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The Efficacy and Safety of Diacerein in the Treatment of
Painful Osteoarthritis of the Knee

A Randomized, Multicenter, Double-Blind, Placebo-Controlled Study With
Primary End Points at Two Months After the End of a

Three-Month Treatment Period

Karel Pavelka,1 Tomáš Trč,2 Karel Karpaš,3 Petr Vı́tek,4 Marie Sedláčková,5 Věra Vlasáková,6

Jana Böhmová,7 and Jozef Rovenský8

Objective. To determine whether the efficacy of
diacerein persists at 2 months after the end of a
3-month treatment period, compared with placebo, in
patients with painful knee osteoarthritis (OA).

Methods. After a 1-week nonsteroidal antiinflam-
matory drug washout period, patients received either
diacerein or placebo for 3 months, followed by an
off-treatment period of 3 months to determine the
carryover effects of the drug. Although patients were
followed up through month 6, the primary efficacy end
point was the percent change from baseline in pain
(Western Ontario and McMaster Universities Osteoar-
thritis Index [WOMAC] A) at month 5 (i.e., 2 months
after the end of treatment) compared with placebo. The
co–primary efficacy end point was the percent change
from baseline in the total WOMAC score, also at month
5 versus placebo.

Results. Two hundred three patients were
screened, and 168 patients with painful knee OA were
randomized. One hundred sixty-five patients were ana-
lyzed in an intent-to-treat analysis. At month 5, diac-
erein showed statistically significant superiority versus
placebo as assessed with both the WOMAC A (P <
0.0001) and the total WOMAC (P < 0.0001), demon-
strating the carryover effect of the drug. This superior-
ity was already evident from month 2 for pain (P �
0.001) and month 1 for total WOMAC (P � 0.0021).
Diacerein was safe and well tolerated. No serious or
previously undocumented adverse events were observed
during the study.

Conclusion. This is the first published study of a
symptomatic slow-acting OA drug in which the time of
assessment of the primary outcome end points was 2
months after the end of a 3-month treatment period.
The results show that diacerein is safe and effective for
the treatment of knee OA and has a long carryover
effect.

Osteoarthritis (OA) is a disease affecting synovial
joints and is characterized by degradation and loss of
articular cartilage with subchondral bone remodeling,
osteophyte formation, and synovial membrane inflam-
mation (1,2). Clinical signs include fluctuating joint pain,
swelling, stiffness, and loss of mobility, which increase in
severity as the disease progresses. In the absence of a
curative agent, the main objectives of OA management
are to reduce symptoms, minimize functional disability,
and limit the progression of structural changes, with the
ultimate goal of delaying or avoiding arthroplasty.
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First-line drug therapy in OA is purely symptom-
atic, with analgesic agents and nonsteroidal antiinflam-
matory drugs (NSAIDs), including cyclooxygenase 2
(COX-2) inhibitors, being the most widely prescribed
medications. Treatment withdrawal is followed by a
rapid worsening of OA signs and symptoms, and hence
continuous long-term treatment is indicated. However,
the well-known side effect profiles of currently used
treatments, which include an increased risk of cardiovas-
cular events such as heart attacks and stroke (3), indicate
that they should be used with caution and avoided in OA
patients who have cardiovascular disease (4). There is
therefore a need for a therapeutic agent in OA that has
symptom-modifying effects, a better safety profile, and
positive (or at least no deleterious) effects on cartilage
structure (5).

The targets of therapy in OA include inflamma-
tion, cartilage breakdown, chondrocyte apoptosis, and
subchondral bone remodeling (1), and it is now widely
accepted that a common factor in these processes is the
key role played by the proinflammatory, procatabolic
cytokine interleukin-1� (IL-1�) (6–10). Diacerein, an
anthraquinone derivative, is a novel symptomatic slow-
acting OA drug; such drugs are defined as having a slow
onset of efficacy, usually after 2–4 weeks of treatment,
and a carryover effect once treatment is interrupted
(11). In vitro studies have shown that diacerein not only
inhibits IL-1� (12–14), but also stimulates the produc-
tion of cartilage growth factors such as transforming
growth factor �, even in the presence of IL-1� (15). In
animal models of OA, diacerein significantly reduced
cartilage degradation compared with findings in un-
treated animals (16,17). Since it does not inhibit prosta-
glandins (18), diacerein does not have a deleterious
effect on the upper gastrointestinal mucosa (19). In
clinical trials, it has been shown to significantly decrease
OA symptoms (20–22), and a 3-year study showed that it
had structure-modifying effects (23). The purpose of the
present study was to investigate the effects of 3-month
treatment with diacerein, compared with placebo, on
knee OA symptoms and to assess the carryover effects of
the drug during a further 3-month period after study
treatment is stopped.

PATIENTS AND METHODS

Patients. Patients were eligible for the study if they
were between 40 and 75 years of age and had tibiofemoral OA
according to the criteria of the American College of Rheuma-
tology (24), with a radiologic score of II or III on the
Kellgren/Lawrence scale (25) and a pain score of �40 mm
(100-mm visual analog scale [VAS]) on �2 items of the

Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) A pain subscale (26) (in the absence of
NSAID treatment), present for at least 15 days in the month
prior to study entry. In cases of bilateral OA, only the more
painful knee was assessed. Evidence of use of adequate
contraceptive methods was required in women of childbearing
age, and they also underwent a pregnancy test prior to
inclusion. If a patient was receiving physiotherapy, especially
quadriceps exercise, at the time of study start, no changes were
to be made in the regimen for the entire duration of partici-
pation in the study.

Exclusion criteria were secondary knee OA, accompa-
nying hip OA of sufficient severity to interfere with knee
function assessments, intraarticular treatment with any agent
(corticosteroids within 2 months prior to study start, or glycos-
aminoglycans or hyaluronic acid within 6 months prior to study
start), joint lavage or arthroscopic procedures within 6 months
prior to study start, oral treatment with a symptomatic slow-
acting OA drug (chondroitin sulfate, glucosamine sulfate,
diacerein) within 4 months prior to study start, ongoing
treatment with antidepressants or tranquilizers, primary pain-
ful inflammatory conditions of the knee (e.g., rheumatoid
arthritis, psoriatic arthropathy, pseudogout), painful knee con-
ditions other than OA (e.g., Sudeck atrophy, intraarticular
neoplasm, villonodular synovitis), rapidly destructive arthritis
or evolving arthritis for which surgery would be indicated
within the ensuing year, necrosis of one of the femoral
condyles, severe gastrointestinal disorders, persistent diarrhea
(�3 stools/24 hours) or laxative use (any laxative use had to be
stopped before inclusion in the trial), severe renal insufficiency
(serum creatinine �1.8 mg/dl or proteinuria of 2� on �1 test),
hepatic disease (transaminase levels �2.5 times the upper limit
of normal), severe obesity (body mass index �40 kg/m2),
pregnancy, lactation, participation in another clinical trial
within the 3 months prior to study start, and ascertained
hypersensitivity to diacerein, to similar compounds, to the
excipients, or to acetaminophen.

Study design. This was a randomized, double-blind,
placebo-controlled, multicenter study carried out at 7 hospital
centers in the Czech Republic and 1 in the Slovak Republic.
Written approval was obtained from the State Institute for
Drug Control of both the Czech Republic and the Slovak
Republic and independent ethics committees at each study
site. Patients provided written informed consent. The study
was conducted in accordance with the Helsinki Declaration
and subsequent revisions and with good clinical practice. A
clinical research organization was mandated to oversee the
study and perform on-site monitoring visits at regular intervals,
to ensure compliance with the study protocol and with good
clinical practice.

The study was divided into 8 visits for assessments. At
the screening visit, eligible patients were asked to undergo a
1-week NSAID washout period if they were taking NSAIDs.
Patients not taking NSAIDs at the time of screening were also
asked to return after 1 week, because this period was needed to
obtain the results of standardized radiography of the target
knee joint and approval from the central reader to include the
patient in the study.

At baseline, eligible patients were randomized at a 1:1
ratio, using a randomization list generated with validated
computer software (Rancode 3.6 Professional; IDV, Gauting,
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Germany), to receive either 50 mg diacerein capsules or
matching placebo twice daily for 3 months. This was followed
by a 3-month treatment-free observation period to assess the
carryover effects of the treatment. Visits at months 1, 2, and 3
constituted the on-treatment visits, and visits at months 4, 5,
and 6 constituted the off-treatment visits. Between visits
(weeks 2, 6, 10), the study nurse or the investigator telephoned
the patient to check on compliance and symptoms. Telephone
calls were also made at weeks 14, 18, and 22 to ensure
compliance with the followup protocol.

During the NSAID washout period and throughout the
study, patients were allowed to take 500-mg acetaminophen
tablets (maximum 3 gm per day) in case of unbearable pain
and were asked to record the number taken per day in a patient
diary. They were asked not to take any acetaminophen the
night before or on the day of the next study visit, to ensure that
their pain level would be recorded more accurately. No
NSAIDs or other pharmacologic therapy for OA symptoms
were permitted during the 3-month treatment period and the
3-month followup period. The study duration was 25 weeks for
each patient.

Diacerein was supplied as capsules for oral intake,
each containing 50 mg diacerein and excipients. The placebo
capsules were identical to the diacerein capsules in outer
appearance and appearance of the capsule contents. Masking
was further accomplished by packaging, labeling, and dispens-
ing of the test and control treatments in an identical manner.
Hence, the patients, investigators, monitors, and other person-
nel in the different centers were blinded with regard to the
treatment received by the patients. Double–data entry and
data analysis were also performed in a blinded manner.

Evaluation of efficacy. The primary, co–primary, and
secondary efficacy parameters were assessed at baseline and at
monthly intervals during the on-treatment and off-treatment
periods until the end of the study. The primary efficacy end
point was the percent change from baseline in pain as re-
corded, in section A of the WOMAC, on a VAS. The
co–primary efficacy end point (see below) was the percent
change from baseline in the total WOMAC. The secondary
efficacy variables were joint stiffness (WOMAC B), physical
function (WOMAC C), acetaminophen intake (number of
tablets taken per day), presence of effusion or swelling of soft
tissue (excluding bony enlargement), tenderness of the target
joint (VAS) assessed by palpation along the joint line, and
global efficacy assessments by the patient and the investigator,
scored by answering the question “How well do you feel the
treatment has worked thus far?” on a 4-point scale (not
effective, slightly effective, moderately effective, or very effec-
tive). The primary end point for all efficacy parameters was the
percent change from baseline at month 5 (i.e., 2 months after
the end of treatment).

Evaluation of safety. Comprehensive hematologic
measurements, clinical chemistry studies (including measure-
ments of serum glutamic oxaloacetic transaminase, serum
glutamic pyruvic transaminase, total protein, plasma sodium,
and potassium), and urinalysis (including measurements of
glucose, protein, and blood) were carried out on blood and
urine samples obtained at baseline and at the end of treatment.
All adverse events reported by the patients at study visits were
recorded. Global assessments of tolerability were made by the
patient (“How well did you tolerate the treatment?”) and the

physician (“How well do you think the patient tolerated the
treatment?”) using a 5-point scale (very bad, poor, moderate,
good, or very good).

Compliance. Compliance with the treatment regimen
was checked by counting the number of unused test drug or
placebo capsules in the blister packs returned by the patients
after each on-treatment visit. Acetaminophen intake was
checked by counting the tablets returned at each visit and
reviewing intake information recorded in the patient diaries.

Statistical analysis. The study was designed to be able
to demonstrate, if present, moderate superiority of diacerein
versus placebo, using the Mann-Whitney statistic as described
by Cohen (27), which estimates the probability that a randomly
selected patient given the test drug will respond better than a
randomly selected patient given the comparative treatment
(28). This statistic ranges from 0 to 1. A Mann-Whitney value
of 0.5 means that patients do equally well with either treat-
ment, and a value of �0.5 provides evidence of some benefit of
the test treatment; the closer the Mann-Whitney value is to 1,
the more reliable the evidence. Accepted benchmarks are as
follows: 0.5 � equality, 0.56 � small superiority, 0.64 �
moderate (medically relevant) superiority, and 0.71 � large
superiority (28). In the present study, moderate superiority
meant that a randomly selected patient in the diacerein group
had a 64% chance of showing symptomatic improvement
compared with a randomly selected patient in the placebo
group.

The study sample size was calculated a priori using the
statistical program Nnpar (IDV), based on the Wilcoxon-
Mann-Whitney test for 2 nonmatched groups for the primary
end point, WOMAC A. For a moderate difference between
the groups, i.e., a Mann-Whitney coefficient of 0.64 or a Cohen
effect size of 0.5, with a level of significance (�) of 0.05
(2-sided) and 80% power, it was determined that a sample size
of 69 patients per group was needed. Assuming a 20% dropout
rate (22), the exact sample size to be included was 168.

Double–data entry was performed in a blinded manner
by an independent statistician (MD Research, Munich, Ger-
many), using the program Report, version 6.4.12 (IDV).
Validated statistical software, Testimate 6 (IDV), was used for
the analyses and graphic representation of the data. Blinded
review of the frozen data was performed within the framework
of the International Conference on Harmonisation of Techni-
cal Requirements for Registration of Pharmaceuticals for
Human Use (ICH) guideline E9 (29) and current state-of-the-
art biometric analysis, during which it was decided to use total
WOMAC as a co–primary efficacy criterion to confirm the
trend observed with the original primary efficacy criterion.

Three populations (2 for efficacy and 1 for safety) were
analyzed. The safety population was defined as all randomized
patients who took at least 1 dose of the allocated study
treatment. The efficacy populations were the intent-to-treat
(ITT) population, which included patients in the safety popu-
lation and who had at least 1 evaluation visit after baseline and
no serious protocol deviations, and the per-protocol popula-
tion, which included patients who completed the study with no
major protocol deviations. The Wilcoxon-Mann-Whitney test
was used to test for differences between groups in the primary
and the co–primary efficacy criteria. The primary, co–primary,
and secondary efficacy criteria were assessed as the percent
change from baseline at months 5, 4, 6, and 3 (analyzed in that
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order). The use of the percent change from baseline was
indicated due to the proportional decrease in symptoms as
revealed by the blinded review analyses. Pearson’s correlation
coefficient was used to analyze the correlation between the
patient’s global efficacy assessment and primary criteria. The

experiment-wise multiple-level alpha was defined as � � 0.025
(1-sided), as required for confirmatory studies according to
ICH guideline E9 (29).

Confirmatory analysis was performed using the ITT
population, with the 1-sided Wilcoxon-Mann-Whitney test
used to test for superiority of diacerein versus placebo. Sensi-
tivity analyses of the WOMAC A and total WOMAC were
performed in the per-protocol population using the same
procedures as for the ITT population.

The medical relevance of the differences between
groups was quantified using the Mann-Whitney superiority
measure. The 1-sided 97.5% confidence interval (97.5% CI)
was used to assess the corresponding effect size (28).

RESULTS

A total of 203 patients were screened, and 168
were randomized to receive either diacerein (84 pa-
tients) or placebo (84 patients). Sixteen patients (9.5%)
withdrew from the study prematurely (8 patients in each
treatment group). Hence, 152 patients (90.5%; 76 in
each group) completed the study. The ITT analysis was
carried out on 165 patients (83 in the placebo group and
82 in the diacerein group), and the per-protocol analysis
on 162 patients (81 per group). The safety analysis was
carried out on all 168 patients. The disposition of the
patients is presented in Figure 1.

The majority of the patients were female (134
female, 34 male), with a mean � SD age of 63.8 � 8.2
years and a mean � SD weight of 80.2 � 12.4 kg. The

Figure 1. Disposition of the patients. K/L � Kellgren/Lawrence;
OA � osteoarthritis; RA � rheumatoid arthritis.

Table 1. Demographic data and other baseline characteristics of the 165 OA patients in the ITT
population, by treatment group*

Diacerein group (n � 82) Placebo group (n � 83)

Age, years 63.5 � 8.39 63.8 � 8.09
No. (%) male/female 15 (18.3)/67 (81.7) 19 (22.9)/64 (77.1)
Height, cm 166.7 � 6.5 166.2 � 9.0
Weight, kg 79.7 � 11.5 80.6 � 13.4
Body mass index, kg/m2 28.7 � 4.1 29.1 � 3.9
WOMAC A, 100-mm VAS (5 parameters) 261 � 87.3 239 � 80.2
Total WOMAC, 100-mm VAS (24 parameters) 1,251 � 421.5 1,183 � 385.6
WOMAC B, 100-mm VAS (2 parameters) 105 � 40.1 109 � 37.3
WOMAC C, 100-mm VAS (17 parameters) 886 � 311.1 836 � 288.7
Tenderness of target knee on palpation,

100-mm VAS
51 � 20.9 53 � 20.8

Acetaminophen intake, tablets/day 1.6 � 1.23 1.9 � 1.25
OA duration, years 6.87 � 6.16 6.13 � 5.61
K/L score of target knee, no.

I 1 0
II 54 48
III 27 35
IV 0 0

* Except where indicated otherwise, values are the mean � SD. There were no statistically significant
differences between treatment groups for any of the baseline parameters. OA � osteoarthritis; ITT �
intent-to-treat; WOMAC � Western Ontario and McMaster Universities OA Index; VAS � visual analog
scale; K/L � Kellgren/Lawrence.
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mean � SD duration of OA was 6.5 � 5.9 years. At
baseline, 77 patients in the diacerein group (94%) and
73 in the placebo group (88%) had bilateral knee OA.
Seventy-five percent of the patients randomized for
each treatment (63 of 84 in each group) were taking
NSAIDs. Demographic and baseline clinical charac-
teristics of patients in the ITT population are shown in
Table 1. The 2 treatment groups were similar with
regard to demographic data and baseline clinical
characteristics.

Efficacy. Diacerein showed statistically signifi-
cant superiority over placebo (P � 0.0001) for the
primary efficacy criterion, percent change in pain
(WOMAC A) from baseline to month 5, in the ITT

population (Figure 2A and Table 2). The difference
between groups was already significantly different in
favor of diacerein at month 2 (P � 0.001). While the
level of pain remained fairly stable in the placebo group
from month 2 onward, it decreased further in the
diacerein group by the end of treatment (month 3) (P �
0.0006) and persisted at this level not only at months 4
and 5 (primary time point for statistical analysis), but
also at month 6. The absolute changes in pain on a
100-mm normalized scale were 9.6, 17.2, 21.6, 22.8, 23.3,
and 22.5 mm in the diacerein group and 6.1, 8.6, 9.4,
10.1, 9.5, and 9.3 mm in the placebo group at months 1,
2, 3, 4, 5, and 6, respectively.

Figure 2B displays the Mann-Whitney statistics
for the difference in pain levels between the 2 treatment
groups. At month 1, the Mann-Whitney estimator was
0.5368, indicating noninferiority of diacerein compared
with placebo. However, since the lower bound of the
97.5% CI was 0.4493, the noninferiority could not be
statistically proven. For months 2, 3, 4, 5, and 6, the
Mann-Whitney estimators (0.6389, 0.6468, 0.6603,
0.6841, and 0.6649, respectively) showed moderate su-
periority of diacerein over placebo.

Substantiation of these results came from an
analysis of the treatment effect for pain (mean change in
diacerein group minus mean change in placebo group,
with a value of �10 mm on a 100-mm VAS being
considered clinically relevant [30]), which showed values
of 3.5, 8.6, 12.2, 12.7, 13.8, and 13.2 mm at months 1, 2,
3, 4, 5, and 6, respectively. The treatment effect of
diacerein was clinically relevant from month 3 to month
6.

The co–primary efficacy criterion, percent
change from baseline in the total WOMAC, was also
significantly different (P � 0.0001) compared with pla-
cebo at month 5; thus, both of the predetermined
primary efficacy end points for this study were met. The
difference between groups was already significant in
favor of diacerein at month 1 (P � 0.0021) and remained
significant at all subsequent assessment visits (P �
0.0001 at month 6). Moderate superiority of diacerein
was demonstrated at all time points (lower bound of
97.5% CI �0.5) (Table 2). The treatment effect analysis
for the total WOMAC showed values of 6.8, 7.5, 9.0,
11.6, 14.4, and 12.2 mm at months 1, 2, 3, 4, 5, and 6,
respectively, with a clinically relevant effect from month
4 to month 6.

Sensitivity analyses of the WOMAC A and
total WOMAC scores at month 5 in the per-protocol
population confirmed the ITT results (data not
shown). There were also significant differences be-

Figure 2. A, Percent change from baseline to months 1, 2, 3, 4, 5, and
6 in the level of pain, assessed with the Western Ontario and
McMaster Universities Osteoarthritis Index, after treatment with
diacerein (open bars) or placebo (shaded bars) (intent-to-treat popu-
lation). Values are the mean and SD. B, Univariate Mann-Whitney
statistic for the difference in the level of pain in the diacerein group
versus the placebo group. Bars show the lower bound of the 97.5%
confidence interval (missing values were replaced by the last observa-
tion carried forward). A Mann-Whitney statistic of 0.5 indicates
equality, 0.56 indicates a small degree of superiority, 0.64 indicates
moderate (medically relevant) superiority, and 0.71 indicates a high
degree of superiority (28).
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tween groups for most of the secondary efficacy
criteria in the ITT population. Tenderness on joint
palpation decreased significantly in the diacerein
group, compared with placebo, at month 5 (P �
0.0001), with a significant difference from month 1
(P � 0.0004) to month 6 (P � 0.0001). Acetamino-
phen intake was similar in both groups during the
treatment period but was significantly lower in the
diacerein group during the followup period (P �
0.0181, P � 0.0018, and P � 0.0124 at months 4, 5, and
6, respectively) (Table 2). Patients’ global efficacy
assessments favored diacerein from month 3 onward,
with significant differences between treatment groups

(P � 0.0001) from month 4 onward. Physicians’ global
efficacy assessments showed a similar trend, being
significant in favor of diacerein at months 4 (P �
0.0001), 5 (P � 0.0001), and 6 (P � 0.0001).

Responder rates in each treatment group were
calculated according to the Outcome Measures in Rheu-
matology Clinical Trials–Osteoarthritis Research Soci-
ety International proposed set of responder criteria (31).
P values for the difference between groups were calcu-
lated using 2 � 2 table analysis and applying the
unconditional exact test using the Röhmel-Mansmann
procedure. The percentage of responders was signifi-
cantly greater in the diacerein group than in the placebo

Table 2. Efficacy parameters in the diacerein and placebo groups (intent-to-treat population) at each assessment time point*

Diacerein group
(n � 82)

Placebo group
(n � 83)

Mann-Whitney
statistic

Lower bound of
97.5% CI P

WOMAC A
Baseline 261 � 87.3 239 � 80.2 – – –
Month 1 213 � 91.2 208 � 95.5 0.5368 0.4493 0.2071
Month 2 174 � 109.3 196 � 100.1 0.6389 0.5501 0.001
Month 3 153 � 103.9 191 � 112.2 0.6468 0.5579 0.0006
Month 4 146 � 103.7 188 � 107.2 0.6603 0.5712 0.0002
Month 5 144 � 105.7 191 � 108.3 0.6841 0.5944 �0.0001
Month 6 148 � 109.8 192 � 113.1 0.6649 0.5757 0.0001

WOMAC B
Baseline 105 � 40.1 109 � 37.3 – – –
Month 1 93 � 46.8 100 � 44.8 0.5289 0.4416 0.2604
Month 2 80 � 45.3 88 � 43.5 0.5370 0.4495 0.2602
Month 3 75 � 47.6 85 � 48.9 0.5482 0.4605 0.1425
Month 4 68 � 47.7 89 � 49.0 0.6222 0.5336 0.0034
Month 5 64 � 45.8 95 � 48.8 0.6978 0.6074 �0.001
Month 6 67 � 46.8 88 � 51.4 0.6316 0.5428 0.0017

WOMAC C
Baseline 886 � 311.1 836 � 288.7 – – –
Month 1 710 � 331.3 803 � 322.3 0.5684 0.6577 0.0002
Month 2 647 � 387.4 730 � 352.7 0.5553 0.6443 0.0007
Month 3 606 � 368.8 706 � 385.3 0.5250 0.6132 0.006
Month 4 553 � 371.0 701 � 372.8 0.5753 0.6645 0.0001
Month 5 526 � 359.8 725 � 373.4 0.6176 0.7080 �0.0001
Month 6 544 � 366.1 705 � 392.1 0.5864 0.6759 �0.0001

Total WOMAC
Baseline 1,251 � 421.5 1,183 � 385.6 – – –
Month 1 1,015 � 453.9 1,112 � 437.8 0.6293 0.5406 0.0021
Month 2 902 � 528.3 1,013 � 479.4 0.6345 0.5458 0.0014
Month 3 834 � 507.5 982 � 530.1 0.6176 0.5293 0.0045
Month 4 768 � 511.1 978 � 515.7 0.6621 0.5278 0.0002
Month 5 733 � 498.9 1,011 � 513.7 0.7080 0.6175 �0.0001
Month 6 759 � 511.3 985 � 546.8 0.6734 0.5839 �0.0001

Acetaminophen consumption
Baseline 1.6 � 1.23 1.9 � 1.25 – – –
Month 1 1.3 � 1.20 1.5 � 1.50 0.4983 0.4118 0.5151
Month 2 1.3 � 1.01 1.4 � 1.41 0.4976 0.4115 0.5217
Month 3 1.3 � 1.18 1.4 � 1.36 0.5043 0.4179 0.4611
Month 4 1.1 � 1.23 1.5 � 1.32 0.5937 0.5073 0.0181
Month 5 1.0 � 1.11 1.5 � 1.34 0.6310 0.5445 0.0018
Month 6 1.0 � 1.07 1.5 � 1.35 0.6012 0.5141 0.0124

* Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) values are the mean � SD mm (100-mm visual analog scale).
Acetaminophen consumption values are the mean � SD number of tablets per day. 97.5% CI � 97.5% confidence interval.

4060 PAVELKA ET AL



group at all time points (Figure 3). A treatment effect
(i.e., the difference between responder rates) of 18.9%
at month 3 and 30.1% at month 6 in favor of diacerein
was detected. The response to placebo in this study was
notably high, but is consistent with data obtained in
previous clinical studies (31).

Safety. No serious or unexpected adverse events
were observed in either group during the study. Sixty of
the 168 randomized patients (35.7%) experienced ad-
verse events. Fifty-two adverse events were reported in
36 patients in the diacerein group, compared with 32 in
24 patients in the placebo group. The most frequently
reported events with diacerein were loose stools (12
patients [14.3%]) and diarrhea (13 patients [15.5%])
(compared with 7 patients [8.3%] reporting loose stools
and 7 reporting diarrhea in the placebo group). These
effects were mostly classified as “mild” by the patients.
Seven patients (3 in the diacerein grouped and 4 in the
placebo group) dropped out of the study as a result of
adverse events. Although the incidence of adverse
events was higher in the group treated with diacerein,
the difference was not statistically significant.

Laboratory safety analyses (blood and urine
tests) did not show any significant treatment-related or
clinically relevant changes. None of the patients, even

those with bowel changes, developed hypokalemia dur-
ing treatment. More than 90% of the patients in the
diacerein group judged tolerability to be good to very
good during the treatment period, compared with �94%
in the placebo group; the global assessment of tolerabil-
ity by the investigators was similar.

DISCUSSION

This study was designed to assess the safety,
efficacy, and carryover effects of 3-month treatment with
diacerein, with the primary efficacy time point at 2
months after treatment discontinuation (i.e., month 5).
Both the primary efficacy parameter and the co–primary
efficacy parameter showed a significant difference be-
tween diacerein and placebo at month 5, demonstrating
the carryover effects of the drug and confirming its
classification as a symptomatic slow-acting OA drug
(32). The effect of diacerein on pain was significantly
greater than that of placebo in both the ITT and
per-protocol populations from month 2 (P � 0.001)
onward in the ITT population and from month 1 (P �
0.0008) onward in the per-protocol population. Results
for the total WOMAC showed a similar trend, but
diacerein was significantly different from placebo from
month 1 onward in both the ITT and per-protocol
populations (P � 0.0021 and P � 0.0011, respectively, at
month 1). Most of the secondary efficacy parameters
exhibited a similar trend with the exception of the
WOMAC B, but this subscale has been shown to lack
sensitivity (33). It is reassuring that the finding of
efficacy of diacerein at 2 months after the end of
treatment was supported by similar results during the
active treatment period.

The results of our study confirm previous findings
that diacerein is an effective treatment for OA symp-
toms (20,22,34). In a placebo- and NSAID-controlled
study of patients with hip OA, with a treatment duration
of 2 months (20), pain on movement (VAS) decreased in
the diacerein-alone group, with the difference from
placebo reaching statistical significance at week 6 (P �
0.008) and at week 8 (P � 0.025). Functional impairment
also improved significantly compared with that in the
placebo group at week 6 (P � 0.031) and at week 8 (P �
0.030). There were no significant differences between
the effects of the NSAID and those of diacerein at the
end of the study, although the plateau of efficacy of
diacerein had not been reached at 2 months. In another
placebo-controlled, dose-finding study, in which patients
with knee OA were treated for 4 months (22), diacerein
100 mg/day showed a significant difference from placebo

Figure 3. Percentage responders to treatment in the diacerein group
and the placebo group, according to the Outcome Measures in
Rheumatology Clinical Trials–Osteoarthritis Research Society Inter-
national proposed set of responder criteria, i.e., high (�50%) improve-
ment in pain or function and absolute change of �20 on the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC),
or satisfying at least 2 of the following criteria: 1) reduction of �20% and
absolute change of �10 on the WOMAC A, 2) reduction of �20%
and absolute change of �10 on the WOMAC C, 3) reduction of
�20% and absolute change of �10 in the patient’s assessment global
efficacy (31).
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in its effect on pain (VAS) and total WOMAC from
week 4 through the end of the study.

However, no symptomatic efficacy was observed
in the 3-year Evaluation of the Chondromodulating
Effect of Diacerein in Osteoarthritis of the Hip
(ECHODIAH) study (23), which showed that diacerein
significantly slowed cartilage degradation in the per-
protocol patients. This was because the ECHODIAH
was designed as a study of structure-modification, with
knee joint space narrowing as the primary efficacy
criterion. It was not designed to assess significant differ-
ences in OA symptoms among diacerein-treated versus
placebo-treated patients; hence, no minimum level of
pain was specified for inclusion in the study. In addition,
there was no requirement for patients taking analgesic
or antiinflammatory medications to discontinue the
use of these medications before study visits, and this
may have biased the results. Patients’ perception of
pain may have altered during the course of this
long-term study due to response shift (35), which
could be another confounding factor. However, post
hoc analysis of covariance showed a significant differ-
ence between the diacerein-treated group and placebo
group in the Lequesne index (P � 0.05), and a
near-significant P value (0.06) for pain on movement
measured by VAS.

In a Cochrane review of 7 randomized controlled
trials involving 2,069 patients, it was concluded that
diacerein had a small, consistent benefit on pain in OA
(36). Another recent meta-analysis, which included 19
randomized controlled trials and 2,637 patients, pro-
vided evidence of significant superiority of diacerein
over placebo, and equality with NSAIDs, for improve-
ment in pain and function during the active treatment
period in patients with hip and/or knee OA (37). More-
over, diacerein was superior to placebo and NSAIDs
during the followup period, with an NSAID-sparing
effect.

The carryover effect of diacerein observed in our
study has also been demonstrated in other studies,
versus placebo (21) and versus NSAIDs (38), with a
concomitant reduction in the intake of escape medica-
tion during this period. This contrasts with the carryover
effect observed with NSAIDs, where OA symptoms
quickly return once treatment is stopped. The persis-
tence of the beneficial effects after diacerein treatment
is interrupted suggests that treatment cycles could be
initiated. This could help reduce the xenobiotic load on
OA patients, who are usually prescribed several drugs
for concomitant diseases. However, as was shown in the
3-year ECHODIAH (23), long-term diacerein treatment

significantly slowed cartilage degradation compared with
placebo.

Diacerein was globally well tolerated in our
study. The most frequently reported events in the diac-
erein group were loose stools (14.3%) and diarrhea
(15.5%), which are known drug class events with this
product. These events mostly occurred during the first 2
weeks of treatment, were mostly mild in intensity (2–3
episodes of loose stools or diarrhea per day), and
resulted in only 3 patients from this group (3.6%)
dropping out of the study. Fluid replacement was not
required for any patient, and hypokalemia did not occur.
No upper gastrointestinal tract events such as gastric or
duodenal ulcers were reported in the diacerein group
during the 3-month treatment period, and none of the
study patients spontaneously reported urine discolora-
tion.

In NSAID-controlled studies, although the
NSAID had an earlier onset of efficacy, the effect with
diacerein was similar after 1 month, with a better safety
profile (34). Therefore, given current concerns about the
safety of NSAIDs and COX-2 inhibitors, diacerein could
be safely used instead of these drugs in the treatment of
OA, especially in elderly patients who cannot take
NSAIDs and COX-2 inhibitors. In addition, since diac-
erein is a symptomatic slow-acting OA drug, it could
be safely combined with an NSAID or a COX-2
inhibitor during the first few weeks of treatment for
earlier symptomatic relief, as previously demonstrated
(20,21). Because diacerein does not inhibit COX and
prostaglandin synthesis, it does not cause gastrotoxi-
city; on the contrary, it might prevent NSAID-induced
gastrotoxicity, as demonstrated in an endoscopy study
(19).

In conclusion, the findings of this study indicate
that diacerein is an effective treatment for symptomatic
knee OA. In addition, it has a long carryover effect and
an acceptable safety profile.
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Acquisition of data. Pavelka, Trč, Karpaš, Vı́tek, Sedláčková, Vlasá-
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