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Evaluation of the Structure-Modifying Effects of Diacerein in
Hip Osteoarthritis

ECHODIAH, a Three-Year, Placebo-Controlled Trial

Maxime Dougados,1 Minh Nguyen,1 Laurent Berdah,2 Bernard Maziéres,3 Eric Vignon,4

and Michel Lequesne,5 for the ECHODIAH Investigators Study Group

Objective. To evaluate the ability of diacerein, an
interleukin-1b inhibitor, to slow the progressive de-
crease in joint space width observed in patients with hip
osteoarthritis (OA).

Methods. In this randomized, double-blind,
placebo-controlled 3-year study, 507 patients with pri-
mary OA of the hip (by the American College of
Rheumatology criteria) received diacerein (50 mg twice
a day) or placebo. The minimal hip joint space width
was measured by a central reader on yearly pelvic
radiographs, using a 0.1-mm–graduated magnifying
glass.

Results. Baseline characteristics were comparable
in the 2 treatment groups (255 patients receiving diac-
erein, 252 receiving placebo); 238 patients (47%) discon-
tinued the study, mainly because of adverse events in the
diacerein group (25% versus 12% with placebo) and
because of inefficacy in the placebo group (14% versus
7% with diacerein). The percentage of patients with
radiographic progression, defined by a joint space loss
of at least 0.5 mm, was significantly lower in patients
receiving diacerein than in patients receiving placebo,
both in the intent-to-treat analysis and in the completer
analysis (50.7% versus 60.4% [P 5 0.036] and 47.3%

versus 62.3% [P 5 0.007], respectively). In those pa-
tients who completed 3 years of treatment, the rate of
joint space narrowing was significantly lower with diac-
erein (mean 6 SD 0.18 6 0.25 mm/year versus 0.23 6
0.23 mm/year with placebo; P 5 0.042). Diacerein had
no evident effect on the symptoms of OA in this study.
However, a post hoc covariate analysis that took into
account the use of analgesics and antiinflammatory
drugs showed an effect of diacerein on the Lequesne
functional index. Diacerein was well tolerated during
the 3-year study. The most frequent adverse events were
transient changes in bowel habits.

Conclusion. This study confirms previous clinical
findings indicating that the demonstration of a
structure-modifying effect in hip OA is feasible, and
shows, for the first time, that treatment with diacerein
for 3 years has a significant structure-modifying effect
as compared with placebo, coupled with a good safety
profile. The clinical relevance of these findings requires
further investigation.

Osteoarthritis (OA) is the most prevalent and
costly joint disease in older adults (1). In white adult
populations ages 60 years and older, the prevalence of
hip OA ranges from 17% in men to 9% in women (1,2).
Hip OA is a major cause of morbidity, often resulting in
a requirement for total hip replacement (THR) in
30–50% of patients after 10 years of the disease (3,4).
Recent economic studies have evaluated the total cost
per patient-year of OA in the US, with estimates ranging
from $543 to $2,827, accounting for 5% of total
insurance-plan expenses (5). The largest component of
the total cost is hospital care (46%), mostly due to
admission for THR (6).

Several approaches to the medical treatment of
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hip OA have been investigated, including nondrug and
drug therapies (7). Of these medical treatments, nonste-
roidal antiinflammatory drugs (NSAIDs) have been
largely recommended by clinicians for the control of OA
because they provide relief of mild-to-moderate symp-
toms; nevertheless, major gastrointestinal (GI) compli-
cations may occur with NSAIDs, especially in elderly
patients (8). Moreover, the structural effect of such
therapy in hip OA is not widely recognized; several
observations have even suggested a deleterious effect
on cartilage (9,10). Alternative medical therapies are
currently being developed on the basis of a better
understanding of the regulation of cartilage metabolism.
Much of the attention is focused on identifying the
agents responsible for the initial occurrence of matrix
degradation. Current knowledge clearly indicates the
involvement of matrix metalloproteases. Other data
strongly support the evidence that cytokines, such as
interleukin-1b (IL-1b) and perhaps tumor necrosis fac-
tor a, represent major catabolic systems that constitute
the in situ source of the degradation of the articular
tissue (11). In animal models, it has been shown that
blocking IL-1 or its activity is very effective in the
prevention of cartilage destruction (11).

Diacerein, a purified compound with anthraqui-
nonic structure, has been shown to inhibit, in vitro (12)
and in vivo (13), the production and activity of IL-1 and
the secretion of metalloproteases (14), without affecting
the synthesis of prostaglandins (15). In several animal
models, diacerein has shown beneficial effects on carti-
lage by preventing or reducing the macroscopic and
microscopic lesions of the joint tissue (16–18). Further-
more, in several clinical trials of 2–6 months’ duration,
diacerein significantly reduced, as compared with pla-
cebo, the pain and functional impairment in patients
with hip or knee OA (19–21).

In order to investigate the potential structure-
modifying effect of diacerein in OA, we carried out a
3-year, randomized, double-blind, placebo-controlled,
multicenter clinical trial in patients with hip OA.

PATIENTS AND METHODS

Patients. Outpatients fulfilling the American College
of Rheumatology criteria for the diagnosis of hip OA (22) were
recruited for the study via 26 rheumatology departments in
France. The clinical criteria for inclusion were the presence of
symptomatic disease, as defined by the presence of daily hip
pain for at least 1 month during the past 2 months and a
Lequesne algofunctional index of at least 3 points (23). The
radiographic criterion for inclusion was a joint space width
(JSW) between 1 mm and 3 mm. If the JSW exceeded 3 mm,

it had to be at least 0.5 mm thinner than the JSW of the
contralateral hip, measured at its narrowest point. The radio-
graphic evidence of hip OA, the radiographic eligibility crite-
ria, and the quality of the radiographic films were verified by a
central reader (MN) before inclusion of a patient in the study.

The main criteria for exclusion were evidence of
secondary hip OA (possibly due to injury, inflammatory or
metabolic rheumatic disease, osteonecrosis, Paget’s disease of
bone, or hemophilia), medial femoral head migration, intraar-
ticular injection or arthroscopy or corrective surgery of the hip
joint during the 3 months prior to inclusion in the study, and
total replacement of the contralateral hip joint ,6 months
prior to inclusion.

Study design. This prospective, multicenter, random-
ized, double-blind, 3-year, placebo-controlled study was con-
ducted in accordance with the Declaration of Helsinki (1964)
and its revision (1975), and was approved by the Institutional
Review Board of the Cochin Hospital (Paris, France). Patients
entered the study after reading and signing an informed
consent form.

Drug administration and compliance. The patients
were randomly assigned to receive one undistinguishable cap-
sule of either placebo or diacerein at a dosage of 50 mg twice
daily. The centralized allocation schedule was prepared using a
blocked randomization technique (blocking factor of 4). Com-
pliance with the study treatment was evaluated at each clinic
visit by counting the number of capsules and empty treatment
boxes returned by the patient, as well as by direct patient
interviewing.

The patients were allowed to take analgesics and/or
NSAIDs as rescue medication. However, before each clinic
visit, they were required to undergo a 3-day and/or a 7-day
washout period, respectively. Any systemic or intraarticular
corticosteroid as well as other potential symptom-modifying
drugs for OA were not allowed during the study. All treat-
ments were recorded in the case report form at each clinic visit,
throughout the study.

Evaluation of efficacy. Structural outcome measure. The
structure of the OA hip was evaluated by radiography once a
year and, according to the study protocol, at the time of
withdrawal from the study. Pelvic radiographs were obtained
with patients placed in a weight-bearing position and standing
at 1 meter from the x-ray source, with a 20° internal foot
rotation (24).

At the end of the study, each pelvic film was divided in
2 parts to permit the separate evaluation of each hip (the hip
being evaluated, or “signal” hip, and the contralateral hip). All
the films corresponding to either hip (signal or contralateral)
of a patient were placed side-by-side on a light-box. The joint
space was measured by one observer (the central reading
expert radiologist [ML]) who was unaware of the patient’s
identity, study drug, signal hip, and sequence of the radio-
graphs. The central reader determined the location of the
narrowest point of the JSW (minimal JSW) on the radiographs
of a given hip, then transferred this point to the other films of
the set being measured. In cases in which no evidence of
localized narrowing of the joint space could be detected on any
film of the set, the upper point of the acetabular roof was
evaluated. The anatomic limits for the measurement of the
JSW were the bone contour of the femoral head and that of the
acetabular roof, both of which were marked with a short stroke
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of a dedicated pencil. Finally, the distance between these limits
was measured using a 0.1-mm–graduated magnifying glass.
The intraobserver reproducibility of this technique was con-
sidered to be acceptable (intraclass coefficient of correlation
0.963) (25). The measurement of the joint space was per-
formed on all available radiographs; measurements obtained
from radiographs taken right before a patient underwent
surgery for THR were considered as “end-of-study data” and
were analyzed in the same way as those obtained throughout
the study.

Symptomatic outcome measures. At each 3-month–
interval clinic visit, the functional impairment was evaluated by
using the Lequesne index, which assesses a patient’s function
based on his or her responses to a questionnaire on daily
activities during the previous week, with scores ranging from 0
to 24 (23). Pain in the joint was measured using a 100-mm
visual analog scale, which assessed the pain occurring after
physical activities during the previous week.

The consumption of the allowed rescue therapy (i.e.,
analgesics, NSAIDs) was evaluated by calculating the percent-
age of days between 2 clinic visits requiring such therapy.
Moreover, the requirement for total replacement of the signal
hip joint was recorded.

Evaluation of safety. At each clinic visit, the investiga-
tors evaluated the safety parameters. In addition, at the time of
entry in the study and at month 6, as well as years 1, 2, and 3,
blood samples were collected to evaluate biologic parameters
as well as liver and kidney function. Finally, the overall
assessment of the safety of the study treatment, by the
investigator and by the patient, was recorded.

Statistical analysis. It was calculated that the inclusion
of 250 patients per treatment group would be sufficient to
demonstrate a difference in the progression of the joint space
narrowing (JSN), with an a risk of 0.05 and a power of at least
0.90 (by 2-tailed testing). This calculation took into account an
expected dropout rate of 10–15% per year.

In accordance with the International Conference on
Harmonisation guidelines, the Scientific Committee of the
Evaluation of the Chondromodulating Effect of Diacerein in
OA of the Hip (ECHODIAH) study defined, in the study
protocol, the primary populations to be analyzed: the intent-
to-treat (ITT) population, which comprised all patients enter-
ing the study and having at least 1 pelvic radiograph obtained
during treatment, and the completer population, comprising
all patients receiving the study drug for a period of at least 34
months. Therefore, this analysis did not take into account the
patients who withdrew from the study after baseline but did
not undergo any further radiologic evaluation. For this reason,
this analysis is referred to as the “modified” ITT analysis.

The primary efficacy end point of the study was the
radiographic progression of OA, assessed by measuring the
change in the minimal JSW of the signal hip. This end point
was then expressed as the proportion of patients with radio-
graphic worsening, defined by a decrease in joint space (i.e.,
JSN) of at least 0.5 mm during the study period. This threshold
of 0.5 mm was determined from the results of a pilot study
conducted in 30 patients; it corresponds to the lowest differ-
ence in JSW exceeding the measurement error and represents
an actual radiographic progression (26,27). The progression
was calculated in the 2 study groups by using the Kaplan-Meier
technique, in which the event was defined by the first JSN of at

least 0.5 mm observed during the study, as compared with the
baseline JSW (28). The 2 survival curves obtained with this
approach were then compared using the log rank test. The
primary efficacy end point was also expressed as the magnitude
of the narrowing of the joint, expressed as the JSN rate (in
mm/year) between baseline and the end of the study. Due to
the non-normal distribution of the radiographic variables,
nonparametric tests were used and the results were expressed
as the mean, SD, and median.

The changes in symptomatic outcome variables (pain
and functional disability) in the treatment groups were com-
pared by using analysis of variance, in both the ITT and the
completer populations. The incidence of THR in the random-
ized population was evaluated using the Kaplan-Meier tech-
nique, in which the requirement for a surgical intervention for
hip replacement defined the event. The analysis included the
events occurring during the effective treatment period, plus a
period of 3 months after treatment discontinuation. The 2
treatment groups were compared using the log rank test.
Safety parameters were evaluated in all of the patients receiv-
ing the study treatment.

All analyses were performed using SAS (release 6.12;
SAS Institute, Cary, NC) with PS/OS2. The level of signifi-
cance was set at 0.05 by 2-tailed test for comparison with
placebo.

RESULTS

Patients. Of 673 screened patients, 521 were
considered eligible for the study and were randomized to
receive treatment (Figure 1). The most frequent reason
for noninclusion was either the lack of radiographic
evidence of hip OA or an advanced disease with a JSW
smaller than 1 mm at the narrowest point. Of these 521
patients, 14 who fulfilled the exclusion criteria did not
receive any study treatment and were considered not
qualified for the study. Therefore, a total of 507 patients
received the study treatment. At the end of the 3 years,
124 of the 255 patients in the diacerein group (49%) and

Figure 1. Screening of patients and study course in the Evaluation of
the Chondromodulating Effect of Diacerein in Osteoarthritis of the
Hip clinical trial.
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114 of the 252 patients in the placebo group (45%) had
discontinued the treatment. The main reasons for dis-
continuation of the study treatment were adverse events
in the diacerein group (25% as compared with 12% in
the placebo group) and inefficacy in the placebo group
(14% as compared with 7% in the diacerein group)
(Table 1).

During the 3 years of the study, one radiographic
evaluation under treatment was obtained for 446 pa-
tients (221 in the diacerein group and 225 in the placebo
group); therefore, these patients formed the modified
ITT population. A total of 269 patients (131 in the
diacerein group and 138 in the placebo group) formed
the completer population. A total replacement of the
signal hip was performed in 87 patients (37 in the
diacerein group and 50 in the placebo group; a preop-
erative radiograph was available for 31 and 44 of these
patients, respectively).

The main baseline characteristics of the 507
patients are summarized in Table 2. The only difference
between the 2 groups of patients concerned the local-
ization of femoral head migration, which was more
frequently located in the superolateral region of the hip
in the diacerein group. A comparison of the baseline
characteristics between completers and dropout patients
(noncompleters) showed the presence of a more symp-
tomatic and structurally severe OA at study entry in the
noncompleter population (P , 0.001), as indicated by
the levels of pain (41 6 2 mm versus 49 6 2 mm), the
Lequesne functional index (7.2 6 2.3 versus 8.5 6 2.7),
and JSW (2.4 6 0.8 mm versus 2.1 6 0.9 mm) in those
who completed treatment compared with those who
dropped out.

Compliance with the study treatment, evaluated
by direct count, was satisfactory (i.e., .80%) in both
treatment groups, but was slightly higher in the placebo
group (94%, as compared with 91% in the diacerein
group).

Efficacy. Radiographic criteria. The occurrence of
radiographic progression (i.e., JSN) of at least 0.5 mm
during the study was significantly lower and occurred
later in the diacerein group as compared with the
placebo group. This was observed in the modified ITT
population (112 of 221 patients [50.7%] with diacerein
versus 136 of 225 patients [60.4%] with placebo; P 5
0.036 by log rank test), as well as in the completer
population (62 of 131 patients [47.3%] with diacerein
versus 86 of 138 patients [62.3%] with placebo; P 5
0.007 by log rank test) (Figures 2 and 3). In the modified
ITT population, this difference between the placebo
group and the diacerein group was progressively larger
during the study and reached statistical significance at
the end of the third year. The cumulative rates in the
patients with a radiographic progression of 0.5 mm were
29.2% with diacerein and 35.7% with placebo at the end
of the first year, and 42.5% with diacerein and 50.2%
with placebo at the end of the second year.

In the completer population, the mean values of
the annual JSN rate were lower in the diacerein group
(mean 6 SD 0.18 6 0.25 mm/year) as compared with the
placebo group (0.23 6 0.23 mm/year) (P 5 0.042). The
median values of the JSN rate during the study, as
compared with baseline, suggest that the annual progres-

Table 1. Withdrawals in the two treatment groups*

Placebo
(n 5 252)

Diacerein
(n 5 255)

Total withdrawals 114 (45.2) 124 (48.6)
Reason for withdrawal

Adverse events 29 (11.5) 65 (25.4)
THR 36 (14.3) 31 (12.2)
Inefficacy 35 (13.9) 17 (6.7)
Consent to withdrawal 10 (4.0) 10 (3.9)
Other 4 (1.6) 1 (0.4)

* Values are the number (%) of patients. THR 5 total hip replace-
ment.

Table 2. Baseline characteristics of the 507 randomized and treated
patients with hip osteoarthritis (OA), by treatment group

Characteristic

Treatment group

Placebo
(n 5 252)

Diacerein
(n 5 255)

Age, mean 6 SD years 62.1 6 7.0 63.0 6 6.7
Sex, % male 41 39
Body mass index, mean 6 SD kg/m2 25.6 6 3.5 26.0 6 3.5
Disease duration, mean 6 SD years 4.7 6 4.6 5.0 6 5.3
Hip OA localization, % patients

Superolateral 48 53
Superomedial 24 19
Concentric 10 6
No joint space narrowing 18 22

Symptomatic severity
Pain score on visual analog scale,

mean 6 SD mm
46 6 19 44 6 21

Functional impairment by
Lequesne index, mean 6 SD

score

7.8 6 2.5 7.9 6 2.6

Patient’s assessment on Likert
scale, % patients

None 2 2
Mild 22 21
Moderate 54 49
Severe 21 26
Very severe 1 2

Structural severity by joint space
width, mean 6 SD mm

2.25 6 0.85 2.33 6 0.85
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sion was stable in the placebo group (0.19 mm/year, each
year), whereas it progressively declined in the diacerein
group (0.18 mm/year at the end of the first year, 0.14
mm/year at the end of the second year, and 0.13
mm/year at the end of the third year). The difference in
the median values of annual JSN rates between the 2
groups during the third year of the study can be inter-
preted as a sparing effect of 32% obtained with the
diacerein treatment, as compared with placebo. In the
analysis of the ITT population, the mean (6SD) values
of the JSN rate were 0.39 6 0.81 mm/year in the placebo
group (n 5 225) versus 0.39 6 0.75 mm/year in the
diacerein group (n 5 221). The median values of the
JSN rate were 0.23 mm/year in the placebo group versus
0.19 mm/year in the diacerein group. This difference did
not reach statistical significance.

Symptomatic efficacy criteria. In terms of symp-
tomatic outcome measures, the results showed a signif-
icant improvement from baseline in the clinical symp-
toms in both treatment groups. However, no statistically
significant difference between groups was observed in
the ITT or completer populations (Table 3). Similarly,
no difference was observed in the consumption of analge-
sics and NSAIDs. Nevertheless, a post hoc exploratory
analysis of covariance (using, as covariates, the baseline
values of the measurements, the duration of treatment
administration, and the consumption of analgesics and
NSAIDs) showed the presence of beneficial effects on
the Lequesne index (P , 0.05) and on the pain levels
(P 5 0.063) due to treatment with diacerein.

Requirement for total hip replacement. THR of the
signal hip during the study and during the 3 months

following discontinuation of the study treatment was
performed in 87 patients: 37 in the diacerein group
(14.5%) and 50 in the placebo group (19.8%). The
comparison of the survival curves of the 2 groups showed
a trend in favor of the diacerein treatment that did not
reach statistical significance (P 5 0.286 by log rank test).

Safety. The number of patients experiencing any
adverse event was significantly different between treat-
ment groups: 95% in the diacerein group versus 84% in
the placebo group (P 5 0.001). Most of these events
were mild-to-moderate in intensity. Table 4 summarizes
the most commonly observed adverse events.

Diarrhea was the most frequent side effect (46%
in the diacerein group versus 12% in the placebo group;
P 5 0.001). The severity of diarrhea was mild-to-
moderate in both groups (76% with diacerein and 78%
with placebo); nevertheless, diarrhea caused discontin-
uation of the treatment more frequently in the diacerein
group (12% versus 2% in the placebo group). Diarrhea
while on treatment with diacerein usually occurred
within the first 2 weeks (mean delay 8.5 days). There was
no difference between diacerein and placebo in terms of
upper GI symptoms.

The most frequent urinary event with diacerein
was a discoloration of urine, which was of no clinical
significance. Several events in the skin and appendages
system (pruritus, rash, eczema) occurred more fre-
quently in the diacerein group. No clinically relevant
differences were observed between the diacerein and
placebo groups with regard to vital signs and laboratory
analyses (blood and urine). The overall tolerability
assessment during the study was rated as “good or

Figure 3. Proportion of patients in the completer population without
radiologic progression (i.e., a change in minimal joint space width $0.5
mm) during the study. The 2 time-to-event curves (obtained according
to the method of Kaplan and Meier) were compared using the log rank
test.

Figure 2. Proportion of patients in the intent-to-treat population with
at least 2 radiographs without radiologic progression (i.e., a change in
joint space width $0.5 mm) during the study. The 2 time-to-event
curves (obtained according to the method of Kaplan and Meier) were
compared using the log rank test.
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excellent” by 81–93% of the patients in the diacerein
group and by 95–99% in the placebo group.

DISCUSSION

This 3-year, placebo-controlled study expands
our knowledge on the natural evolution of hip OA and
shows that the long-term daily intake of diacerein slows
the progression of JSN in hip OA.

Pain severity and the development of severe
disability are important outcome measures in OA. How-
ever, it seems reasonable to use surrogates, such as
radiographically assessable changes, to monitor disease
progression in OA. There is good evidence that by
favorably modifying the natural history of OA in terms
of structural changes, long-term clinical benefit will
occur in a large proportion of patients (29). For the
evaluation of the potential structure-modifying effect of
a drug, various scientific societies (29–31) recommend
the use of change in minimal JSW as a radiographic
variable for the assessment of progression. This para-
meter was the primary end point of the ECHODIAH
study. In this study, the hip films were obtained using a

standardized procedure, with the patients in standing
position. Other studies have been conducted evaluating
the hip JSW by using supine radiography (32,33). How-
ever, recent clinical trials other than ECHODIAH have
also been conducted using standing radiographs (34).
Moreover, recent data suggest a lack of influence, or
merely a weak influence, of the patient’s positioning on
the radiologic evaluation of hip JSW (25). Finally, the
standing radiography method is the one recommended
by the Task Force of the Osteoarthritis Research Society
International (30).

The clinical relevance of radiographic progres-
sion is best expressed by presenting the results on an
individual basis, that is, by calculating the percentage of
patients with a relevant JSN progression during the
study. There are no available data that propose a precise
value for the change in minimal JSW that would define
a structural change and reflect a “clinically relevant”
progression. Therefore, we used a cutoff value that was
defined from the results of previous studies and that
excludes the measurement error due to the technique.
This cutoff was based on the evaluation of reproducibil-
ity (as recommended by Bland and Altman [35]) and has
also been previously referred to as the minimum indi-
vidual difference (36) or as the smallest detectable
difference (37). Based on the above evidence, the Sci-
entific Committee of the ECHODIAH study concluded
that a change in the minimal JSW of at least 0.5 mm,
measured with this technique, would indeed represent a
“relevant” structural progression.

In accordance with the recommendations of the
World Health Organization and of the International
League Against Rheumatism, the percentage of patients
with a relevant progression was calculated by taking into
account all of the pelvic radiographs available during the
study and using the time-to-event analysis in which the
event was defined by the occurrence of a joint space loss
of at least 0.5 mm (28). This analysis demonstrated a

Table 3. Changes from baseline in symptomatic outcome measures during the 3 years of treatment in
patients with hip osteoarthritis receiving either placebo or diacerein (100 mg daily)

Parameter

Intent-to-treat analysis Completer analysis

Placebo
(n 5 247)

Diacerein
(n 5 246)

Placebo
(n 5 138)

Diacerein
(n 5 131)

Pain (100-mm visual analog scale)
Mean 6 SD 23.0 6 29.9 23.0 6 30.2 210.7 6 29.1 26.6 6 30.1
Median 22.0 25.0 214.0 29.0

Function (Lequesne index)
Mean 6 SD 20.5 6 4.2 20.5 6 4.0 21.5 6 4.2 21.2 6 4.1
Median 20.5 21.0 21.5 21.5

Table 4. Most commonly observed adverse events during the 3 years
of the study in patients with hip osteoarthritis receiving either placebo
or diacerein (100 mg daily)*

Adverse event

Treatment group

P†
Placebo

(n 5 252)
Diacerein
(n 5 255)

Skin and appendage disorders 16 (6) 31 (12) 0.024
Rash or pruritus 7 (3) 17 (7)

Gastrointestinal disorders 115 (46) 185 (73) 0.001
Diarrhea 31 (12) 117 (46)
Dyspepsia 17 (7) 11 (4)

Urinary system disorders 31 (12) 104 (41) 0.001
Discoloration of urine 6 (2) 79 (31)

* Values are the number (%) of patients.
† Statistical significance determined by the Mann-Whitney U test.
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statistically significant difference in favor of treatment
with diacerein as compared with placebo in the modified
ITT as well as in the completer populations.

A statistically significant effect of the treatment
was only observed in the completer population, when the
analysis focused on the changes in JSW regressed in
mm/year. Indeed, the comparison of the baseline char-
acteristics of the patients who completed the 3 years of
the trial (completers) with those of the dropouts (non-
completers) showed that the patients who had to discon-
tinue the study treatment had a more severe OA at study
entry and a more rapid progression. In the modified ITT
analysis, this baseline difference between completers
and dropout patients may lead to an inaccurate calcula-
tion of the annual JSN rate of the dropouts. For
example, for a patient who lost 0.4 mm of JSW (a
reduction within the range of measurement error) dur-
ing a 3-month period before withdrawal, an erroneous
annual JSN rate of 1.2 mm/year would be attributed by
using a “last observation carried forward” approach. On
the other hand, the approach is justified for the patients
who completed the 3-year study (completer population).

It has to be pointed out that the evidence of a
difference in disease severity between the dropouts and
completers should not be viewed as a potential bias for
the interpretation of the primary results, since this
difference was observed in both treatment groups, for
patients who left the study for inefficacy, and in view of
surgery for THR. Furthermore, a radiograph was ob-
tained before withdrawal in the majority (75%) of the
dropouts and the joint space of the dropouts was mea-
sured and analyzed in the same way as that of the
patients who completed the study.

The dropout rate observed during ECHODIAH
was within the expected range and is consistent with the
rates observed in OA trials of similar duration, such as
the “Link” study of tiaprofenic acid (10) with a dropout
rate of 54% over 3 years, the 2-year study of diclofenac
which had a dropout rate of 43% (38), and the study of
naproxen and acetaminophen with a dropout rate of
65% over 2 years (39).

Another finding of ECHODIAH that needs to be
addressed concerns the effects of the study treatment on
the clinical symptoms. No significant differences were
found between groups, although beneficial effects of
diacerein on pain and functional impairment of OA have
been previously established in several placebo-
controlled trials (19–21). However, the results observed
in ECHODIAH should not be regarded as surprising,
due to the characteristics of the patients and the design
of the trial. The patients in this 3-year structural trial had

lower baseline levels of pain and functional impairment
than did those of patients included in previous short-
term (12–24 weeks) studies evaluating the symptomatic
effects of diacerein. Moreover, during the 3 years of
ECHODIAH, symptomatic rescue treatments, such as
analgesics and/or NSAIDs, were permitted and in 41%
of the patients, the scheduled washout period for these
drugs before the clinic visits was not rigorously observed.
The persistence of the effects of these concomitant
treatments may prevent the clear demonstration of a
symptomatic effect of diacerein. However, the post hoc
analysis of covariance that took into account these
confounding factors revealed the presence of the bene-
ficial effects of diacerein on symptoms.

The requirement for joint replacement can be
considered as a potential outcome measure. The impor-
tance of this criterion for the evaluation of the clinical
relevance of structure-modifying drugs for OA has been
previously suggested (40). In the ECHODIAH study,
the risk of a requirement for hip replacement surgery
was 19.8% in the placebo group versus 14.5% in the
diacerein group. This difference did not reach statistical
significance. THR is not yet generally accepted as an
outcome measure, due to the wide differences in local
health strategies and clinical indications. Therefore,
before any definite conclusion, further studies are nec-
essary in order to evaluate both the clinical relevance of
such outcome measures and the minimum intergroup
difference that would be considered clinically relevant.

The results of ECHODIAH regarding the effec-
tiveness of diacerein must be considered together with
the safety profile of the product that was observed
during this 3-year study. The reported adverse events
were as expected, since they were not different from
those observed during previous clinical trials with diac-
erein. The side effects were mostly related to changes in
bowel habits resulting in diarrhea, abdominal pain, and
soft stools (41). The discoloration of the urine was also
an expected phenomenon during treatment, due to the
urinary elimination of a metabolite of diacerein, and this
was without clinical significance. In the end, this long-
term study confirms the good safety profile of diacerein,
on the upper GI tract in particular, that has been
previously shown in several short-term clinical studies.

In conclusion, the ECHODIAH study permitted
us to appreciate previously unknown aspects of the
design of clinical trials for the investigation of structure-
modifying treatments. Furthermore, the study showed
that diacerein can slow the progressive decrease in joint
space in patients with hip OA, with a good safety profile
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over the long term. Future studies will improve the
understanding of the clinical relevance of these results.

ACKNOWLEDGMENTS

We are indebted to Professor Bernard Bannwarth for
his assistance as chairman of the safety monitoring committee,
and to Dr. J. F. Dreyfus and Professor Mounir Mesbah for
their advice in the statistical analysis. Finally, we thank Drs.
Diego Provvedini and Alain Taccoen for their critical review of
the manuscript.

REFERENCES

1. Lawrence RC, Helmick CG, Arnett FC, Deyo RA, Felson DT,
Giannini EH, et al. Estimates of the prevalence of arthritis and
selected musculoskeletal disorders in the United States. Arthritis
Rheum 1998;41:778–99.

2. Gabriel SE. Update on the epidemiology of the rheumatic dis-
eases. Curr Opinion Rheum 1996;8:96–100.

3. Ledingham J, Dawson S, Preston B, Milligan G, Doherty M.
Radiographic progression of hospital referred osteoarthritis of the
hip. Ann Rheum Dis 1993;52:263–7.

4. Vinciguera C, Gueguen A, Revel M, Heuleu JN, Amor B,
Dougados M. Predictors of the need for total hip replacement in
patients with osteoarthritis of the hip. Rev Rhum (Engl Ed)
1995;62:563–70.

5. McLean CH, Knight K, Paulus H, Brook RH, Shekelle PG. Costs
attributable to osteoarthritis. J Rheumatol 1998;25:2213–8.

6. Lanes SF, Lanza LL, Radensky PW, Yood RA, Meenan RF,
Walker AM, et al. Resource utilization and cost of care for
rheumatoid arthritis and osteoarthritis in a managed care setting.
Arthritis Rheum 1997;40:1475–81.

7. Hochberg MC, Altman RD, Brandt KD, Clark BM, Dieppe PA,
Griffin MR, et al. Guidelines for the medical management of
osteoarthritis. Part I. Osteoarthritis of the hip. Arthritis Rheum
1995;38:1535–40.

8. Brooks PM, Day RO. Nonsteroidal anti-inflammatory drugs—
differences and similarities. N Engl J Med 1991;324:1716–25.

9. Rashad S, Revell P, Hemingway A, Low F, Rainsford K, Walker F.
Effect of non-steroidal anti-inflammatory drugs on the course of
osteoarthritis. Lancet 1989;II:519–22.

10. Huskisson EC, Berry H, Gishen P, Jubb RW, Whitehead J. Effects
of antiinflammatory drugs on the progression of osteoarthritis of
the knee. J Rheumatol 1995;22:1941–6.

11. Van de Loo FA, Joosten LA, van Lent PL, Arntz OJ, Van den
Berg WB. Role of interleukin-1, tumor necrosis factor alpha, and
interleukin-6 in cartilage proteoglycan metabolism and destruc-
tion: effect of in situ blocking in murine antigen- and zymosan-
induced arthritis. Arthritis Rheum 1995;38:164–72.

12. Martel-Pelletier J, Mineau F, Jolicoeur FC, Cloutier JM, Pelletier
JP. In vitro effects of diacerhein and rhein on interleukin-1 and
tumor necrosis factor-alpha systems in human osteoarthritis syno-
vium and chondrocytes. J Rheumatol 1998;25:753–62.

13. Moore AR, Greenslade KJ, Alam CAS, Willoughby DA. Effects of
diacerhein on granuloma induced cartilage breakdown in the
mouse. Osteoarthritis Cartilage 1998;6:19–23.

14. Boittin M, Redini F, Loyau G, Pujol JP. Matrix deposition and
collagenase release in cultures of rabbit articular chondrocytes
exposed to diacethylrhein. Osteoarthritis Cartilage 1993;1:39–40.

15. Pelletier JP, Mineau F, Fernandes JC, Duval N, Martel-Pelletier J.
Diacerhein and rhein reduce the interleukin 1b stimulated induc-
ible nitric oxide synthesis level and activity while stimulating

cyclooxygenase-2 synthesis in human osteoarthritic chondrocytes.
J Rheumatol 1998;25:2417–24.

16. Mazieres B. Diacerhein in a post-contusive model of osteoarthri-
tis: structural results with “prophylactic” and “curative” regimens
[abstract]. Osteoarthritis Cartilage 1997;5(Suppl A):73.

17. Smith GN, Myers SL, Brandt KD, Mickler EA, Albrecht ME.
Diacerhein treatment reduces the severity of osteoarthritis in the
canine cruciate-deficiency model of osteoarthritis. Arthritis
Rheum 1999;42:545–54.

18. Bendele AM, Bendele RA, Hulman JF, Swann BP. Beneficial
effects of treatment with diacerhein in guinea pigs with osteoar-
thritis. Rev Prat 1996;46:35–9.

19. Nguyen M, Dougados M, Berdah L, Amor B. Diacerhein in the
treatment of osteoarthritis of the hip. Arthritis Rheum 1994;37:
529–36.

20. Lequesne M, Berdah L, Gerentes I. Efficacy and tolerance of
diacerhein in the treatment of gonarthrosis and coxarthrosis. Rev
Prat 1998;48:31–5.

21. Pelletier JP, Yaron M, Haraoui B, Cohen P, Nahir M, Choquette
D, et al. Efficacy and safety of diacerein in osteoarthritis of the
knee: a double-blind placebo-controlled trial. Arthritis Rheum
2000;43:2339–48.

22. Altman R, Alarcon G, Appelrouth D, Bloch D, Borenstein D,
Brandt K, et al. The American College of Rheumatology criteria
for the classification and reporting of osteoarthritis of the hip.
Arthritis Rheum 1991;34:505–14.

23. Lequesne M, Mery C, Samson M, Gerard P. Indexes of severity for
osteoarthritis of the hip and knee. Scand J Rheumatol 1987;65:
85–9.

24. Lequesne M, Quantitative measurements of joint space during
progression of osteoarthritis: “chondrometry”. In: Kuettner KE,
Goldberg VM, editors. Osteoarthritic disorders. Rosemont: Amer-
ican Academy of Orthopædic Surgeons; 1995. p. 427–44.

25. Auleley GR, Rousselin B, Ayral X, Edouard-Noël R, Dougados
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APPENDIX A: THE ECHODIAH INVESTIGATORS
STUDY GROUP

In addition to the authors, the following investigators, all in
France, also participated in the ECHODIAH study: Pierre Acquaviva
(Marseilles), Maurice Alcalay (Poitiers), Françis Blotman (Mont-
pellier), Bernard Combe (Montpellier), Joël Dehais (Bordeaux),
Bernard Delcambre (Lille), Liana Euller-Ziegler (Nice), Jean-Louis
Kuntz (Strasbourg), Bruno Larget-Piet (Creteil), Xavier Le Loet
(Rouen), Guy Llorca (Pierre-Benite), Gérard Loyau (Caen), Emman-
uel Maheu (Paris), Christian Marcelli (Cannes), Charles-Joël Menkes
(Paris), Jean-Baptiste Paolaggi (Boulogne-Billancourt), Yves
Pawlotsky (Rennes), Xavier Phelip (Grenoble), Jacques Pourel
(Vandoeuvre les Nancy), Jean-Luc Sebert (Amiens), Christian Tav-
ernier (Dijon), Richard Treves (Limoges), and Jean-Pierre Valat
(Tours).
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