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Background: Identifying the optimal treatment in an acute postoperative setting remains

a challenge. Multiple analgesic options are available, but comparing outcomes is limited by

a lack of head-to-head trials. In addition, decisions based on efficacy only do not take drug

safety into account. In such cases, multi-criteria decision analysis (MCDA) can be utilized to

quantify and compare the efficacy and safety data of various drugs.

Methodology: The efficacy-safety profiles of eight parenteral, postoperative analgesics

(acetaminophen, diclofenac, ketorolac, metamizole, morphine, nefopam, parecoxib, trama-

dol) widely used in Europe were evaluated using an MCDA model that included 17 criteria:

three for efficacy and 14 for safety. Each drug was scored on each criterion on a scale from 0

(worst) to 100 (best), according to published data and the judgment of an expert panel.

A weighting process was then applied to standardize the impact of each criterion and adjust

drugs’ preference scores accordingly, normalizing them on the 0–100 scale. Sensitivity

analyses were also performed, including a model in which analgesic profiles were compared

when opioid sparing effect was set at a zero value for all drugs.

Results: In the primary model, efficacy and safety had relative weightings of 64% and 36%,

respectively. Efficacy and safety criteria with the highest values were pain relief (relative weight,

29%) and gastrointestinal effects (12%). Parecoxib received the highest overall score (93),

followed by diclofenac (80), and ketorolac (75). Morphine scored the lowest (57), due to the

lack of an opioid sparing effect. When opioid sparing was given a zero rating, parecoxib remained

the highest scoring analgesic (93), followed by diclofenac (80), metamizole (76), and morphine

(76). Parecoxib remained the most preferred analgesic in several other sensitivity analyses.

Conclusion: This MCDA-based assessment suggests that parecoxib has the most favorable

efficacy-safety profile among the assessed postoperative analgesics.
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Introduction
Various options available for postoperative pain relief have different efficacy and safety

profiles.1 Recently, there has been a movement away from opioids because of their

adverse effects, which can be life-threatening in the case of respiratory depression, and

can also delay recovery and impair rehabilitation, in the case of nausea, vomiting, and

constipation.2–4 In addition, excessive use of perioperative opioids is contributing to the

ongoing “opioid epidemic” in many developed countries.5,6 In particular, unnecessary

and excessive prescribing of opioids on discharge from hospital, often by surgeons,7 may

lead to subsequent long-term opioid use.8
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The most common approach to postoperative pain

relief is multimodal analgesia, ie, combining analgesics

with different mechanisms or sites of action, to improve

pain relief and reduce opioid use and their adverse

effects.9 Reducing adverse effects leads to faster recovery

and earlier discharge.10 Evidence-based treatment guide-

lines for postoperative pain management support the mul-

timodal approach, but identifying the optimal treatment for

each patient remains a challenge.11,12 Procedure-specific

considerations for postoperative pain management compli-

cate the choice of appropriate treatments further.13,14

Comparing efficacy-safety profiles of medicines can be

challenging,15–17 because of a lack of head-to-head trials and

because different clinical studies and meta-analyses use dif-

ferent measures of efficacy, safety, and tolerability.17

Therefore, tools that can help quantify efficacy and safety

of different medicines, and present the results in a format that

is easy for clinicians to understand, can be useful in treatment

optimization. Multi-criteria decision analysis (MCDA) mod-

elling in a facilitated workshop of a group of experts can be

used to quantify and compare evidence-based efficacy and

safety data of individual drugs, and the relevance of these

data to the clinician.18–21

In this study, an MCDA model was used to compare

the efficacy-safety profiles of different parenteral analge-

sics in the acute postoperative setting.

Methods
Study Design
The feasibility of constructing anMCDAmodel to determine

and compare the efficacy-safety profiles of postoperative

analgesics and placebo was discussed in a meeting the

authors attended in October 2017. The MCDA model used

in this analysis was adapted from a previously published

comparison of over-the-counter analgesics.20 In a series of

meetings conducted between December 2017 and July 2018,

it was decided to determine and compare the efficacy-safety

profiles of eight widely used parenteral (non-oral) postopera-

tive analgesics and placebo in treatment of postoperative

pain. The panel consisted of two experienced clinicians

who are academic experts in postoperative pain management

(SS and EP-Z), an expert in MCDA (LDP), two industry-

based experts in postoperative pain medical affairs (MNE

and RP), an industry-based expert in safety and tolerability

(FX), and an industry-based researcher whose task was to

collate efficacy and safety data (AR). The process, including

drug selection, was agreed among all panel members.

The MCDA model was created in Hiview3 software

(Catalyze Ltd, Winchester, Hampshire, UK). The analge-

sics used in this analysis were all widely available within

Europe, selected on the basis of their class, and included

acetaminophen (unspecified), parecoxib (non-steroidal anti-

inflammatory drug [NSAID], cyclooxygenase-2 [COX-2]

inhibitor), metamizole, nefopam (serotonin-norepinephrine

-dopamine reuptake inhibitor), ketorolac and diclofenac

(NSAIDs), tramadol (atypical opioid), and morphine

(opioid). Each analgesic was considered at doses that are

indicated for postoperative pain management, except mor-

phine. Since the range of morphine doses varies consider-

ably in clinical practice, the dose of 4 mg was identified by

the panel of experts as the most appropriate for comparisons

within the model.

Efficacy and safety data from the first 24 hours post-

surgery were included from published randomized, dou-

ble-blind studies, systematic reviews, or meta-analyses

that evaluated any of the included analgesics and placebo.

Where peer-reviewed, published sources were not avail-

able, data were taken from regulatory documents, includ-

ing European Public Assessment Reports and Summary of

Product Characteristics approved by European regulatory

authorities.

Criteria for Determining Efficacy-Safety

Profiles
The panel members identified and approved three efficacy

criteria and 14 safety criteria to determine the efficacy-

safety profile of each analgesic and placebo (Figure 1 and

Supplementary Table 1).

The three efficacy criteria were pain relief, defined as the

proportion of patients reporting at least 50% reduction in pain

intensity within 4 hours; duration of action, defined as the

median time to rescue medication; and opioid-sparing effect,

defined as the mean reduction (mg) of 24-hour morphine

consumption. The 14 safety criteria were based on the pub-

lished adverse event (AE) profiles of the analgesics and

included six AEs (itchiness, nausea/vomiting, increased crea-

tinine, hepatic effects, hypotension, and psychomimetic

effects), seven serious AEs (cardiovascular thrombotic

events [cardiac effects], clinically relevant respiratory

depression, renal failure or clinically relevant renal impair-

ment, serious gastrointestinal [GI] events, agranulocytosis

[granulocyte concentration <500 cells/µL], serious liver dys-

function, and anaphylaxis), and the potential for toxicity
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from an accidental overdose as a separate safety category

(Figure 1).

Weighting of Criteria
Because the selected efficacy and safety criteria differ in

their clinical importance, the drug scores may not have the

same clinical value across the criteria (ie, a score of 30 on

one criterion may outweigh a score of 50 on another). To

quantify this, the panel employed a “swing weighting”

approach, based on participants’ judgments of the clini-

cally relevant difference between the best and worst drug

on each criterion.

The process of swing weighting occurred in four steps,

moving from the lowest level elements in the effects tree

(ie, the individual criteria; right-most in Figure 1) to mid-

level elements (groups of criteria: efficacy, AEs, serious

adverse events [SAEs], safety) and then to the left-most

top-level categories:

1. Low-level weighting: Relative weights in the 0–100

range were assigned to each of the efficacy criteria;

the process was repeated, separately, for the safety

criteria within the AEs and the SAEs groups.

2. Mid-level safety weighting: The largest-difference

criteria from the AEs and SAEs groups were com-

pared with the Overdose Toxicity criterion; each of

these criteria was assigned a weight in the 0–100

range.

3. Top-level weighting: The largest-difference safety

criterion was compared with the largest-difference

efficacy criterion, and each was assigned a weight

in the 0–100 range.

4. Top- and mid-level weights were used to adjust

weights of all the individual criteria, and to normal-

ize their values on a 100-point scale, which pre-

serves the ratios of the assessed weights.

Preference Scoring of Analgesics
For each efficacy and safety criterion, individual drugs were

assigned scores ranging from 0 (the least favorable) to 100

(the most favorable). There was no score exclusivity (ie,

multiple drugs could have the same score, including the

score of 100). For duration of action and opioid-sparing

effect, scores were determined using Hiview3 software,

which linearly converted the empirical data values for

each drug into values ranging from 0 to 100. For the

remaining 15 criteria (1 for efficacy and 14 for safety),

0–100 scores were assigned based on expert clinical opi-

nion (SS and EP-Z), considering each drug’s standing with

other drugs. For example, placebo was given a score of 0 for

pain relief and 100 on each of the safety criteria. A score of

50 meant that the expert panel judged that particular drug to

be half-way in its performance between the most preferred

drug and the least preferred drug. Of note, this scoring

system, although informed by published data and clinical

expertise, has an arbitrary zero point (similar to the Celsius

temperature scale when compared with the Fahrenheit

scale), and can be used for assessing differences in prefer-

ence, but not for calculating ratios. Agreed preference

Efficacy-safety Profile

Efficacy
Pain Relief
Duration of Action
Opioid Sparing

Itchiness
Nausea/Vomiting
Increased Creatinine
Hepatic Effects
Hypotension
Psychomimetic Effects

Cardiac Effects
Respiratory Depression
Renal Impairment
GI Effects
Agranulocytosis
Liver Dysfunction
Anaphylaxis
Overdose Toxicity

Safety

AEs

SAEs

Figure 1 Effects tree for determining the comparative efficacy-safety balance of the analgesics and placebo.

Abbreviations: AEs, adverse events; GI, gastrointestinal; SAEs; serious adverse events.
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scores or clinical data for each drug within each criterion are

listed in Supplementary Table 1.

Finally, drug preference scores were adjusted by multi-

plying initial scores by weights for every criterion. These

adjusted preference scores were used to calculate the over-

all preference scores for each drug, as well as score differ-

ences between morphine and each of the comparator

analgesics.

Sensitivity Analyses
Additional analyses were conducted to assess (a) the value

of preference scores with a zero weight placed on opioid

sparing, (b) the value of efficacy scores weighted indepen-

dently from safety scores, and (c) the impact of individual

criteria on overall drug performance. This allowed the

authors the opportunity to identify any data points that

may have an overly influential impact on the model output.

Statistical Analysis
No statistical comparisons were made.

Results
Overall, the efficacy criteria were considered almost twice

as impactful as the safety criteria, with assigned cumula-

tive weights of 63.6% and 36.4%, respectively. Among the

individual criteria, the efficacy criterion of pain relief had

the highest weighting (28.9%); the highest weighted safety

criterion was the GI effects (11.6%) (Table 1). Details of

the swing weighting process are shown in Supplementary

Figure l.

When the initial drug preference scores were adjusted

using the weight of each criterion, parecoxib emerged as the

most preferred analgesic, with a total score of 93, followed

by diclofenac (80), and ketorolac (75) (Figure 2). Morphine

had the worst efficacy-safety profile of all analgesics (total

score of 57), primarily because of its inherent opioid-

sparing effect of zero (Figure 2).

Criterion-by-criterion differences in preference scores

between parecoxib, the highest-ranked analgesic in our

analysis, and morphine, the lowest-ranked, suggest appre-

ciable advantages of parecoxib in terms of opioid sparing,

respiratory depression, duration of action, and pain relief,

and advantages of morphine in terms of cardiac and GI

effects (Figure 3). All non-morphine drugs had an advan-

tage over morphine in regard to opioid sparing and respira-

tory depression; diclofenac, ketorolac, and tramadol also

had higher preference scores than morphine in regard to

duration of action. For pain relief, morphine had advantage

over nefopam, acetaminophen, and tramadol.

When the analysis was rerun to disregard the drugs’

effect on opioid sparing, parecoxib and diclofenac

remained the most preferred options, with total scores of

93 and 80, respectively, but morphine became the third

most preferred option (total score of 76) (Figure 4).

In sensitivity analyses, parecoxib remained the most pre-

ferred option for a range of weights for total safety. Only

Table 1 Final Weights of the Criteria Comprising the MCDA Model

Criterion Type Criterion Individual Criterion Weight (%) Cumulative Weight (%)

Efficacy Pain relief 28.9 28.9

Efficacy Opioid sparing 23.1 52.0

Efficacy Duration of action 11.6 63.6

SAE GI effects 11.6 75.1

SAE Respiratory depression 9.2 84.4

SAE Cardiac effects 4.6 89.0

SAE Renal impairment 4.6 93.6

SAE Agranulocytosis 1.2 94.8

SAE Liver dysfunction 1.2 96.0

AE Nausea/vomiting 1.2 97.1

SAE Anaphylaxis 0.6 97.7

Safety Overdose toxicity 0.6 98.3

AE Itchiness 0.6 98.8

AE Hypotension 0.6 99.4

AE Psychomimetic effects 0.6 100.0

AE Increased creatinine 0.0 100.0

AE Hepatic effects 0.0 100.0

Abbreviations: AE, adverse event; GI, gastrointestinal; MCDA, multi-criteria decision analysis; SAE, serious adverse event.
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PAR DIC KET MET NEF ACET TRAM PBOMORPH

Total 93 80 75 73 68 66 60 57 36

Pain Relief Hepatic Effects GI Effects
Duration of Action Hypotension Agranulocytosis
Opioid Sparing Liver DysfunctionPsychomimetic Effect
Itchiness AnaphylaxisCardiac Effects
Nausea/Vomiting Resp Depression Overdose Toxicity
Increased Creatinine Renal Impairment

Figure 2 Adjusted preference scores of analgesics, broken down by individual efficacy and safety criteria (Primary analysis). More favorable efficacy is represented by a greater

column height. More favorable safety is represented by a greater column height. The numerical values of individual efficacy and safety criteria are listed by compound in

Supplementary Table 1.

Abbreviations: ACET, acetaminophen; DIC, diclofenac; GI, gastrointestinal; KET, ketorolac; MET, metamizole; MORPH, morphine; NEF, nefopam; PAR, parecoxib; PBO,

placebo; Resp, respiratory; TRAM, tramadol.

Figure 3 Comparison of parecoxib versus morphine based on weighted score differences for each criterion.

Notes: Effects are shown in order of weighted difference, with sum equal to the difference in overall preference values. Positive values (green bars) indicate advantage of

parecoxib and negative values (red bars) indicate advantage of morphine.

Abbreviations: AE, adverse event; Cum Wt, cumulative weight; Diff, difference; Wtd Diff, weighted difference; SAE, serious adverse event.
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when the weight of total safety was set above 75% did

another analgesic, nefopam, become the most preferred

option (Supplementary Figure 2). Parecoxib remained the

most preferred option regardless of the relative weight of

pain relief, with diclofenac remaining the second most pre-

ferred option for pain relief weights ranging from 10% to

100% (Supplementary Figure 3).

When preference scores were calculated based on sepa-

rately weighted values for efficacy and safety, parecoxib

retained a preferred position, with an efficacy score of 98

and a safety score of 84 (Figure 5). Diclofenac and ketorolac

had similar efficacy, but significantly inferior safety scores,

and acetaminophen, metamizole, and nefopam were each

better than parecoxib in terms of safety, but inferior in

terms of efficacy (Figure 5).

Discussion
In this comparison of eight common parenteral analgesics

for postoperative pain, evaluated across 17 efficacy and

safety criteria, parecoxib was identified as the highest-

rated option in the primary analysis and in a number of

sensitivity analyses. To the best of our knowledge, this is

the first comparative analysis of postoperative analgesics

using MCDA.

The high scores for parecoxib were largely driven by

its efficacy in terms of pain relief and opioid sparing, as

well as by its favorable safety profile in terms of respira-

tory depression and GI effects. Conversely, morphine was

the least preferred option overall, mainly due to a lack of

opioid sparing effect. When opioid sparing was assigned

a weight of zero, morphine became the third most pre-

ferred option, highlighting the importance of opioid spar-

ing in multimodal analgesia and the effectiveness of

morphine when opioid sparing is not a consideration.

Our results are largely consistent with findings of net-

work meta-analyses that have assessed relative efficacy of

agents used for acute postoperative pain, with NSAIDs and

COX-2 inhibitors among the most effective analgesics,22

Total

Increased Creatinine Renal Impairment

Pain Relief Hepatic Effects GI Effects
Duration of Action Hypotension Agranulocytosis
Opioid Sparing Liver DysfunctionPsychomimetic Effect
Itchiness AnaphylaxisCardiac Effects
Nausea/Vomiting Resp Depression Overdose Toxicity

93 80 74 76 58 56 56 76 36

PAR DIC KET MET NEF ACET TRAM MORPH PBO

Figure 4 Adjusted preference scores of analgesics, broken down by individual efficacy and safety criteria (Sensitivity analysis: Opioid-sparing effect weight = 0). More

favorable efficacy is represented by a greater column height. More favorable safety is represented by a greater column height. The numerical values of individual efficacy and

safety criteria are listed by compound in Supplementary Table 1.

Abbreviations: ACET, acetaminophen; DIC, diclofenac; GI, gastrointestinal; KET, ketorolac; MET, metamizole; MORPH, morphine; NEF, nefopam; PAR, parecoxib; PBO,

placebo; Resp, respiratory; TRAM, tramadol.
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with an advantage over tramadol and acetaminophen,23

the second- and third-lowest ranked analgesics in our analy-

sis. However, risk may outweigh some benefits of a drug.

The value of the MCDA model applied in our study is

in its concise assessment of multiple aspects of efficacy

and safety across a number of agents. In addition, it can be

used to compare individual drugs across a number of

criteria, which may be a valuable surrogate comparison

in absence of published head-to-head trials.

It should be pointed out that our MCDA model was

limited by the choice of parenteral analgesics widely avail-

able in Europe, by the types of data published for each

drug, by the fact that data from different surgical proce-

dures were combined in order to maximize the number of

studies that could be included, and by the fact that it was

dependent on expert opinion, which may be subjective. As

such, its outcomes cannot be extrapolated to other drugs or

settings.

This study is focused exclusively on the efficacy-safety

balance of postoperative analgesics, which does not consider

contra-indications, interactions with other drugs, or precau-

tions. For example, the pain from different surgical procedures

might respond differently to analgesics.14 Although our results

are ofmost advantage for patients with low-risk factors for any

AEs, the safety scores in Table 1 can be consulted to avoid the

least safe analgesic for each side effect. For example, NSAIDs

would be the least preferred for patients with high risk of

cardiovascular AEs, while metamizole shows high scores for

both efficacy and safety.

In conclusion, the MCDA approach we employed took

into account both efficacy and safety data and drew on the

expertise of experienced clinicians within the field. This

assessment suggested that parecoxib, among the drugs

assessed, has the most favorable efficacy-safety profile

based on a wide range of criteria. Our findings may help

healthcare professionals optimize treatment selection

within the acute postoperative setting.

Abbreviations
AE, adverse event; COX-2, cyclooxygenase-2; GI, gastro-

intestinal; MCDA, multi-criteria decision analysis;

NSAID, non-steroidal anti-inflammatory drug; SAE, ser-

ious adverse event.
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