pairwise comparisons (Buyse 2010). For example, a difference of less than 3 months in 

overall survival might be considered too small to be of clinical relevance. In this case, the 

definition of the pairwise score is defined as follows for the 𝑖th patient in the experimental 

group and the 𝑗th patient in the control group: 

𝑢௜௝ = ቐ

+1 if 𝑋௜ − 𝑌௝ > τ     

−1 if 𝑋௜ − 𝑌௝ <  − τ

 0 otherwise        

 

where “ τ ” denotes the threshold of clinical similarity.  

Multiple prioritized outcomes 

Generalized pairwise comparisons are particularly useful to compare two treatment groups 

in terms of several prioritized outcomes. The method is stepwise: every pair is classified on 

the outcome of highest priority; however, if the pair is neutral, then it is classified on the next 

prioritized outcome, and this process is repeated until the pair is classified or the pair 

remains neutral for the outcome of lowest priority. Mathematically, assume we have two 

outcomes, and assign subscript “1” to the outcome of higher priority and subscript “2” to the 
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outcome of lower priority. Now denote 𝑿 and 𝒀 the vectors of outcomes in the experimental 

group and in the control group, respectively. The pairwise score is defined as follows for the 

𝑖th patient in the experimental group and the 𝑗th patient in the control group: 

𝑢௜௝ = ቐ

+1 if 𝑋ଵ,௜ ≻ 𝑌ଵ,௝ or (𝑋ଵ,௜ ≍ 𝑌ଵ,௝ and 𝑋ଶ,௜ ≻ 𝑌ଶ,௝) 

−1 if 𝑋ଵ,௜ ≺ 𝑌ଵ,௝ or (𝑋ଵ,௜ ≍ 𝑌ଵ,௝ and 𝑋ଶ,௜ ≺ 𝑌ଶ,௝)

 0 otherwise                                                          

 

where the symbol “ ≍ ” denotes clinical similarity. This pairwise score can be extended to 

any number of prioritized outcomes of any type. The method was first proposed by Moyé et 

al. (1992) to combine mortality with another endpoint. Finkelstein and Schoenfeld (1999) 

suggested its use in AIDS to combine mortality with outcomes such as longitudinal 

measurements of CD4 cell counts. Pocock et al. (2012) proposed GPC (under the name “win 

ratio”) as an alternative to a composite endpoint capturing the time to first event in 

cardiovascular diseases. The method has received a lot of attention because it focuses on the 

time to worst event rather than on the time to first event, which may be more clinically 

relevant. Of note, GPC automatically takes the correlations between the outcomes into 

account, whereas marginal analyses of the outcomes ignore these correlations (Buyse et al. 

2021). 

Multiple non-prioritized outcomes 

In some situations, it may be difficult to prioritize the outcomes of interest. In such cases, 

O’Brien (1984) suggested to use GPC on the sum of all outcomes (possibly weighted). A 

pairwise score is now defined as above for each of the outcomes; specifically, the pairwise 

score for the kth outcome can be defined, for the 𝑖th patient in the experimental group and the 

𝑗th patient in the control group, by: 

𝑣௜௝(𝑘) = ቐ
+1 if the pair is favorable for the 𝑘௧௛ outcome 

−1 if the pair is unfavorable for the 𝑘௧௛ outcome
 0 otherwise.

 

The (weighted) overall pairwise score is defined as 

𝑢௜௝  =
∑ 𝑤(𝑘)௄

௞ୀଵ 𝑣௜௝(𝑘)

∑ 𝑤(𝑘)௄
௞ୀଵ
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where the weight w(k) reflects the relative clinical importance of the kth outcome. To avoid 

subjective choices, all weights are often taken equal, i.e., 𝑤(𝑘) =
ଵ

௄
 for 𝑘 = 1, . . , 𝐾. Note that 

this GPC analysis, in contrast to the GPC analysis of prioritized outcomes, does not account 

for the correlation between the outcomes. 

Measures of treatment effect 

When the GPC method is used, a natural effect measure is the Net Treatment Benefit (NTB). 

The estimated NTB is the mean pairwise score, i.e., the sum of all pairwise scores divided by 

the number of pairs formed between each patient from the experimental group and each 

patient from the control group: 

𝑁𝑇𝐵 = ෍ ෍ 𝑢௜௝

௡಴

௝ୀଵ

௡ಶ

௜ୀଵ

𝑛ா . 𝑛஼൘  

where 𝑛ா  denotes the number of patients in the experimental group and 𝑛஼  the number of 

patients in the control group. Denote 𝐹 the number of favorable pairs (“wins”), 𝑈 the number 

of unfavorable pairs (“losses”), and 𝑁 the total number of pairs,  

𝑁𝑇𝐵 =  
𝐹 − 𝑈

𝑁
 

Pocock et al. (2012) proposed another measure of treatment effect, the win ratio (WR), 

defined as  

𝑊𝑅 =  
𝐹

𝑈
 

Interpretation of NTB  

One advantage of NTB, as compared to the win ratio, is its interpretation in terms of a 

difference between two probabilities:  

 for a single outcome, the NTB represents the net probability that a random patient 

has a better outcome in the experimental group than in the control group (Buyse 

2010). The net probability is the difference between the probability of a better 
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outcome in the experimental group than in the control group minus the probability 

of a better outcome in the control group than in the experimental group. 

 for a single outcome with a threshold of clinical similarity, the NTB represents the net 

probability that a random patient has an outcome better by at least the threshold of 

clinical similarity in the experimental group than in the control group (Péron et al. 

2016).  

 for multiple prioritized outcomes, the NTB represents the net probability that a 

random patient has a better outcome in the experimental group than in the control 

group, either for the outcome of highest priority, or, in case of a tie for the outcome of 

highest priority, for the outcome of next priority, and so on.  

 for multiple non-prioritized outcomes, the NTB represents the net probability that a 

random patient has a better outcome, on average, in the experimental group than in 

the control group.  

NTB ranges from -1 to +1, with a value of 0 indicating no difference between the treatment 

groups. NTB being a difference between two probabilities, its reciprocal is the number 

needed to treat (NNT), a measure of effect familiar in health technology assessment: 

𝑁𝑁𝑇 =  
1

𝑁𝑇𝐵
 

In contrast to NTB, which is a difference between two probabilities (an absolute measure of 

effect), the win ratio is a ratio of probabilities (a relative measure of effect). The win ratio 

does not have a straightforward interpretation, except for a single outcome under 

proportional hazards, in which case Oakes (2016) has shown that the win ratio is the 

reciprocal of the hazard ratio. An important advantage of the hazard ratio is that it is likely 

to be similar across populations having different baseline risks. This property does not hold 

for the win ratio when multiple outcomes are considered, not does it hold for NTB. 

Advantages of NTB as a measure of treatment effect  

Tests of the null hypothesis do not depend on the measure of treatment effect; hence the so-

called Finkelstein-Schoenfeld test (1999) is essentially a Wilcoxon-Mann-Whitney test. 



 

© 2025 Salvaggio S et al. JAMA Network Open. This is an open access article distributed under the 
terms of the CC-BY-NC-ND License, which does not permit alteration or commercial use, including 
those for text and data mining, AI training, and similar technologies. 

When it comes to the measure of treatment effect, NTB has clear advantages over the win 

ratio. From a theoretical viewpoint, NTB has desirable theoretical properties that have been 

studied in detail (Verbeeck et al. 2021). From an applied viewpoint, the win ratio can be 

misleading because it ignores ties (Butler et al. 2024); therefore, the win odds may be 

preferable when a large proportion of pairwise comparisons are neutral (Dong et al. 2021; 

Brunner et al. 2021). More importantly, NTB can be decomposed into additive contributions 

of prioritized outcomes, whilst the win ratio does not lend itself to such a decomposition. 

Mathematically, denoting 𝐹௜ the number of pairs classified as favorable by the 𝑖௧௛outcome, 

and 𝑈௜ the number of pairs classified as unfavorable by the 𝑖௧௛outcome, the overall NTB for 

𝑑 prioritized outcomes can be written as a sum of contributions of all outcomes: 

𝑁𝑇𝐵 =  
𝐹 − 𝑈

𝑁
=  ෍

𝐹௜ − 𝑈௜

𝑁

ௗ

௜ୀଵ
= ෍ 𝑁𝑇𝐵௜

ௗ

௜ୀଵ
 

This decomposition of NTB is crucially important from an interpretational perspective, as it 

quantifies the contribution of each outcome to the overall treatment effect (Buyse and 

Salvaggio 2025). This information mitigates the risk of an impressive NTB being due mostly 

to less important clinical events.  

An example of GPC analysis 

A recently published GPC analysis provides a typical example of the calculation of the NTB 

of a treatment to prevent severe oral stomatitis (SOM), a severe toxicity that affects about 

two out of three patients with locally advanced head and neck tumors treated with 

radiotherapy and cisplatin. A phase 3 clinical trial was conducted in 407 patients to compare 

an experimental treatment (the drug avasopasem manganese) with placebo (Anderson et al. 

2024). Instead of comparing the incidence of SOM (grade 3 or 4 oral mucositis) between the 

two treatment groups, a GPC analysis was conducted with the following prioritized 

outcomes: 

1. Grade 4 oral mucositis 

2. Grade 3 oral mucositis 

3. Duration of oral mucositis (in days, with a threshold of clinical similarity of 7 days) 
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4. Time to onset of oral mucositis (in days, with a threshold of clinical similarity of 7 

days) 

The GPC analysis is shown schematically in Figure 1. Each of the four outcomes contributed 

to NTB, with about half of the NTB (10% out of 19%) due to a reduction in grade 4 SOM, the 

most highly prioritized outcome considered. Note the gain in power obtained with the GPC 

analysis, as shown by the decreasing P-values when more outcomes are included in the 

analysis. Note also the increased clinical relevance when more outcomes are included in 

the analysis. Finally, the analysis of the outcome of highest priority in a GPC analysis is 

independent of the outcomes of lower priority; it is therefore identical to a marginal 

analysis. Hence, the GPC analysis adds to the analysis of the single outcome of highest 

priority, though using NTB as a non-parametric measure of treatment effect. 

Figure 1: Illustration of GPC analysis of four prioritized outcomes 
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eTable 1. Outcomes Investigated Using GPC and Desirable Values for a Positive NTB 

Outcome Desirable values 

EQ-5D score at 30 days 
Better quality of life (i.e., higher 

scores) 

Symptom resolution at 2 weeks Absence of symptoms 

Any hospitalization within 30 days No hospitalization 

Any drainage procedure within 30 days No drainage procedure 

Days of work missed by patient within 30 days Fewer workdays missed by patient 

Days of work missed by caretaker within 30 

days 
Fewer workdays missed by caretaker  

Length of hospital stay Fewer days spent in hospital 

EQ-5D, European Quality of Life–5 Dimensions; GPC, Generalized Pairwise Comparisons; 

NTB, Net Treatment Benefit. 
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eTable 2. Scenarios Considered in the 3 GPC Analyses 

Scenario Prioritization of outcomes 

Scenario 1 

1. EQ-5D score at 30 days 

2. Symptom resolution at 2 weeks 

3. Any overnight hospitalization within 30 days 

4. Any drainage procedure within 30 days 

5. Days of work missed by the patient within 30 days 

6. Days of work missed by the caretaker within 30 days 

7. Length of hospital stay 

Scenario 2 

1. EQ-5D score at 30 days 

2. Symptom resolution at 2 weeks 

3. Any drainage procedure within 30 days 

4. Days of work missed by the caretaker within 30 days 

5. Length of hospital stay 

6. Any overnight hospitalization within 30 days 

7. Days of work missed by the patient within 30 days 

Scenario 3 

1. Any overnight hospitalization within 30 days 

2. Any drainage procedure within 30 days 

3. Symptom resolution at 2 weeks 

4. Length of hospital stay 

5. EQ-5D score at 30 days 

6. Days of work missed by the patient within 30 days 
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7. Days of work missed by the caretaker within 30 days 

EQ-5D, European Quality of Life–5 Dimensions; GPC, Generalized Pairwise Comparisons. 
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eTable 3. Mean Preference Rankings of Outcomes for 443 Patients Who Used the 
AppyOrNot Website 

Characteristic 

 Mean(95% CI) 

(N = 447) 1,2 

Feel better as soon as possible 2.56 (2.5, 2.6) 

Reduce Chance of readmission to the hospital 2.55 (2.5, 2.6) 

Reduce chance of Needing Drain 2.53 (2.5, 2.6) 

Reduce recurrence of appendicitis 2.55 (2.5, 2.6) 

Reduce days of missed work 2.10 (2.0, 2.2) 

Reduce caregiver days of missed work 1.83 (1.8, 1.9) 

Reduce chance of surgery 2.04 (2.0, 2.1) 

 

 


