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Abstract The aim of this study was to compare the effi-
cacy and safety of an oral enzyme-rutosid combination
(ERC) containing rutosid and the enzymes bromelain
and trypsin, with that of diclofenac in patients with
osteoarthritis (OA) of the knee. A total of 103 patients
presenting with painful episodes of OA of the knee were
treated for 6 weeks in two study centers in a randomized,
double-blind, parallel group trial. Altogether, 52 pa-
tients were treated in the ERC group and 51 patients
were treated in the diclofenac group. Primary efficacy
criteria were Lequesne’s Algofunctional Index (LFI) and
a ‘complaint index’, including pain at rest, pain on
motion and restricted function. The efficacy criteria were
analyzed by applying the Wilcoxon-Mann-Whitney test
that provides the Mann—Whitney estimator (MW) as a
measure of relevance. Non-inferiority was considered to
be proven if the lower bound of the 97.5% one-sided
confidence interval (CI-LB) was higher than MW =0.36
(benchmark of not yet relevant inferiority). Both treat-
ments resulted in clear improvements. Within the 6-week
observation period, the mean value of the LFI decreased
from 13.0 to 9.4 in the ERC group and from 12.5 to
94 in the diclofenac group. Non-inferiority of ERC
was demonstrated by both primary criteria, LFI
MW =0.5305; CI-LB=0.4171) and complaint index
(MW =0.5434; CI-LB=0.4296). Considerable improve-
ments were also seen in secondary efficacy criteria, with
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a slight tendency towards superiority of ERC. The glo-
bal judgment of efficacy by physician resulted in at least
good ratings for 51.4% of the ERC patients, and for
37.2% of the diclofenac patients. In the majority of
patients tolerability was judged in both drug groups as
very good or good. The current study indicates that
ERC can be considered as an effective and safe alter-
native to NSAIDs such as diclofenac in the treatment of
painful episodes of OA of the knee. Placebo-controlled
studies are now needed to confirm these results.
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Introduction

Osteoarthritis (OA) of the knee is a common joint dis-
order causing pain and disability of varying severity. An
inflammation component in OA is established [1; 2]
Standard therapy for patients presenting with painful
episodes are mnon-steroidal anti-inflammatory drugs
(NSAIDs). NSAID belong to the group of rapid-onset
symptom-modifying drugs, and are widely prescribed as
a basic therapy for relief of symptoms, although they do
not modify the disease itself. The maximum efficacy of
NSAIDs is usually reached within 2 weeks. Their pro-
longed or repeated use is often associated with an in-
creased risk of gastric and duodenal ulcers and upper
gastrointestinal perforation and bleeding [3, 4]. Out of
the many NSAIDs available, diclofenac is one of the
most commonly used as it is regarded as one of the
better tolerated NSAIDs [5].

Other therapies combining anti-inflammatory and
pain-reducing efficacy in patients with painful episodes
of OA of the knee are definitely of interest, the more so if
they offer a better risk:benefit ratio. This is the case for



an orally applied enzyme-rutosid combination (ERC)
Phlogenzym, (Mucos Pharma, Geretsried, Germany)
containing rutosid and the plant cysteine endoproteinase
bromelain (EC 3.4.22.32) and the animal serine endo-
_ proteinase trypsin (EC 3.4.21.4). In a large epidemio-
logical cohort study [6] the drug was shown to be
superior to NSAIDs in patients with OA.

Bromelain, trypsin and rutosid are absorbed in the
upper intestine. The enzymes are bound to antiprotein-
ases. Bromelain lowers bradykinin. Trypsin enhances
- fibrinolysis, and together both enzymes lower the pro-
inflammatory cytokines (ie. TNF-¢, IL-1, IFN-y).
Rutosid is a flavonoid compound which inhibits
hyaluronidase in connective tissues, the blockage of
ATPases, phospholipases, cyclo-oxygenases and lipo-
oxygenases, thus providing an additional edema-pro-
tective effect. Rutin also has anti oxidative properties.
Rutosid is immediately metabolized to its active
metabolites homovanillic acid (HVA) and 3,4-dihydr-
oxy-phenyl-acetic-acid (DOPAC). Rutosid and its
primary metabolites reduce the production of cytokine
IL-1pand TNF-«. The combination of both serin- and
cystein-proteases is logical, as the different enzymes do
have different substrate specificities. The mechanism of
action of enzymes is not fully understood, but there is a
variety of effects which are thought to contribute to their
clinical efficacy, such as antiedematous effects and effects
on antiproteinases and op-macroglobulin. In the context
of osteoarthritis effects on cytokines may be of special
interest. Bromelain is the enzyme for which most data
are available. Pharmacological investigations in animals
have proved no toxic, teratogenic or mutagenic charac-
teristics for the test drug ERC after a single, multiple or
long-term intake [7, 8].

The aim of this clinical study was to determine whe-
ther the effectiveness described for diclofenac in patients
with OA of the knee suffering from a disease flare could
also be achieved with ERC.

Materials and methods

A total of 96 male and female outpatients suffering from
radiologically confirmed OA of the knee with a disease
flare in one knee joint (target joint) were planned to be
included at two clinical centers in Pakistan. The main
inclusion criterion was a Lequesne’s Functional Index
(LFI) score 210. Subjects pretreated for OA within 2
weeks prior to baseline, with rheumatoid arthritis or
diseases causing secondary arthritis, were excluded. Also
excluded were patients having had systemic or intra-
articular treatment with corticosteroids within the pre-
vious 2 months.

The study was approved by the Hospitals’ Institu-
tional Review Board and written informed consent was
obtained from all participants prior to entering the
study. The study was performed according to the
guidelines of Good Clinical Practice and the Declaration
of Helsinki.
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Each active enteric-coated enzyme tablet of ERC
(Phlogenzym; Mucos Pharma, Geretsried, Germany)
contained bromelain 90 mg, trypsin 48 mg and rutosid
100 mg. Each active enteric-coated diclofenac tablet
(Duravolten, Durachemie, Wolfsrathausen, Germany)
contained 50 mg of diclofenac sodium. ERC was
administered thrice daily, diclofenac twice daily. The
dose of diclofenac was chosen to minimize adverse ef-
fects and the risk to patients [9]. One treatment group
received ERC active and diclofenac placebo, and the
other group received ERC placebo and diclofenac active
(double dummy technique). Treatment compliance was
checked at each visit by pill counting.

Study design and outcome variables

In accordance with published recommendations and the
typical duration of other OA studies, the study was de-
signed as a double-blind, randomized, active compara-
tor-controlled trial with 6 weeks of treatment [10, 11].
Examinations were performed at baseline, and at
scheduled office visits at weeks 2, 4, and 6.

Primary efficacy criteria were Lequesne’s Algofunc-
tional Index (LFI) [12] and a complaint index including
pain at rest and on motion, as well as restricted function.
Each of the three domains of the complaint index was
rated on a visual analog scale (VAS) ranging from 0
(best) to 10 (worst). The complaint index was calculated
as the sum of the three judgments (range 0-30). Sec-
ondary efficacy criteria were judgment of disability on a
5-point categorical scale ranging from 1 (light) to §
(unbearable), judgment of therapy result by the patient
on a 7-point categorical scale ranging from 1 (much
better) to 7 (much worse), pain-free range of joint mo-
tion (angle in degrees); and circumference (cm) of the
affected knee. Also a global judgment of efficacy by
physician and patient was assessed with a 5-point cate-
gorical scale ranging from 1 (very good) to 5 (poor).

Safety measurements included the reporting of ad-
verse events and a global judgment of safety by both
patient and investigator, again on a 5-point categorical
scale ranging from 1 (very good) to 5 (poor). Laboratory
samples (hematology, biochemistry) were taken at
baseline and at the end of the study.

Statistical methods

A test for non-inferiority was performed by applying the
Wilcoxon-Mann-Whitney test, providing the Mann~
Whitney estimator as a measure of relevance. The
interpretation of the Mann-Whitney statistic (MW) is:
0.50=no difference; 0.44 // 0.56=small difference;
0.36 // 0.64=medium difference; 0.29 // 0.71= large
difference [13].

The analyses were performed as one-sided tests with
97.5% confidence intervals. Non-inferiority was con-
sidered to be proven if the lower bound of the confidence
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interval was higher than MW =0.36 (benchmark of not
yet relevant inferiority). Data analyses were carried out
based on the ITT and the per protocol population (PP).
According to the principle of a priori ordered hypothe-
" ses, four hypotheses were tested with full level alpha
(«=0.025, one-sided):

— First hypothesis: test for non-inferiority of ERC vs.
diclofenac (LFI; ITT Population);

— Second hypothesis: test for non-inferiority of ERC vs.
diclofenac (complaint index); ITT population

— Third hypothesis: test for non-inferiority of ERC
vs. diclofenac (LFI); PP population

— Fourth hypothesis: test for non-inferiority of ERC vs.
diclofenac (complaint index); PP population.

Secondary criteria were evaluated in a descriptive
manner. Missing values were substituted by the last
value carried forward technique. Continuous data were
evaluated as percentage change from baseline at week 6,
categorical data as found at week 6.

Results

The first patient was included in February 1999, and the
last patient finished the study in June 2000. Out of 116
randomized patients (ERC 56/diclofenac 60) 103 pa-
tients were treated with the study medication (ERC 51/
diclofenac 51). The ITT population included 98 patients
(ERC 46/diclofencac 52). A total of 56 patients (ERC
24/diclofenac 32) was evaluated in the PP population.
Comparison of baseline demographic and other baseline
characteristics did not reveal relevant differences be-
tween the two treatment groups (Table 1). A total of 20
patients (ERC 10/diclofenac 10) discontinued the study
prematurely (Table 2). About half of the study partici-
pants received physical therapy during the study, such as
massage, isometric quadriceps exercise or underwater
treatment, equally distributed between the two groups.

Efficacy results are presented for the ITT population.
Within the 6~week observation period, the mean value of
the LFI decreased from 13.0 to 9.4 in the ERC group
(mean decrease 26.3%) and from 12.5 to 9.4 in the
diclofenac group (mean decrease 23.6%) (Fig. 1). Non-
inferiority of ERC was demonstrated (MW =0.5305;
CI-LB=0.4171). In the same period the mean complaint
index decreased from 4.9 to 3.5 in the ERC group (mean
decrease 30.2%) and from 4.9 to 3.6 in the diclofenac
group (mean decrease 26.6%) (Fig. 2). Again, non-
inferiority of ERC could be demonstrated
(MW =0.5434; CI-LB=0.4296). The results of the ITT
analyses are supported by those of the PP analyses
(Fig. 3).

Until week 6, the patients of both treatment groups
(ITT) experienced considerable improvements concern-
ing the secondary efficacy criteria pain at rest (median
decrease: ERC: 41.0%/diclofenac: 22.5%; MW =0.5601,
CI-LB=0.4328) and pain on motion (median decrease

Table 1 Demographic and disease characteristics at baseline (ITT
population)

Variable ERC group Diclofenac
(n=46) group
. (n=252)
Demography
Age, mean (years/SD) 57.2/9.66 56.0/10.19
Sex, male/female 14/32 14/38
Weight, mean (kg/SD) 76.2/20.34 75.2/12.25
Height, mean (cm/SD) 163.4/10.01 163.3/8.67
Disease-related criteria
Affected side: right sidef 24/20/2 20/31/1
left side/both sides
{no. of patients)
Cause: degenerative/ 42/4/0 48/4/0
traumatic/other
Duration of complaints, 52.5/48.57 48.9/49.78
mean (months [SD)
Efficacy criteria
LFI (points /SD) 13.0/2.78 12.5/2.53
Pain at rest (cm VAS/SD) 2.7/1.80 2.6/2.00
Pain on motion 6.7/1.57 6.7/1.25
(cm VAS/SD)
Function restricted 5.3/1.45 5.3/1.62
(cm VAS/SD)
Angle painfree motion 118.1/13.72 115.7/17.53
(degrees/SD)
Circumference target 40.7/4.80 40.7/3.97
sjoint (cm/SD)
Circumference (cm/SD) 40.3/4.95 40.2/4.07
contralateral joint
Table 2 Study termination; ITT population
Reason ERC Diclofenac
According to protocol 36 (78.3%) 42 (80.8%)
Due to insufficient efficacy 2 (4.4%) 2 (3.9%)
Due to adverse event (AE) 4 (8.7%) 1 (1.9%)
Due to insufficient efficacy and AE 1 (2.2%) 2 (3.9%)
Withdrawal of consent 12.2%) 1(1.9%)
Lost to follow-up 1(2.2%) 4 (7.1%)
Others 1(2.2%) 0 (0.0%)
Valid no. 46 52

in both groups 28.6%; MW =0.5079, CI-LB =0.3941).
For the criterion restricted function a median decrease
of 10.0% was found in the ERC group, but there was no
median decrease in the diclofenac group (MW =0.5256;
CI-LB=0.4149). According to the investigators’ judg-
ment the handicap concerning the affected knee at week
6 was at least bearable in 84.5% of patients in the ERC
group, compared to 80.8% in the diclofenac group
(MW =0.5483; CI-LB=0.4436). At week 6 the thera-
peutic result was rated “much better” by 24.4% of the
ERC patients and by 19.2% of the diclofenac patients
(MW =0.5667; CI-LB=0.4547). The global judgment of
efficacy by physician resulted in at least “good” ratings
in 51.4% of the ERC patients and 37.2% of the dic-
lofenac patients (MW =0.5619; CI-LB=0.4456). A
similar result was found for the global judgment of
efficacy by patients (MW =0.5682; CI-LB=10.4453).
Concerning pain-free range of joint motion of the
affected knee median changes from baseline were not
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Fig. 1 Index of severity for knee osteoporosis (LFI), means and
standard deviations, missing values replaced by LVCF

detected in any of the groups. For joint circumference of
the more affected knee only minimal medium decreases
were found in the ERC group (1.2%) and there was no
median decrease in the diclofenac group.

The number of patients with adverse events did not
differ substantially between treatment groups (ERC 14/
51, 27.5%; diclofenac 12/52, 23.1%). No serious ad-
verse event occurred in this study. There were no
considerable group differences to be found concerning
the number of patients with related adverse events. The
most often reported related adverse events were diar-
thea (ERC: 7/51, 13.7%; diclofenac: 7/52, 13.5%). In
the ERC group five patients terminated the study early
owing to adverse events (Table 2). In each case the
event was of moderate severity, and in 4 patients was
described as (possibly) related to the test drug. One

Complaint Index
.
i

T T 1 T
admission weok 2 waeck 4 waek 6

Phlogenzym Diclofenac

Fig. 2 Complaint Index: pain at rest and in motion; restricted
function (VAS; cm), means and standard deviations, missing values
replaced by LYCF

patient reported diarrhea, edema and breathing diffi-
culties after 2 weeks in the study, one patient reported
epigastric burning after 1 week, one patient reported
dryness of mouth, loss of appetite and heart sensations
after 1 week, one patient reported numbness in the
mouth and muscle spasms in the lumbosacral region
after 1 week, and one patient reported hypopigmenta-
tion, rashes and acne after 5 weeks. The blind was not
broken in any of these cases,

The counting of normal and abnormal laboratory
values did not indicate any remarkable differences be-
tween the treatment groups, yet there were decreases in
medians of SGOT, SGPT and y-GT in the ERC group
and increases in the diclofenac group.

Judgment on safety by investigator and by patient did
not reveal noteworthy group differences. Safety was

Fig, 3 Efficacy criteria: LFY and 1.0
Complaint Index (ITT and PP); * .
percentage change from 0.9 ~ Superiority of group Phlogenzym
baseline; LVFC, at week 6; 0.8 -
Mann-Whitney statistic and g v
confidence interval for £ 07—
equivalence (97.5% CI, s .. . 5
one-sided) > U 5
E 05 2
z : - =
£ 04
o
é 0.3~
0.2
01 —
0.0 superiority of group Diclofenac
T ] T T
Lequesne's complaint Lequesne's complaint
index index index index
ITT ITT PP PP
1st 2nd 3rd 4th
hypotheses

0,29/ 0.71 = large difference; 0.36 / 0.64 = medium sized diffarence; 0,44 / 0,56 = small difference; 0.5 = equal
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judged as ‘very good’ or ‘good’ by most of the patients
(ERC 33/37, 89.2%; diclofenac: 37/43, 86.0%) and
physicians (ERC 32/38, 84.2%; diclofenac 37/43,
86.0%).

Discussion

In this randomized double-blind study all three domains
— pain, function and global assessment by physician and
patient — were covered, in accordance with recent rec-
ommendations for the evaluation of response in clinical
trials on OA [14]. The LFI was used as a well-established
tool for assessing efficacy in trials of QA of the knee.
Our study supports the hypothesis that in patients suf-
fering from a disease flare of OA of the knee with acute
pain, ERC is equally efficacious to diclofenac. Equal
efficacy was proven for all primary criteria, and thus was
well established across a broad range of parameters
assessing pain and function.

In this respect, the results obtained from this study
confirm those observed in other trials [15, 16, 17] also
demonstrating the efficacy of ERC in the treatment of
painful episodes of OA of the knee. A large epidemio-
logical cohort study gave evidence that in patients with
rheumatic joint diseases, an even higher success rate of
ERC treatment can be expected in total when compared
with NSAIDs (mainly diclofenac) at comparable base-
line and treatment situations [6].

Our study has a potential limitation in the fact that
placebo control is lacking. We felt that for the first such
trial in our country a comparison against a well-estab-
lished standard such as diclofenac should be the initial
step. External validation can be done by comparing the
changes in efficacy parameters in our study with pub-
lished data for similar studies with NSAIDs where a
good agreement is observed. The fact that equal efficacy
was proven for a broad range of parameters assessing
pain and function speaks against a predominance of
psychosomatic factors biasing the results obtained.
Nevertheless, it is evident that a placebo-controlled trial
is required. Such a trial may also address the question of
longer treatment times, eventually evaluating an on-de-
mand treatment regimen. The results from this epide-
miological study indicate that ERC exhibits better safety
and tolerability than NSAIDs. In our trial, in contrast to

other similar studies, we found no difference in the .

safety/tolerability profile of the two treatments. In par-
ticular, the GI safety profile of both treatments did not
differ substantially in the current study. One must bear
in mind that with a power of 95% one would need 300
patients in order to observe one adverse event that oc-
curs with a probability of 1% and 600 patients for ad-
verse events that occurs with a probability of 0.5%.
Thus, our study was not designed to demonstrate the
superiority of ERC concerning gastrointestinal compli-
cations. Nevertheless, our study showed a trend towards
an increase in liver enzymes under diclofenac therapy,
which was not observed under ERC.

In summary, the current study is in line with other
published data establishing that ERC is equally effective
as NSAIDs in the treatment of painful OA with a dis-
ease flare. Onset of efficacy may be slower but the pa-
tients may profit from its well-known superior safety
and tolerability profile. Thus ERC emerge as an alter-
native in the standard of care for OA, allowing more
patients to be treated for longer periods without the
inherent toxicities of NSAIDs.
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