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Abstract

IMPORTANCE Shared decision-making (SDM) can be made difficult by the multifaceted nature of
outcome assessment. A rigorous method for analyzing results from multiple outcomes is called
generalized pairwise comparisons (GPC), which could assist in SDM.

OBJECTIVE To examine whether GPC can be useful in SDM by using individual-patient data from the
Comparison of Outcomes of Antibiotic Drugs and Appendectomy (CODA) trial.

DESIGN, SETTING, AND PARTICIPANTS This comparative effectiveness study used data from
participants in the multicenter US CODA trial (conducted between May 2016 and March 2020). All
possible pairs of patients (one from each arm) were formed to analyze each of 7 outcomes of interest
sequentially. Data were analyzed between February 2020 and early 2024.

EXPOSURES Three scenarios of priorities related to a different order of outcomes were considered.
The first scenario came from a consensus exercise with patients that favored antibiotics, whereas
the other 2 were arbitrarily chosen to illustrate the range of possible outcomes depending on
prioritizations. Scenario 2 favored neither treatment, and scenario 3 favored appendectomy.

MAIN OUTCOMES AND MEASURES The primary outcome was the net treatment benefit (NTB), a
formal measure of benefit-risk, which is the net probability that a randomly selected patient from the
antibiotic-assigned arm would have a more favorable outcome than a randomly selected patient
from the appendectomy-assigned arm.

RESULTS A total of 1552 patients were included in the CODA trial, with 776 (mean [SD] age, 38.3
[13.4] years; 286 [37%] female) in the antibiotic arm and 776 (mean [SD] age, 37.8 [13.7] years; 290
[37%] female) in the appendectomy arm. The NTB of antibiotic treatment was 12.8% (95% CI, 7.1% to
18.3%; P < .001) for the first scenario, 3.2% (95% CI −2.4% to 8.7%; P = .27) for the second, and
−14.5% (95% CI. −20.2% to −8.8%; P < .001) for the third. These results respectively favored
antibiotics, neither treatment, or appendectomy, thus illustrating that benefit-risk varies
considerably according to individual priorities.

CONCLUSIONS AND RELEVANCE This comparative effectiveness study of antibiotics and
appendectomy illustrates that the GPC method is a flexible yet mathematically rigorous quantitative
analysis of benefit-risk balance. This method provides a more exhaustive and nuanced quantitative
assessment of the differences between 2 treatment modalities in terms of prioritized outcomes.
Furthermore, GPC could support SDM by considering individual prioritizations of the multiple
outcomes.
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Introduction

Once the purview of physicians alone, clinical decision-making has evolved into a shared process in
which a patient’s preferences, circumstances, and priorities are elicited to determine a preferred
treatment or course of action.1 Shared decision-making (SDM) improves patient satisfaction, can help
avoid decisional regret, may improve adherence to treatment, and most importantly, honors the
ethical principle of autonomy in several medical fields, including surgery.1-4 As a best practice, the
SDM process includes a standardized decision aid that provides the needed information about the
treatment options and elicits patient preferences.5,6 A challenge in creating such decision aids is that
treatments often have different effects on multiple outcomes and presenting results related to
multiple benefits and risks can lead to confusion and cognitive overload.7 A variety of methods have
been identified for comparing patient preferences between specified alternatives; such preferences
may relate to an individual’s ranking of outcomes as part of the SDM process, and this can be done in
a rigorous manner with specific quantitative techniques.8 In addition, multicriteria decision analysis
(MCDA) is a set of powerful tools that allow formal assessment of multiple outcomes by individual
and group-level stakeholders.9,10 However, a common feature of existing quantitative benefit-risk
analyses such as MCDA is that multiple outcomes are analyzed separately, and the summary
measures of these marginal analyses are then aggregated.

Generalized pairwise comparisons (GPC) are an emerging class of statistical methods for the
comparison of 2 samples of patients (eg, in randomized clinical trials) in terms of several outcomes,
possibly prioritized.11 The win ratio and the desirability of outcome ranking (DOOR) are 2 popular
instances of such GPC analyses.12,13 In this article, we use GPC exactly as in a win ratio analysis of
prioritized outcomes, but using the net treatment benefit (NTB) instead of the win ratio as a measure
of treatment effect, given some limitations in interpreting the win ratio that make it inappropriate
for benefit-risk analyses.14 Briefly, GPC assumes an order of preference among the multiple potential
outcomes that may result from 2 competing interventions. Note that this order of preference may
be patient dependent, as illustrated later in this article. By doing this, different outcomes can be
jointly analyzed using pairs of patients that are formed by taking each patient from the experimental
group and comparing them with each patient from the control group. The ordered outcomes are
sequentially compared in each pair, from the outcome considered most important to that considered
least important. When outcomes are related to benefits and harms, GPC provides a formal benefit-
risk analysis of a given treatment.15 In each pairwise comparison, a pair is classified as favorable to the
experimental treatment, unfavorable to the experimental treatment, or neutral. The GPC method
has been used in cardiology for several conditions, including amyloid heart disease,16 heart failure,17

and myocardial infarction,18 with the win ratio as the measure of treatment effect.13,19 Here we use
the GPC method to assess the net benefit of competing interventions in terms of the NTB, an
absolute measure of effect that has a more intuitive interpretation to patients and is adequate to
combine treatment effects on multiple outcomes having different baseline risks (ie, the risks
expected in the control group).11,20-23 Unlike MCDA and similar quantitative methods of benefit-risk
analyses, GPC analyses implicitly take the correlation between the outcomes into account, which is
useful to distinguish situations in which patients who develop toxic effects are also those more likely
to derive benefit from a given treatment, arguably a more desirable situation than if patients with
toxic effects would not derive such benefit.15

While SDM has most commonly been used for elective procedures, there is an increasing
interest in its application to other conditions, including those that present acutely, such as
uncomplicated appendicitis.24 Over the past 20 years, multiple randomized clinical trials (RCTs) have
compared antibiotics alone vs appendectomy and found an antibiotic strategy to be safe, effective,
and noninferior for overall health status,25,26 even though doubts remain about the risk of recurrent
appendicitis and hospital readmission within 1 year.27 Since there are many outcomes that are
associated with the treatment of appendicitis, many of which with different perceived impacts on
different individuals,28,29 it was hypothesized that the GPC method applied to these outcomes might
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help future patients identify a treatment strategy based on their personal prioritization of different
outcomes. We applied the GPC method to the individual-patient data from the Comparison of
Outcomes of Antibiotic Drugs and Appendectomy (CODA) trial, a US multicenter RCT comparing
appendectomy vs antibiotics in adults.26 If the GPC method was effective in distinguishing treatment
strategies based on patient prioritization of outcomes, it might have value in complementing existing
SDM-based decision aids for appendicitis.

Methods

Data Source
The current work is based on individual patient data from the CODA trial (NCT02800785), an RCT
that investigated the noninferiority of a 10-day course of antibiotic therapy as an alternative to
surgery for the treatment of uncomplicated appendicitis. The CODA trial met the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline.26 In total, 1552 patients were
stratified by the presence or absence of appendicolith and were randomly assigned in a 1:1 ratio to
receive antibiotics (776 patients) or appendectomy (776 patients) at 25 US centers.26 The primary
end point was 30-day health status, which was assessed by the European Quality of Life–5
Dimensions (EQ-5D) questionnaire.30 Higher scores on this instrument indicate better health status;
a minimal clinically important difference of 0.05 points has been established for posttraumatic stress
disorder and was used in the CODA trial.31 Secondary end points of that trial included the total
numbers of workdays missed by the patient and by the caregiver within 30 days of enrollment, the
duration of hospital stay, symptom resolution (absence of the following: pain in lower right
quadrant, tenderness in lower right quadrant when pressed, fever, shaking, and chills) at 2 weeks,
any additional overnight hospitalization within 30 days, and any drainage procedure within 30 days
(eTable 1 in Supplement 1).26 No additional institutional review board approval or informed consent
were sought given that we reanalyzed already-existing data.

Prioritized Outcomes
We formed all possible pairs of patients, one from each arm of the CODA trial, to analyze sequentially
each outcome of interest, starting with the outcome considered highest priority to the one
considered lowest priority under different scenarios (eTable 2 in Supplement 1). Each pairwise
comparison was evaluated starting from the outcome of highest priority and could result in 3 possible
classifications: favorable or unfavorable to antibiotics when a difference was observed (eg, favorable
to antibiotics if the patient from the antibiotic arm of a pair had a higher EQ-5D score) or neutral
(when it was not possible to determine which patient within the pair had a better outcome). The
latter situation could happen when (1) both patients presented the same values for the outcome of
interest, (2) there was incomplete information for either patient (due to missing data), or (3) the
difference did not reach a predefined threshold of clinical similarity (eg, pairwise comparisons on the
EQ-5D score that were within a 0.05 absolute difference were considered neutral). For pairs that
were classified as neutral for a given outcome, the pairwise comparisons were carried over to the
next prioritized outcome. This sequence was repeated for all pairs until they were either classified as
favorable to the antibiotic arm, unfavorable to the antibiotic arm, or all outcomes had been
considered (Figure 1).

We considered 3 different scenarios among the many that could be envisaged, each related to a
different order of priorities of outcomes (eTable 2 in Supplement 1). Scenario 1, which favors
antibiotics, stems from responses to a survey on preference ranking provided by 443 of 3066
patients who accessed a decision support website.32 The preference ranking of these patients used
ratings on a 3-point scale for 7 outcomes of appendicitis management they consider most relevant to
their well-being: 1 indicated not important; 2, somewhat important; and 3, extremely important
(eTable 3 in Supplement 1). Given our goal of illustrating how the GPC method might help future
patients with different individual priorities from those arising from the survey, we chose scenarios 2
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and 3 as plausible choices of clinically relevant orderings chosen to illustrate that the results could
also be neutral (scenario 2) or favor the alternative treatment, ie, appendectomy (scenario 3).

Statistical Analysis
The method of GPC is an extension to multiple outcomes of the Mann-Whitney form of the nonparamet-
ric Wilcoxon test.11 The results from all pairwise comparisons across all outcomes are aggregated in a
single statistic, the NTB statistic, which is computed as the proportion of all favorable pairs minus the
proportion of all unfavorable pairs. For a more complete description of this method, refer to the eAp-
pendix in Supplement 1. This statistic estimates the NTB, which can be interpreted as the net probability
that a randomly selected patient taken from the antibiotic-assigned arm would have a more favorable
outcome than a patient taken randomly from the appendectomy-assigned arm, given a specific order of
prioritized outcomes. As a net probability (ie, difference between 2 probabilities), NTB ranges from −1
to 1, with 0 indicating no difference between the 2 treatment groups. Univariate GPC analyses were
performed to estimate NTB for each outcome individually, assessing their independent impact on the
treatment effect. For multivariate analyses, multiplicity was tackled with sequential testing, starting
with overall NTB and then proceeding sequentially until a nonsignificant P value (P > .05) was found.
Statistical inference for the NTB was performed using the large-sample distribution of the GPC test sta-
tistic, which is a U statistic.33 All analyses were run using the software package buysetest version 3.0 in
R version 4.2.3 (R Project for Statistical Computing). The presence of an appendicolith, solid or calcified
material inside the appendix seen on imaging, was used as a stratification factor in the CODA trial be-
cause of its association with complications.26

Results

A total of 1552 patients from the CODA trial were included in this analysis. There were 776 (mean [SD]
age, 38.3 [13.4] years; 286 [37%] female) in the antibiotic arm and 776 (mean [SD] age, 37.8 [13.7]
years; 290 [37%] female) in the appendectomy arm.26

Univariate Analyses
Results of the univariate analyses are depicted in the Table. GPC results were consistent with those
from marginal statistical analyses presented in the original publication of the CODA trial.26

Multivariate Analyses
Figure 1 shows a schematic view of the multivariate GPC analysis for scenario 1. The overall NTB for
the primary prioritization scheme, scenario 1, was positive and statistically significant in favor of

Figure 1. Schematic View of the Multivariate Generalized Pairwise Comparison Analysis of Scenario 1

Prioritized outcomes Antibiotics better, % Neutral, % Surgery better, % NTB, %
EQ-5D at 30 d 23.9 59.1 17.0 6.9

Symptom resolution 9.3 41.2 8.6 0.6

Any hospitalization 0.6 37.8 2.8 –2.2

Any drainage procedure 0.3 37.2 0.3 0

Days work missed by patient 5.9 28.1 3.2 2.7

Days work missed by caretaker 1.2 26.3 0.6 0.6

Length of hospital stay 15.3 0 11.1 4.1

NTB for all prioritized outcomes (P <.001) 12.8

Each pair is classified hierarchically through the list of outcomes. The pair is assessed on the first outcome, here the European Quality of Life–5 Dimensions
(EQ-5D) score at 30 days. If the result favors or disfavors the treatment, the pair is classified accordingly. Here, 23.9% of all pairs favored antibiotics, while 17.0%
of the pairs favored surgery. However, if the pair is neutral, the assessment is carried over to the subsequent outcome for further classification, here symptom
resolution. Here 59.1% of all pairs were neutral for EQ-5D at 30 days and were therefore assessed by symptom resolution. The lines in the figure illustrate how
neutral or tied matches are resolved at the next level of the hierarchy.
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antibiotic treatment (12.8%; 95% CI, 7.1%-18.3%; P < .001). Figure 2 shows the information
proportion, which is the weight of each outcome in this analysis (sum of favorable plus unfavorable
proportions for each outcome), while the individual contribution provides the contribution of each
outcome to NTB (difference of favorable minus unfavorable proportions for each outcome). All
outcomes contributed to increasing the NTB in favor of the antibiotic group, except any
hospitalization within 30 days and any drainage procedure within 30 days, although the latter only
classified a negligible proportion of all possible pairs (0.6%). More than half of the overall NTB (6.9%
of 12.8%) was contributed by EQ-5D at 30 days.

Figure 3 shows that the overall NTB for scenario 2 was also positive but not significantly
different from zero in favor of antibiotic treatment (3.2%; 95% CI, −2.4% to 8.7%; P = .27). Here, the
6.9% contribution to the NTB due to EQ-5D at 30 days was counterbalanced by negative
contributions of any hospitalization within 30 days (−4.6%), length of hospital stay (−1.3%), and any
drainage procedure within 30 days (−0.2%).

Finally, the overall NTB was negative and statistically significant in favor of appendectomy in
scenario 3 (−14.6%, 95% CI, −20.2% to −8.8%; P < .001) (Figure 4). The major contributors to this
negative NTB were length of hospital stay (−8.9%) and any hospitalization within 30 days (−8.3%).
Of note, there were no more pairs for the last 3 outcomes in the hierarchy, as the first 4 outcomes
classified all pairwise comparisons as favorable or unfavorable.

Discussion

The CODA trial investigated antibiotic therapy as an alternative to surgery for the treatment of
appendicitis.26 The trial contributes to the body of knowledge suggesting that antibiotics are noninfe-
rior to appendectomy,25,26 despite remaining doubts about specific outcomes.27 However, this type of
conclusion is based on group-level data and typically ignores personal prioritization of outcomes. By
analyzing data from the CODA trial using GPC, we have illustrated how a formal quantitative analysis of
the benefit-risk relationship of antibiotics compared with surgery can provide a more exhaustive and
nuanced picture of the differences between the 2 treatment modalities. This approach also takes indi-
vidual priorities into account. The NTB, an absolute measure of the treatment effect, estimates the net
probability that a patient taken randomly from the antibiotic group would have a better outcome than a
patient taken randomly from the appendectomy group, given a certain order of priorities of outcomes.11

It is worth emphasizing that the NTB is a trial-level treatment effect (although potentially based on the
personal preferences of a specific patient). As such, it cannot be interpreted as the probability for a spe-
cific patient to do better after receiving the treatment condition than the control condition, which
would be a causal individual-level treatment effect.34 GPC allows for an exhaustive benefit-risk analysis
by accounting for dependencies between the outcomes (ie, using conditional probabilities), rather than
analyzing outcomes at the group level (ie, using marginal probabilities).15 Of note, thresholds of clinical
similarity can be used to define a favorable pairwise comparison for a given outcome.

Table. Univariate NTB for Each Outcome Considered

Outcome

Proportion of total pairs

NTB (95% CI) P value
Favor
antibiotics

Favor
surgery Neutral

EQ-5D at 30 d 0.239 0.170 0.591 0.069 (0.026 to 0.112) .002

Symptom resolution at 2 weeks 0.179 0.167 0.654 0.012 (−0.029 to 0.053) .58

Any overnight hospitalization
within 30 d

0.026 0.109 0.865 −0.083 (−0.107 to −0.059) <.001

Any drainage procedure
within 30 d

0.008 0.021 0.972 −0.013 (−0.024 to −0.002) .02

Workdays missed by patient
within 30 d

0.218 0.123 0.660 0.095 (0.066 to 0.125) <.001

Workdays missed by caretaker
within 30 d

0.158 0.101 0.742 0.057 (0.029 to 0.086) <.001

Length of hospital stay 0.584 0.416 0.000 0.168 (0.106 to 0.228) <.001
Abbreviations: EQ-5D, European Quality of Life–5
Dimensions; NTB, net treatment benefit.
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It is expected that patients are differentially impacted by the outcomes included in the analysis
and the estimated NTB, based on their selected prioritization, reflects the overall benefit-risk that
they would face by choosing one treatment over the other. The usefulness of individual prioritization
rests on the assumption that individuals have a good understanding of the outcomes being
considered. Thus, before conducting a ranking exercise with as part of SDM, patient training and
discussions with a physician should take place, especially considering the large number of
possibilities regarding prioritization. In the presence of 7 different outcomes, a total of 5040
permutations of outcomes are possible, each reflecting one order of priorities. For the present GPC

Figure 2. Multivariate Generalized Pairwise Comparison Analysis of Scenario 1
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Information proportion (IP) was calculated as the percentage of pairs favoring antibiotics
plus those favoring surgery; information contribution (IC), percentage of pairs favoring
antibiotics minus those favoring surgery; net treatment benefit (NTB), sum of ICs. The

size of the squares is proportional to the cumulative pairs classified (CPC). EQ-5D
indicates European Quality of Life–5 Dimensions.

Figure 3. Multivariate Generalized Pairwise Comparison Analysis of Scenario 2
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calculated. EQ-5D indicates European Quality of Life–5 Dimensions.

Figure 4. Multivariate Generalized Pairwise Comparison Analysis of Scenario 3
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JAMA Network Open | Surgery Generalized Pairwise Comparisons to Support Shared Decision-Making

JAMA Network Open. 2025;8(3):e252484. doi:10.1001/jamanetworkopen.2025.2484 (Reprinted) March 31, 2025 6/10

Downloaded from jamanetwork.com by Universiteit Hasselt - Campus Diepenbeek user on 05/07/2025



analysis, we first considered the prioritized outcomes that were endorsed as most relevant in a
survey of patients (scenario 1). The corresponding NTB for patients receiving antibiotic therapy,
compared with patients undergoing surgery, was estimated at 12.8%, the difference between the
probability of a better outcome for antibiotics (56.4%) and the probability of a better outcome for
surgery (43.6%) using this order of priorities. As an additional interpretation, the inverse of the NTB
can be translated to the number needed to treat. Here, approximately 8 patients (1 of 12.8% = 7.8
patients; 95% CI, 5.5-14.3 patients) would need to be treated on average for 1 patient to benefit from
the antibiotic treatment.

Two other possible scenarios of outcomes ordering were used as illustrative sensitivity analyses.
In scenario 2, raising drainage procedures and the length of hospital stay in the outcome hierarchy
reduced the NTB to 3.2% and made it nonstatistically significant. Hence, for patients with this
individualized prioritization of the outcomes, there is no overall statistical advantage of choosing one
strategy over the other. Finally, scenario 3 placed hospitalizations within 30 days and drainage
procedures as the outcomes of highest priority. With this prioritization, the NTB favored
appendectomy, with a statistically significant negative NTB of −14.5% (corresponding to a number
needed to treat of approximately 7 patients). Although these are only 3 of many possible scenarios,
they reflect a range of variation that clearly shows that marginal comparisons between 2
interventions answer only part of a much more nuanced question about treatment benefit, one that
can be explored in a rigorous and informative way using GPC.

Limitations
This study has limitations, including that this approach may not be consistent with the more nuanced
way in which people actually make decisions, often in a gestalt-oriented manner that extends beyond
rational definitions of priorities.35 In addition, a prerequisite for the usefulness of GPC as a support
to SDM would be willingness to undergo antibiotics or appendectomy. Such willingness is essential
for SDM (and potential support from GPC) to be relevant.29,36 A second limitation is that we could
not include appendectomy as an outcome, since almost all patients in the appendectomy arm
received surgery by design; nevertheless, salvage appendectomy is an important outcome for a
patient choosing antibiotics, and our analysis could not take that outcome into account. Third, some
of our results are heavily influenced by the EQ-5D; in scenario 1, approximately half of the net benefit
(6.9% of 12.8%) from antibiotics was attributable to an EQ-5D higher by at least 0.05 at 30 days.
The use of EQ-5D as a patient-reported outcome warrants caution, as its relevance may vary by
clinical context. This also highlights a fourth limitation, of a more general nature, which is the fact that
with GPC, the analysis of the first outcome is identical to a univariate analysis of this outcome, while
the contributions of other outcomes are conditional on all previous outcomes being neutral. Similarly,
the hierarchical nature of GPC may lead outcomes with lower probabilities of equivalence to
disproportionately influence the analysis, potentially affecting interpretability of the overall NTB.
Finally, it is worth noting that the application of GPC to indirect comparisons, like matching adjusted
indirect comparisons for cross-trial analyses, generally require population adjustments which were
not required in our reanalysis of the CODA trial.37

Conclusions

In this benefit-risk analysis of antibiotics vs appendectomy, the NTB was used as a tool to
collaboratively engage patients in SDM using statistical summaries tailored to their individual
preferences. There is considerable interest in the development of support tools for SDM in
uncomplicated appendicitis.7,24,38 We surmise that the GPC methodology could contribute to
decision support tools by incorporating a multivariate dimension to such tools. To fully explore the
potential of adding GPC to decision support tools for SDM, work remains to be done toward
communicating probabilities to patients, a key undertaking in medicine in general, and in the setting
of appendicitis in particular.39
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