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ABSTRACT

Introduction: Patients with rheumatoid arthri-
tis (RA) or other rheumatic diseases say that
pain and stiffness are symptoms affecting their
quality of life. Ketoprofen and ibuprofen are the
most commonly used non-steroidal anti-in-
flammatory drugs (NSAIDs) to reduce inflam-
mation and manage mild-to-moderate pain.
The aim of this new systematic review of the
literature and meta-analysis of randomized
controlled trials (RCTs) was to compare the
clinical efficacy of ketoprofen and ibuprofen in
patients with RA.
Methods: The MEDLINE and EMBASE scientific
databases were systematically searched from

their inception to November 2020 to identify
RCTs directly comparing the recommended
therapeutic doses of oral ketoprofen (50–-
200 mg/day) with ibuprofen (600–-
1800 mg/day) for RA pain relief. The meta-
analysis was made using the standardized mean
differences (SMD) of each of the identified RCTs
using a fixed effects model.
Results: Four RCTs involving 456 patients met
the inclusion criteria. The results of the meta-
analysis showed a statistically significant dif-
ference in efficacy in favor of ketoprofen (0.33,
95% CI 0.14–0.52, p = 0.0005) at all point-esti-
mates of the mean-weighted size effect. The
heterogeneity test for the efficacy outcome (the
hypothesis was v2 = 3.57%, df = 3,
p value = 0.31 and the chance of a test effect
was 3.49, p = 0.0005) was not significant, and
this was confirmed by a Higgins percentage of
16%. The studies included in the meta-analysis
did not reveal any significant differences
between the two drugs in terms of tolerability or
safety.
Conclusions: The result of this meta-analysis
shows that ketoprofen is more effective than
ibuprofen in managing RA pain at therapeutic
doses, thus supporting its use in clinical
practice.

Keywords: Ibuprofen; Ketoprofen; NSAIDs;
Pain; Rheumatoid arthritis

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40122-021-00250-3.

F. Atzeni (&)
Rheumatology Unit, University of Messina,
Messina, Italy
e-mail: atzenifabiola@hotmail.com

I. F. Masala
Orthopedic Unit, Santissima Trinità Hospital,
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Key Summary Points

Why carry out this study?

Pain is the primary reason patients with
inflammatory arthritis seek
rheumatological care.

Treatment with ketoprofen and ibuprofen
is the most used to reduce inflammation
and manage mild-to-moderate pain.

This systematic review of the literature
and meta-analysis compared the clinical
efficacy and pain-relieving capacity of
ketoprofen with that of ibuprofen in
patients with the specific pain condition
of RA.

What was learned from the study?

The results showed a statistically
significant difference in efficacy in favor
of ketoprofen in all point estimates of the
effect of the average weighted size (0.33,
95% CI 0.14–0.52; p = 0.0005), but there
was no statistically significant tolerability
and safety difference between the two
molecules.

The efficacy and good safety profile of
ketoprofen indicate that it has a better
risk/benefit ratio than ibuprofen at the
recommended doses, a finding that
should be taken into account by clinicians
when dealing with RA patients
experiencing moderate-to-severe pain.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14046446.

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic
autoimmune disease characterized by inflam-
matory arthritis and extra-articular manifesta-
tions [1] with a high heterogeneity and
therefore it can be defined as a multi-faceted
inflammatory disease [2]. RA not only affects
the joints and their surrounding structures but
is also a systemic disease capable of involving
multiple organ systems such as cardiac and
pulmonary systems [3]. It is the most frequent
chronic inflammatory arthritis, as it affects
0.5–1% of adults in developed countries, and is
traditionally associated with a substantial bur-
den of disease, lost working productivity, and
increased mortality [4, 5].

Pain is the primary reason patients with
inflammatory arthritis seek rheumatological
care, and one of the top three priorities of
68–90% of RA patients [6], as it causes psycho-
logical distress and sleep disturbance, and may
even be a greater cause of disability than struc-
tural joint damage. Pain is associated with dis-
ease activity (and radiographic changes may be
related to future pain) and, together with stiff-
ness and progressive joint damage, is caused by
inflammation. However, it is becoming
increasingly possible to suppress inflammation
completely and ensure clinical remission, and
long-term outcomes may be improved if this is
rapidly achieved. The effective suppression of
inflammatory disease during the first years after
a diagnosis of RA tends to decrease the level of
pain, although it often does not completely
disappear, and may subsequently increase once
again [7].

The management of mild-to-moderate pain
has traditionally been based on the use of non-
steroidal anti-inflammatory drugs (NSAIDs) and
the synthetic non-opioid analgesic acet-
aminophen, both of which are effective, widely
recommended, and extensively used [8].

Ketoprofen and ibuprofen are NSAIDs
belonging to the family of propionic derivatives
that have been used in Europe and the USA to
treat chronic painful conditions such as
osteoarthritis, RA, and acute mild-to-moderate
pain (e.g., primary dysmenorrhea and tension-
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type headache) for the last 30 years [9, 10].
Ketoprofen is a racemic mixture of which only
the S-isomer possesses cyclo-oxygenase inhibit-
ing activity; the R-isomer is much less potent
[11, 12]. After oral administration, it is almost
completely absorbed by the gastrointestinal
tract and is highly bound ([90%) to plasma
proteins, with peak plasma concentration
reached after 15 min [9].

In a previous meta-analysis [8], we demon-
strated that ketoprofen was superior to ibupro-
fen and/or diclofenac (another widely used
NSAID) in relieving various kinds of moderate-
to-severe pain conditions, including rheumatic
disorders. In this systematic review of the liter-
ature and meta-analysis, we only focused on
studies on RA because this disease has a con-
siderably strong inflammatory component and
represents one of the key osteoarticular inflam-
matory pathologies. The primary aim was to
compare the clinical efficacy and pain relief
capacity of ketoprofen with that of ibuprofen,
in patients with the specific pain condition of
RA, based on randomized controlled trials
(RCTs) comparing the two drugs in order to
guarantee homogeneity and lower the risk of
bias.

Given various recent reports concerning
cardiovascular, hepatic, and gastrointestinal
adverse events associated with the chronic
administration of NSAIDs [13–16], the major
regulatory authorities have recommended
administering the lowest effective doses for the
shortest time necessary to control symptoms
and reach therapeutic goals. Our secondary aim
was therefore to evaluate the safety and tolera-
bility of ketoprofen and ibuprofen in order to
fully assess their benefit–risk profiles.

METHODS

This meta-analysis was designed and made in
accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) statement [17, 18]. This article is
based on previously conducted studies and does
not contain any new studies with human par-
ticipants or animals performed by any of the
authors.

Data Sources

The studies included in the analysis had to be
RCTs evaluating the efficacy of ketoprofen and
ibuprofen in treating pain in patients with RA.
The systematic search of the MEDLINE and
EMBASE databases from their inception to
November 2020, which was also extended to
grey literature sources, used the key words/
MeSH and EMTREE terms ‘‘rheumatoid arthri-
tis’’ or ‘‘inflammatory arthritis’’ or ‘‘chronic
arthritis’’ and ‘‘pain’’ or ‘‘ketoprofen’’ or
‘‘ibuprofen’’ and ‘‘inflammatory pain’’ or
‘‘chronic pain’’ combined with Boole’s logical
operators. The reference lists of previous reviews
and the included studies were also examined, as
were EULAR and ACR conference abstracts.
There was no language limitation, and any
papers not in English were translated.

The patients participating in the RCTs
included in the meta-analysis were adults with
RA treated with oral ketoprofen or ibuprofen. In
order to ensure adherence to therapeutic doses
and the homogeneity of the effect sizes, we only
selected trials in which ketoprofen and ibupro-
fen were used at daily doses within their
respective therapeutic ranges of 50–200 mg/day
and 600–1800 mg/day. These doses are in
accordance with the posology recommended in
clinical practice for the treatment of moderate-
to-severe pain. In addition, the trials had to
evaluate the improvement of pain as an out-
come, regardless of the assessment method
used. Finally, in order to evaluate the tolerabil-
ity and safety of the two drugs, we included the
studies stating the number or percentage of
patients experiencing adverse events and the
number or percentage of withdrawn patients.

Non-randomized trials or studies that did
not directly compare ketoprofen with ibupro-
fen, or compared ketoprofen with ibuprofen
plus a narcotic or non-narcotic agent, and
studies in which the drugs were not adminis-
tered orally or were not administered at daily
doses within their therapeutic ranges were
excluded. In order to minimize heterogeneity,
we also excluded retrospective studies reviews,
letters, editorials, conference papers, case
reports, basic science papers, and clinical prac-
tice guidelines (Table 1).
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Study Selection

In accordance with the a priori inclusion criteria
and following the Cochrane Collaboration

Guidelines [19], two authors (FA and IFM)
independently selected the RCTs, with any dif-
ferences between them being settled by con-
sensus. Subsequently, they independently
reviewed the titles and/or abstracts of the
identified papers and reviewed the full texts of
the eligible publications using a recognized
method of positive inclusion; any disagree-
ments regarding inclusion were resolved by
discussions involving all of the authors.

Quality Assessment and Risk of Bias

The quality of the selected publications was
assessed using Jadad’s RCT assessment scale
[20], which considers blinding, randomization,
and patient dropouts/withdrawals. The scale
scores range from 0 to 5, with higher scores
indicating less likelihood of biased results, and a
score of C 3 indicating high quality.

Using the guidelines for the assessment of
risk of bias in the Cochrane Handbook, the
RCTs were graded by two reviewers on the basis
of randomization sequence generation, alloca-
tion concealment, incomplete outcome data,
selective outcome reporting, the blinding of
participants and personnel, and the blinding of
outcome assessments [19]. These items were
considered as key domains and classified as
‘‘adequate’’ (low risk of bias), ‘‘inadequate’’ (high
risk of bias), or ‘‘unclear’’. Studies with adequate
procedures in all domains were considered to
have a low risk of bias; those with inadequate
procedures in one or more key domain(s) were
considered to have a high risk of bias; those
with unclear procedures in one or more key
domain(s) were considered to have an unclear
risk of bias (Fig. 1).

Data Extraction and Outcome Definition

The extracted information included the first
author, year of publication, study design, Jadad
quality score, the type of disease, the number of
patients and controls, the type of NSAIDs and
their doses, treatment duration, mean age/gen-
der ratios, and outcome measure(s).

The efficacy data collected from all of the
articles were visual analogue scale (VAS) scores,

Table 1 Criteria for including and excluding trials in the
meta-analysis

Inclusion criteria

Trial design Randomized controlled trial

Study population Patients aged[ 18 years affected

by rheumatoid arthritis

Dose Therapeutic doses: ketoprofen

50–200 mg/day and ibuprofen

600–1800 mg/day

Outcome measures 1. Efficacy meta-analysis: Visual

analogue scale (VAS), pain scales,

pain relief, responders, total

symptom rating score, joint

index, percentage of improved vs.

percentage of unimproved

patients

2. Tolerability meta-analysis:

number or percentage of patients

experiencing adverse events

3. For safety meta-analysis: number

or percentage of withdrawn

patients

Exclusion criteria

Trial design Non-randomised studies or studies

not examining the efficacy/

safety/tolerability of ketoprofen

and ibuprofen

Treatment type Studies not directly comparing

ketoprofen with ibuprofen and

those comparing ketoprofen

with ibuprofen plus a narcotic or

non-narcotic agent

Dose and route of

administration

NSAIDs not administered orally or

administered at daily doses not

within the therapeutic ranges
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pain scale scores, pain relief scores, the number
of treatment responders, total symptom rating
scores, joint counts, and the percentage of
improved and unimproved patients. The toler-
ability and safety meta-analyses were respec-
tively made using the number or percentage of
patients experiencing adverse events, and the
number or percentage of withdrawn patients.

Statistical Analysis

The meta-analysis was made using the stan-
dardized mean differences (SMD) of each RCT.
The mean differences (MD) and 95% confiden-
tial intervals (CIs) of the continuous outcomes
were calculated, with a fixed effects model being
used because of the possible variability in pop-
ulation characteristics across studies. The odds
ratios (ORs) of the dichotomous data collected
in the individual studies were calculated, and a

fixed effects meta-analysis was done to calculate
the pooled estimates of effect.

Publication bias was not assessed using a
funnel plot because of the limited number of
studies, but heterogeneity was measured using
the I2 test with a threshold of 50% [19, 21] and a
sensitivity analysis was done by excluding any
outliers from the final analysis. The meta-anal-
yses were made using version 5.2.11 Review
Manager software.

RESULTS

Search Results

The initial keyword and hand search yielded
411 publications, 17 of which were duplicates.
Three hundred and ninety-four articles were
screened based on title or abstract and 379 of
them were excluded. Of the 15 full-text articles
analyzed, four articles were assessed for eligi-
bility. The meta-analyses were therefore based
on the four remaining articles [22–25], all
comparing ketoprofen and ibuprofen treatment
in patients with RA. Figure 2 shows a
flowchart of the selection process.

Characteristics of the Studies Included
in the Meta-Analysis

Table 2 shows the characteristics of the four
RCTs included in the meta-analysis. They
involved a total of 456 patients (229 treated
with ketoprofen and 227 treated with ibupro-
fen), and three had a cross-over design
[22, 23, 25].

There were no major differences in the
characteristics of the patients in the four RCTs.
The mean age was 55 years with a higher per-
centage of females (62%) than males (38%) and
with a duration of illness of 1–5 years
or[5 years in most cases. They all had classic
or definite RA as defined by the American
Rheumatism Association and were indicated for
treatment. The patients in three of the trials
[22–24] were untreated with corticosteroids or
immunosuppressive drugs for periods ranging
from 1 day to 3 months. Simple analgesics were

Fig. 1 Summary of each risk item of RCT
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only allowed during Huskisson’s study [25], and
16 patients already being treated with small
doses of corticosteroids continued taking them.

The ketoprofen and ibuprofen doses assessed
in the studies were 150–300 and 1200–-
1800 mg/day, respectively; treatment duration
ranged from 10 days to 3 months.

All of the studies considered changes in pain
as evaluated by VAS or point scores. Two studies
of 142 patients treated with ketoprofen and 140
treated with ibuprofen [24, 25] included dura-
tion of stiffness scores, and two studies of 86
patients treated with ketoprofen and 84 treated
with ibuprofen [22, 23] included grip strength
scores.

Adverse events and withdrawal rates were
available for three studies with 139 patients
treated with ketoprofen and 137 treated with
ibuprofen [22–24]. All four RCTs [22–25] had a
Jadad quality scores of C 3.

Meta-Analysis of the Efficacy
of Ketoprofen and Ibuprofen

Figure 3 shows the size effect of the two drugs.
The meta-analysis revealed a statistically sig-
nificant difference in efficacy in favor of keto-
profen at all of the point-estimates of the mean
weighted size effect (0.33, 95% CI 0.14–0.52;
p = 0.0005).

The test of heterogeneity for the efficacy
outcome (the hypothesis test was v2 = 3.57%,
df = 3, p value = 0.31 and the chance of a test
effect was 3.49, p = 0.0005) was not significant,
and this was confirmed by the Higgins per-
centage of 16%.

The graph shows the significant distance
between the ‘‘no difference’’ middle ordinate
and the standard difference in favor of
ketoprofen.

Fig. 2 Flowchart of the selection process for studies included in the meta-analysis
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Table 2 Characteristics of the RCTs comparing ketoprofen with ibuprofen

Author,
year

Trial design Jadad
score

Treatment group
dose/day

Treatment
duration

No. of
patients

Males/
females

Outcome
measures used
for meta-
analyses

Overall
side-
effects
difference

Calin, 1977 Randomized,

double-

blind,

parallel

group

4 Ketoprofen

(150–300 mg)

Ibuprofen

(1200–2400 mg)

3 months 52 23/29 Joint Index ns

50 22/28

Huskisson,

1976

Randomized,

double-

blind,

crossover

4 Ketoprofen

(150 mg)

Ibuprofen

(1200 mg)

Fenoprofen

(2400 mg)

Naproxen

(500 mg)

2 weeks 90 nd Pain Score ns

90

90

90

Mills, 1973 Randomized,

double-

blind,

crossover

4 Ketoprofen

(150 mg)

Ibuprofen

(1200 mg)

2 weeks 34 12/22 Pain Index ns

34

Montrone,
1979

Double-blind,

crossover

3 Ketoprofen

(200 mg)

Ibuprofen

(1200 mg)

10 days 53 15/40 Pain on

pressure

ns

53

nd not defined, ns not significant

Fig. 3 Size effect of ketoprofen and ibuprofen
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Meta-Analyses of the Tolerability
and Safety of Ketoprofen and Ibuprofen

The analysis of tolerability (Fig. 4) evaluated the
risk ratio (RR) between ketoprofen and ibupro-
fen (RR = 1.05; [- 0.83, 1.33] M-H, fixed, 95%
CI). The hypothesis test was v2 = 0.06 (df = 2;
p = 0.97), and I2 was 0% [17]. There was there-
fore no statistically significant difference
between the two molecules.

Safety was evaluated by analyzing the risk
difference (RD) between ketoprofen and
ibuprofen (Fig. 5). The total RD was 0.02
[- 0.03, 0.7], with 7 vs. 4 events in 142 vs. 139
patients. The heterogeneity was not significant:
v2 = 0.52 (df = 2; p = 0.77) and I2 = 0%.

DISCUSSION

Rheumatoid arthritis is a progressive inflam-
matory disease that mainly affects the periph-
eral joints and often causes the destruction of
cartilage and bone. NSAIDs represent an
important pharmacologic choice in the man-
agement of inflammatory pain and they are:

analgesic, antipyretic, anti-inflammatory, and
platelet aggregation inhibitors. Each activity is
mediated by the same mechanism of action:
they block prostaglandin production by
inhibiting both forms of cyclooxygenase (COX),
COX1 and COX2, which are essential for the
synthesis of prostaglandins.

This class of drugs includes many com-
pounds with clinically relevant differences
regarding efficacy and safety. Among the many
NSAIDs available, ibuprofen, diclofenac, and
ketoprofen remain the most frequently used
[26].

The principal guidelines for the long-term
management of RA state that symptomatic RA
patients should be treated with NSAIDs (to-
gether with a proton pump inhibitor if neces-
sary) because they have an immediate effect on
pain and stiffness even if they do not influence
the disease process.

The multiplicity of the currently available
NSAIDs therefore provides a strong rationale for
comparing their benefit–risk ratios in order to
help physicians make rational therapeutic
choices for managing pain. Analgesics are used
to manage pain in all stages of the disease, often

Fig. 4 Tolerability: risk ratio (RR) between ketoprofen and ibuprofen

Fig. 5 Safety: risk difference (RD) between ketoprofen and ibuprofen
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in combination with other drugs aimed at
controlling inflammation but, although acet-
aminophen is readily available, there is little
RCT-based evidence supporting its use [27–30],
and trials have often used it in combination
with another analgesic of a different class.

Substantial evidence, including a Cochrane
review, indicates that both the non-selective
and COX-2 selective NSAIDs are more effective
than simple analgesics in relieving signs and
symptoms of active disease in established RA.
Among these drugs, we chose to compare the
efficacy of ketoprofen and ibuprofen in terms of
what seem to be the most clinically relevant
outcomes and because they are widely pre-
scribed to treat pain in RA patients. It is
important to consider that pain, especially in
this disease, is strongly correlated with the
inflammatory conditions.

Ketoprofen lysine salt (KLS) has been exten-
sively demonstrated to be very powerful in
controlling the inflammatory pattern in the RA
patients and thanks to its high level of liposol-
ubility [31] it is rapidly and readily distributed
into the central nervous system passing the
blood–brain barrier within 15 min, thus
inhibiting the prostaglandin synthesis at the
central level and into the joint space [9].
Moreover, in patients with RA, ketoprofen
lysine salt demonstrated to significantly
improve tenderness and to decrease the syn-
ovial prostaglandin 2 (PGE-2) levels better than
naproxen after 1 week of treatment [32].

The results showed that the effect of thera-
peutic doses of ketoprofen was much greater
than that of therapeutic doses of ibuprofen.
There was no heterogeneity in the efficacy
outcomes evaluated in the different studies,
thus guaranteeing the reliability and validity of
the results of the meta-analysis, which indicate
that ketoprofen leads to a statistically signifi-
cant greater improvement in the disease.

Moreover, it is important to point out that
the studies included in this meta-analysis are
mostly of short duration. This, however, should
not be considered as a limitation. In fact, the
main goal of RA management should be the
prevention and control of the flares that char-
acterize the disease. The symptomatic treatment
of RA with NSAIDs focuses on the decrease of

the inflammatory status and on associated
damage prevention. It is generally well estab-
lished that this is reached and visible already
after short treatments.

Although we are aware that it is very
important to select treatments on the basis of
their benefit–risk ratios, particularly in the case
of anti-inflammatory agents, we specifically
evaluated the efficacy of the therapeutic doses
recommended in clinical practice. However, we
also clinically analyzed the drugs’ safety profiles
and found that ketoprofen and ibuprofen seem
to be equally well tolerated and lead to com-
parably non-serious adverse reactions.

The efficacy and good safety profile of keto-
profen indicate that it has a better benefit–risk
ratio than ibuprofen at the recommended
doses, a finding that should be taken into
account by clinicians when dealing with RA
patients experiencing moderate-to-severe pain.

The efficacy results of the two analyzed drugs
are confirmed in more recent papers, demon-
strating that, even if dated studies were inclu-
ded, the outcomes regarding ketoprofen and
ibuprofen in RA are still relevant and up-to-
date.

Finally, it is well known that the epidemiol-
ogy of RA is more common in women than men
(3:1). The increased risk of RA in females has led
to considerable effort in examining the role of
hormonal and pregnancy factors in disease
occurrence and interestingly exogenous hor-
monal influences are implicated in disease risk.
However, to date, the comprehensive knowl-
edge of the link between sex and RA is still
partially lacking [33, 34].

Study Limitations

All of the trials included in the analysis had
methodological limitations, including unclear
or inadequate allocation concealment and the
absence of intention-to-treat (ITT) analyses.

Although it is true that they had different
treatment durations and considered different
efficacy parameters, the majority analyzed pain
outcomes. In order to limit the risk of publica-
tion bias, we did not limit the year of publica-
tion but decided to include all of the available
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trials in order to increase the validity of the
analysis. The small number of studies (which
can be considered another limitation) is due to
fact that only a few head-to-head comparative
trials have been published, and further direct
comparisons would be welcome in order to
confirm our findings.

The strengths of the meta-analysis mainly
arise from the power and homogeneity of the
statistical results, and the fact that this is the
first systematic analysis of all of the studies
directly comparing the two NSAIDs that are the
most widely used in clinical practice through-
out the world. Only in the last years has the
importance of gender in promoting an
autoimmune dysfunction been recognized [34]
such as RA. For this reason, since the studies
included in the present meta-analysis were
performed many years ago, they do not delve
into this topic.

CONCLUSIONS

The results of this meta-analysis show that
therapeutic doses of ketoprofen are more effi-
cacious than those of ibuprofen in managing
RA-related pain, thus supporting its use in
clinical practice. The strong evidence on the
efficacy outcome, accordingly to an overall
good safety profile, underlines a better bene-
fit–risk ratio for ketoprofen at the recom-
mended posology that should be taken into
account by clinicians when dealing with
patients affected by RA with moderate-to-severe
pain.
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