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Evidence-based pain therapy should rely on precisely defined and personalized criteria. This includes balancing the

benefits and risks not only of single drugs but often requires complex between-drug comparisons. Non-steroidal anti-

inflammatory drugs (NSAIDs) have been available for several decades and their use is described in an abundance of

guidelines. Most of these guidelines recommend that ‘the selection of a particular NSAID should be based on the benefit-

risk balance for each patient’. However, head-to-head studies are often lacking or of poor quality, reflecting the lower

standards for clinical research and regulatory approval at the time. The inconsistency of approved indications between

countries due to national applications adds to the complexity. Finally, a fading research interest once drugs become

generic points to a general deficit in the post-marketing evaluation of medicines. Far from claiming completeness, this

research illustrates the challenges that physicians encounter when trying to balance benefits and risks in a situation of

incomplete and inconsistent data on longstanding treatment concepts. Ibuprofen and mefenamic acid, the most frequently

sold NSAIDs in Austria, serve as examples. The illustrated principles are, however, not specific to these drugs and are

generalizable to any comparison of older drugs in daily clinical practice. 
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1. Introduction

Pain is not a simple, precisely defined neuronal sensation but rather a complex series of pathophysiological, emotional,

and behavioral processes. An Austrian survey among patients suffering from pain reflects this complexity when reporting

that around 40 to 65 percent of respondents were dissatisfied with their treatment and frustrated by the care received.

A comprehensive assessment of an individual’s needs and a tailored, multimodal, and interdisciplinary treatment strategy

in accordance with international standards are thus warranted.  Especially in the treatment of acute pain, rapid

therapy within the limits of the drug’s pharmacokinetic properties is important to avoid the occurrence of manifest changes

in the central nervous system and thus pain chronification.  Chronic pain, however, is best treated at a fixed

administration schedule allowing for a stable effect throughout the day.

Non-steroidal anti-inflammatory drugs (NSAIDs) represent a large class of pain killers, of which most representatives have

been available for several decades. However, recent research, especially high-quality head-to-head trials are often

lacking, reflecting the lower standards for clinical research and regulatory approval at the time these drugs came to

market. This complexity of pain management at all stages underlines the importance of comprehensive and evidence-

based consultation at the patients’ point of contact, i.e., the doctor’s office or the pharmacy.

To reduce complexity while providing up-to-date clinical evidence, well-maintained guidelines are available to physicians

and pharmacists.  Most guidelines recognize this unsatisfactory situation and shift the responsibility for individual

assessment of the benefit-risk balance to the consultant. A typical statement is the following:  ‘Overall, most evidence

showed no significant efficacy differences among the different non-selective NSAIDs. However, the quality of evidence for

the majority of indications was limited by small and underpowered studies with imprecise estimates of effect and the

absence of several randomized, controlled trials (RCTs) for the same non-selective NSAID comparison. Additionally, RCTs

for every possible NSAID comparison are lacking. Guidelines, across indications, do not specify a preference for one non-

specific NSAID over another.’ Sometimes this is followed by a disclaimer, such as the following:  ‘Practitioners should

choose medication within their appropriate prescribing rights and within their scope of professional practice and accept

clinical/legal responsibility for their prescribing decisions.’ The present research illustrates the challenges that physicians

encounter when trying to balance benefits and risks in a situation of incomplete and inconsistent between-drug

comparisons of longstanding treatment concepts. Ibuprofen and mefenamic acid in their locally approved Austrian

indications have been chosen as examples. This research is not trying to provide a complete summary of the literature
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available to date but rather to illustrate a principle, which is generalizable to any comparison of older drugs in daily clinical

practice.

2. Pain Management in the Course of Time

NSAIDs are the largest and most commonly prescribed type of analgesic. Many compounds are available prescription-

free through pharmacies or over-the-counter (OTC) for self-medication. As a general consideration it should be noted that

all substances that have obtained national or regional regulatory approval were considered effective and safe in their

respective indication by the regulatory authorities.  In Austria, the NSAIDs acetylsalicylic acid, paracetamol and

ibuprofen are OTC drugs, while mefenamic acid requires a prescription.  In other countries, however, OTC preparations

for mefenamic acid are available. Reference is made to local regulatory agencies for the respective prescribing

information.

According to a report by the Austrian Federal Environment Agency,  the total consumption of analgesics, anti-

inflammatory drugs and anti-rheumatic agents in Austria in 2014 was 244,854 kg. Compared to 1997, this represents an

increase of 50%. There was also a shift in the individual compounds most frequently used: while in 1997 acetylsalicylic

acid, paracetamol and mefenamic acid were among the three most commonly used compounds in Austria, acetylsalicylic

acid was increasingly replaced by ibuprofen by 2014.  Among NSAIDs, this leaves ibuprofen and mefenamic acid as

preferred choices in Austria, often for similar indications. Lacking comprehensive head-to-head trials, the choice of

compound is also often guided by individual experience and preference of the physician, the pharmacist and even the

patient. Even the comprehensive compendium “Martindale—the Complete Drug Reference” points out that the medical

prescription is often based only on doctors’ experience.

3. History of NSAIDs and Its Impact in Data Quality Today

NSAIDs represent one of the oldest classes of medicines. They are typical representatives of the era of chemistry-driven

drug research, which was dominant until the middle of the 20th century and was eventually replaced by targeted

(pharmacology-driven) drug design. Acetylsalicylic acid is a typical example of chemistry-driven drug design. It was initially

developed as a prodrug of salicylic acid, designed with the aim to avoid the adverse effects of its parent compound. It was

only much later found to be an irreversible enzyme blocker perfectly suited as antithrombotic drug. Mefenamic acid

received its first market approval in 1962 in the United States.  Ibuprofen was first approved in the United Kingdom in

1969.  At the time of market entry, the basic mechanisms of action were not yet known. The discovery of the role of the

arachidonic acid cascade and of the prostaglandins by Bergström, Samuelson, and Vane was rewarded by the Nobel

Prize in Medicine in 1982. Prostaglandin synthase, more frequently referred to as cyclooxygenase (COX), is responsible

for the transformation of arachidonic acid to the prostaglandins, prostacyclin and thromboxane. It occurs in two isoforms:

COX-1 and COX-2,  which were only discovered in 1971  and 1990/91,  respectively. In the meantime,

extensive pharmacological work on the arachidonic acid cascade has revealed the high complexity of this system, which

increasingly will be recognized to be the core of innate immunity.

This iterative procedure stands in considerable contrast to the common drug discovery process today, where a

comprehensive package of data on a drug is generated and submitted to inform the regulatory approval process.

Marketing approval follows a systematic assessment of all available information on a drug. However, regulatory

requirements have evolved in parallel with the scientific progress and also as a consequence of dramatic failures, such as

the discovery of the malformations caused by thalidomide in the 1950s and 1960s.   Even now, marketing approval is

often granted on a preliminary basis with further requests for post-authorization safety studies (PASS), because rare side

effects, interactions or risks that only affect certain patient groups only become apparent when a large number of

individuals have received the new drug. Available data on old drugs are therefore often incomplete and of low quality as

per current standards. Furthermore, with each new chemical entity (NCE) introduced to the market becoming a generic

drug after some time (10 to 15 years), the majority of medicines in use consists of products, which have never been

subject to a systematic comparative post-marketing assessment guided by drug authorities according to current

standards.

4. Conclusions

It was mentioned before that most of the NSAIDs are very old drugs and that this class of compounds received renewed

attention only after the discovery of underlying physiological mechanisms. At that time, mefenamic acid already was a

generic drug of limited interest for industry, while ibuprofen became one of those drugs that benefited from the new
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mechanistic “boom”. It received a further stimulus by the upcoming “racemic drug” topic, which led to the discovery of

dexibuprofen.

Comparative data of both compounds are rare. A benefit–risk assessment based solely on the degree of COX-1 or COX-2

selectivity is not permissible. Both drugs are currently approved, therefore they can be considered effective and safe in

the approved dose and in the short-term setting. It is known that a ceiling effect at higher doses occurs with both drugs

and no further increase in efficacy can be achieved while toxicity increases in a dose-dependent manner.

For ibuprofen there is recent literature which shows that the cardiovascular and gastrointestinal risk is low at a dosage of

up to 1200 mg. In patients with a high cardiovascular risk, however, naproxen should definitely be preferred. Due to the

high gastrointestinal side effect profile of naproxen, accompanying gastroprotective medication (e.g., proton pump

inhibitors) must be considered. Especially in elderly patients, attention should be paid to existing risk factors and

interactions with other frequently administered drugs. In the first two trimesters of pregnancy and during lactation, the

safety for ibuprofen is relatively well-established and supported by recent research; for mefenamic acid, however, hardly

any recent literature is available. In the third trimester, both drugs are contraindicated. Although both ibuprofen and

mefenamic acid—as with the class of traditional NSAIDs in general—have been available for a very long time, conducting

further comparative research to better understand the relative efficacy and tolerability of individual NSAIDs should not be

neglected. Given the great importance of NSAIDs, the benefit–risk assessment should not be placed on the shoulders of

the individual doctors and their individual experience and personal preference alone.

Bearing in mind that post-marketing observation of drug performance has become an indispensable element of

surveillance by authorities, it may be considered a major gap in drug utilization that there is no stringent tool for the

unbiased direct comparison of (sets of) drugs, not even for the most frequently used of them. Probably only a regulatory

initiative could lead to an improved situation.

References

1. Österreichischer Patientenbericht. Chronischer Schmerz. Periskop 2009, 39, 13. . Periskop. Retrieved 2022-11-2

2. Stadt Wien. Schmerzbericht Wien 2018. . GOEG. Retrieved 2022-11-2

3. Guidelines for the Management of Acute Pain in Emergency Situations 2020. . European Society of Emergency Medici
ne. Retrieved 2022-11-2

4. Diagnose und nicht Interventionelle Therapie Neuropathischer Schmerzen. . AWMF (Arbeitsgemeinschaft der Wissens
chaftlichen Medizinischen Fachgesellschaften e.V.). Retrieved 2022-11-2

5. Cesare Bonezzi; Diego Fornasari; Claudio Cricelli; Alberto Magni; Giuseppe Ventriglia; Not All Pain is Created Equal: B
asic Definitions and Diagnostic Work-Up. Pain and Therapy 2020, 9, 1-15, 10.1007/s40122-020-00217-w.

6. MacKenzie, M.; Zed, P.J.; Ensom, M.H.; Opioid Pharmacokinetics-Pharmacodynamics: Clinical Implications in Acute P
ain Management in Trauma. Ann. Pharmacother. 2016, 50, 209–218, .

7. Christian Martini; Erik Olofsen; Ashraf Yassen; Leon Aarts; Albert Dahan; Pharmacokinetic-pharmacodynamic modeling
in acute and chronic pain: an overview of the recent literature. Expert Review of Clinical Pharmacology 2011, 4, 719-72
8, 10.1586/ecp.11.59.

8. Antman, E.M.; Bennett, J.S.; Daugherty, A.; Roberts, H.; Taubert, K.A.; Association, A.H.; Use of nonsteroidal antiinflam
matory drugs: An update for clinicians: A scientific statement from the American Heart Association. Circulation 2007, 11
5, 1634–1642, .

9. Deborah Dowell; Tamara M. Haegerich; Roger Chou; CDC Guideline for Prescribing Opioids for Chronic Pain-United St
ates, 2016. JAMA 2016, 315, 1624-1645, 10.1001/jama.2016.1464.

10. Non-Selective Oral Nonsteroidal Anti-Inflammatory Drugs . University of Utah College of Pharmacy, Drug Regimen Rev
iew Center. Retrieved 2022-11-2

11. Arzneispezialitätenregister—Online Suche Arzneispezialitäten 2022 . Bundesamt für Sicherheit im Gesundheitswesen
—Medizinmarktaufsicht. Retrieved 2022-11-2

12. Arzneispezialitätenregister 2022. . Bundesamt für Sicherheit im Gesundheitswesen und AGES Medizinmarktaufsicht..
Retrieved 2022-11-2

13. Arzneimittelrückstände in der Umwelt 2016. . Umweltbundesamt. Retrieved 2022-11-2



14. Arzneimittelrückstände in der Umwelt—Bestandsaufnahme und Problemdarstellung 1999. . Umweltbundesamt. Retriev
ed 2022-11-2

15. The Martindale Editorial Team.. Martindale—The Complete Drug Reference, 28th ed.; Brayfield, Alison, Eds.; Pharmac
eutical Press: London, UK, 2014; pp. 102.

16. Nevio Cimolai; The potential and promise of mefenamic acid. Expert Review of Clinical Pharmacology 2013, 6, 289-30
5, 10.1586/ecp.13.15.

17. Dawn Connelly; A brief history of ibuprofen. Pharmaceutical Journal 2017, 299, 28–29, 10.1211/pj.2017.20203273.

18. Rod J. Flower; The development of COX2 inhibitors. Nature Reviews Drug Discovery 2003, 2, 179-191, 10.1038/nrd10
34.

19. J. R. Vane; Inhibition of Prostaglandin Synthesis as a Mechanism of Action for Aspirin-like Drugs. Nature New Biology 1
971, 231, 232-235, 10.1038/newbio231232a0.

20. O’Banion, M.K.; Sadowski, H.B.; Winn, V.; Young, D.A.; A serum- and glucocorticoid-regulated 4-kilobase mRNA encod
es a cyclooxy-genase-related protein. Journal of Biological Chemistry 1991, 266, 23261–23267, .

21. J Y Fu; J L Masferrer; K Seibert; A Raz; P Needleman; The induction and suppression of prostaglandin H2 synthase (cy
clooxygenase) in human monocytes.. Journal of Biological Chemistry 1990, 265, 16737-40, .

22. Neil Vargesson; Thalidomide-induced teratogenesis: History and mechanisms. Birth Defects Research Part C: Embryo
Today: Reviews 2015, 105, 140-156, 10.1002/bdrc.21096.

Retrieved from https://encyclopedia.pub/entry/history/show/76190


