-

Schweizerische Eidgenossenschaft Federal Department of Home Affairs

Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Federal Office of Public Health FOPH
Health and Accident Insurance Directorate
Section Health Technology Assessment

Health Technology Assessment (HTA)

HTA Report

Title

Chondroitin Sulfate in Osteoarthritis

Author/Affiliation

JonHenry Jacobsen, Royal Australasian College of Surgeons
Ross McLeod, eSYS Development Pty Limited

Anje Scarfe, Royal Australasian College of Surgeons

Thomas Vreugdenburg, Royal Australasian College of Surgeons

David Tivey, Royal Australasian College of Surgeons

Bundesamt fir Gesundheit

Sektion Health Technology Assessment

Schwarzenburgstrasse 157

CH-3003 Bern

Schweiz

Tel.: +41 58 462 92 30
E-mail: hta@bag.admin.ch




Technology Chondroitin sulfate

Date 30 March 2020

Type of Technology Pharmaceuticals

Keywords Cartilage, chondroitin sulfate, glycosaminoglycan, joint disease,
osteoarthritis

Conflicts of Interest

The authors have no financial, academic, personal or any other conflicts of interest to declare in relation

to this project.

Chondroitin Sulfate HTA Report 2



Executive Summary

Chondroitin sulfate (CS) is available in Switzerland through mandatory health insurance for patients
diagnosed with symptomatic osteoarthritis. The clinical effectiveness of CS, and consequently its
reimbursement status, are being reviewed considering recently published evidence. To inform the
coverage policy decision, this health technology assessment (HTA) report investigates the efficacy,
effectiveness, safety, costs and cost-utility of CS used to treat osteoarthritis in the knees, hips and

hands. Legal, social, ethical and organisational issues are also explored.

Clinical Evaluation

Safety, effectiveness and efficacy were assessed from 26 randomised controlled trials (RCTs). The
included studies are of low to moderate quality. Most reported limitation was under-reporting of study
methods. Knee is the most commonly studied indication (k = 23), followed by hand (k = 2) and hip (k
=1).

Knee Osteoarthritis

At six months, CS shows statistically significant differences to placebo in terms of pain (standardised
mean difference [SMD], -0.28, 95% CI, -0.47, -0.09, p = 0.004), Lequesne index (mean difference
[MD], -1.02, 95% Cl, -1.73, -0.31, p = 0.005) and OMERACT-OARSI responder rate (risk ratio [RR],
1.18, 95% Cl, 1.08, 1.29, p = 0.0001). The differences did not persist at later time points. The clinical
relevance of these results is unclear, owing to small effect sizes and the absence of a clearly defined
minimum clinically important difference for the Lequesne index. There is moderate heterogeneity

between studies.

Subgroup and sensitivity analyses show that studies using (i) the lowest CS dose per day (800mg),
(i) IBSA CS, or (iii) studies with unclear randomisation report higher effect sizes for pain and

Lequesne index than the overall meta-analysis results.

There is no difference in minimum joint space width between CS and placebo at 24 months. Other
outcomes such as quality of life, function and progression to joint replacement were infrequently

reported.

In terms of effectiveness, CS patients experience a slightly lower loss of medial cartilage volume at
24 months compared to patients on non-selective non-steroidal anti-inflammatory drugs (NSAID)

(6.6% + 3.3 vs 8.4% + 4.2, P = 0.02), but there is no difference in lateral cartilage volume; the

relevance of this finding is limited by the small number of participants and a lack of defined important
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differences. No other significant differences between CS, NSAIDs or paracetamol are reported for

any other effectiveness outcome at any time point.

Minor gastrointestinal-related adverse events are the most frequently reported safety concern.
However, the relative safety of CS compared to placebo, paracetamol and NSAIDs is uncertain due
to the low number of reported events in the included RCTs. Known side effects of comparator
interventions (e.g. gastrointestinal events related to NSAID use) were not captured in the included
RCTs and are therefore not reflected in this report. Safety data for CS is only available from the
identified RCTs, so an expanded analysis of safety for the comparator interventions beyond RCT

evidence was not conducted.

Hand Osteoarthritis

In only one study, pain, function and duration of morning stiffness were evaluated. Compared to
placebo the outcomes improved, but the effect sizes were small and it was unclear whether these
translate to clinically important differences. Paracetamol intake, grip strength, anatomical lesion
progression scores and withdrawal rates did not differ statistically between the two groups.

Comparative safety could not be determined due to the low number of adverse events in the study.

Hip Osteoarthritis

The only study to evaluate hip osteoarthritis found a statistically significant difference between CS
and placebo with respect to pain and Lequesne index. The size and clinical importance of this
difference is unknown due to unclear reporting of statistical methods in the study. Comparative

safety could not be determined due to the low number of adverse events.

Ongoing Clinical Trials

No ongoing clinical trials were identified. Therefore, the results of the meta-analyses are unlikely to

be affected by new information in the near future.

Costs and Cost-Effectiveness

A cost-utility analysis compares CS to placebo and cyclooxygenase-2 (COX-2) inhibitors in patients
with knee osteoarthritis. Other indications (hips and hands) are not modelled due to the absence of

available clinical data.

The incremental cost-effectiveness ratio (ICER) comparing CS to placebo is estimated to be CHF
30,451 per quality-adjusted life year (QALY) gained. Probabilistic sensitivity analysis using a
hypothetical willingness-to-pay threshold of CHF 100,000 per QALY gained is associated with a

60% probability of CS being cost effective compared to placebo. CS is also compared to COX-2

selective NSAIDs in a trial-based economic analysis. Probabilistic sensitivity analysis indicates that
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CS has a 34% probability of being superior (incremental cost <0, incremental effectiveness >0) to
COX-2 selective NSAIDs. The uncertainty in the results of both economic analyses reflects the non-

significant differences between treatments in longer-term health outcomes.
A budget impact analysis presents three scenarios of medicine substitution if CS were to be delisted:

1. The first scenario assumes 25% of current CS patients will substitute to other health
insurance provider-supported medicines for osteoarthritis (i.e. paracetamol, non-selective
NSAIDs plus proton pump inhibitors [PPIs] or COX-2 selective NSAIDs plus PPIs) in the event
of CS being delisted. This results in an initial health insurance provider saving of CHF 18.2

million per year.

2. The second scenario assumes 50% of current CS patients will substitute to other health
insurance provider-supported medicines for osteoarthritis, resulting in a saving of CHF 2.4

million per year.

3. Inthe third scenario, if 75% of current users substituted to other medicines, a net cost of CHF
13.3 million per year is estimated to be incurred. This net cost is a result of the higher cost of

non-selective NSAIDs, PPIs and COX-2 selective NSAIDs compared to CS.

These scenarios were investigated due to a lack of public data relating to price and volume

relationships between CS and other osteoarthritis medicines.

Social, Legal, Ethical, Organisational Issues

No major social, legal, ethical or organisational issues relating to CS were identified. Feedback from
Swiss patient organisations estimated that approximately 50% of those patients currently prescribed
CS may be unable or unwilling to pay out of pocket for the medication if it were to be delisted. It
would still be available to patients wishing to pay (estimated annual out-of-pocket costs range from
CHF 322 to CHF 381). Patients unable or unwilling to pay for CS will retain access to alternative

medications reimbursed through mandatory health insurance (e.g. paracetamol, ibuprofen, COX-2).

Conclusion

The clinical findings of this report are extracted from a substantial body of evidence of low to
moderate quality. Patients treated with CS report slightly greater reductions in osteoarthritic pain up
to 6 months compared to placebo, but no difference compared to NSAIDs. The relative benefits are
not demonstrated beyond 6 months. The rate of serious adverse events related to CS use is low,

noting that this estimate is based on evidence with limited sample sizes and 12 months of follow-up.

Results of the economic and budget impact analyses should be interpreted with caution given the

limitations in the evidence base and uncertainty in the findings. CS is associated with a 60%
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probability of being cost-effective compared to placebo, and a 34% probability of being superior to
COX-2 selective NSAIDs. The impact that delisting CS will have on the overall healthcare budget
depends on the number of patients that change to alternative medications reimbursed through the

mandatory health insurance.
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Syntheése

En Suisse, le sulfate de chondroitine (SC) est pris en charge par 'assurance-maladie obligatoire
pour les patients chez lesquels une arthrose symptomatique est diagnostiquée. Son efficacité
clinique et, partant, son remboursement font I'objet d’'une réévaluation a 'aune de résultats de
recherche récemment publiés. Afin d’éclairer la décision quant a la prise en charge, le présent
rapport ETS (évaluation des technologies de la santé ou health technology assessment) étudie
I'efficacité (en conditions idéales et réelles), I'innocuité, les colts et le rapport codt-utilité du SC
lorsqu’il est utilisé pour traiter I'arthrose du genou, de la hanche et de la main. |l explore également

les questions juridiques, sociales, éthiques et organisationnelles.

Evaluation clinique

L’innocuité et I'efficacité (en conditions idéales et réelles) ont été évaluées a partir de 26 essais
contrélés randomisés (ECR). Les études incluses sont de qualité faible ou moyenne. La limitation la
plus souvent constatée est une description insuffisante des méthodes employées. L’indication la plus
étudiée est I'arthrose du genou (k = 23), suivie par I'arthrose de la main (k = 2) et celle de la hanche

(k = 1).

Arthrose du genou

A six mois, le SC affiche des différences statistiquement significatives par rapport au placebo
concernant la douleur (différence moyenne standardisée [DMS], -0,28, intervalle de confiance [IC]
de 95 %, -0,47, -0,09, p = 0,004), I'indice de Lequesne (différence moyenne [DM], -1,02, IC de 95 %,
-1,73,-0,31, p = 0,005) et la proportion de patients répondeurs selon les criteres OMERACT-OARSI
(ratio de risques [RR], 1,18, IC de 95 %, 1,08, 1,29, p = 0.0001) Par la suite, les différences ne
persistent pas. La pertinence clinique de ces résultats est incertaine, étant donné les faibles tailles
d’effet et 'absence de définition claire de la différence minimale cliniquement importante pour

l'indice de Lequesne. L’hétérogénéité entre les études est moyenne.

Les analyses par sous-groupes et les analyses de sensibilité montrent que les études utilisant (i) la
plus faible dose quotidienne de SC (800 mg) ou (ii) du SC d’IBSA et (iii) celles dont la randomisation
est incertaine font état de tailles d’effet plus élevées concernant la douleur et I'indice de Lequesne

gue celles observées dans les résultats globaux de la méta-analyse.

S’agissant de la largeur minimale de I'interligne articulaire, on ne constate aucune différence entre

le SC et le placebo a 24 mois. Les autres aspects, tels que la qualité de vie, le niveau de
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fonctionnement du patient et la progression jusqu’au remplacement de I'articulation ont rarement
été décrits.

En termes d’efficacité dans des conditions réelles, la perte de volume du cartilage médian est
légérement plus faible a 24 mois chez les patients traités au SC que chez ceux prenant des AINS
(6,6 % = 3,3 contre 8,4 % + 4,2, P = 0,02), mais il n’y pas de différence dans le volume du cartilage
latéral. La pertinence de ce résultat est toutefois limitée par le petit nombre de participants et un
manque de définition des différences importantes. Pour tous les autres aspects relatifs a I'efficacité
en conditions réelles, aucune différence significative entre le SC, les AINS et le paracétamol n’est

rapportée, quel que soit le moment considéré.

S’agissant des probléemes d’innocuité, les sources mentionnent principalement des effets
indésirables mineurs sur l'appareil gastro-intestinal. Cependant, I'innocuité relative du SC par
rapport au placebo, au paracétamol et aux AINS est incertaine, en raison du faible nombre d’effets
indésirables rapportés dans les ECR inclus. Les effets secondaires connus des interventions avec
lesquelles le SC était comparé (p. ex. les effets gastro-intestinaux des AINS) n’ont pas été relevés
au cours des ECR inclus et ne sont donc pas reflétés dans le présent rapport. Comme seuls les
ECR identifiés fournissent des données sur I'innocuité du SC, il n’a pas été procédé a une analyse

d’'innocuité élargie au-dela des preuves fournies par les ECR pour les comparateurs.

Arthrose de la main

Une seule étude a évalué la douleur, le niveau de fonctionnement du patient et la durée de la raideur
matinale. Les résultats sont meilleurs qu’avec le placebo, mais les tailles d’effet sont faibles, et |l
n‘est pas certain quelles se traduisent par des différences cliniguement importantes. La
consommation de paracétamol, la force de préhension, les scores de progression des lésions
anatomiques et les taux de retrait des participants ne différent pas statistiquement entre les deux
groupes. L'innocuité comparée n’a pas pu étre déterminée, en raison du faible nombre d’effets

indésirables survenus pendant I'étude.

Arthrose de la hanche

La seule étude a évaluer I'arthrose de la hanche reléve une différence statistiquement significative
entre le SC et le placebo en ce qui concerne la douleur et l'indice de Lequesne. L’ampleur et
limportance clinique de cette différence sont inconnues, car les méthodes statistiques ne sont pas
décrites suffisamment clairement dans I'étude. L’innocuité comparée n’a pas pu étre déterminée,

en raison du faible nombre d’effets indésirables survenus.

Essais clinigues en cours
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Aucun essai clinique en cours n’a été identifié. Par conséquent, il est peu probable que les résultats

des méta-analyses soient affectés par de nouvelles informations dans un avenir proche.

Colts et rapport codt-efficacité

Une analyse co(t-utilité compare le SC au placebo et aux inhibiteurs de la cyclooxygénase-2 (COX-
2) chez les patients souffrant d’'une arthrose du genou. Les autres indications (hanche et main) ne

sont pas modélisées faute de données cliniques disponibles.

Le rapport colt-efficacité différentiel comparant le SC au placebo est estimé a 30 451 francs par
année de vie pondérée par la qualité (QALY) gagnée. Selon une analyse de sensibilité probabiliste
utilisant un seuil hypothétique de consentement a payer de 100 000 francs par QALY gagnée, la
probabilité que le SC ait un bon rapport colt-efficacité par rapport au placebo est de 60 %. Le SC
est également comparé aux AINS sélectifs de la COX-2 au moyen d’'une analyse économique
fondée sur les essais cliniques. L’analyse de sensibilité probabiliste indique que le SC a une
probabilité de 34 % d’étre meilleur (colt incrémental < 0, efficacité différentielle > 0) que les AINS
sélectifs de la COX-2. Le caractére incertain des résultats des deux analyses économiques refléte
'absence de différence significative entre les traitements s’agissant des bénéfices a long terme pour

la santé des patients.

Une analyse d’'impact budgétaire présente trois scénarios partant de I’hypothése que le SC serait

retiré de la liste des médicaments remboursables et remplacé par d’autres traitements :

1. Le premier scénario postule que 25 % des patients prenant actuellement du SC le
remplaceront par d’autres médicaments pris en charge par leur assurance-maladie pour le
traitement de l'arthrose (p. ex. le paracétamol, les AINS non sélectifs combinés aux
inhibiteurs de la pompe a protons [IPP], les AINS sélectifs de la COX-2 combinés aux IPP).
Il en résulterait une économie initiale de 18,2 millions de francs par an pour les assureurs-

maladie.

2. Le second scénario suppose que 50 % des patients concernés remplaceront le SC par
d’autres médicaments pris en charge par leur assurance-maladie, générant une économie

de 2,4 millions de francs par an.

3. Dans le troisieme scénario, 75 % des utilisateurs du SC se tournent vers d'autres
médicaments, entrainant un co(t net estimé a 13,3 millions de francs par an. En effet, les

AINS non sélectifs, les IPP et les AINS sélectifs de la COX-2 coltent plus cher que le SC.

Ces scénarios ont été étudiés en raison d’'un manque de données publiques concernant les relations

en termes de prix et de volume entre le SC et les autres médicaments contre I'arthrose.
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Questions sociales, juridiques, éthiques et organisationnelles

Aucun probléme majeur d’ordre social, juridique, éthique ou organisationnel n’a été identifié en ce
qui concerne le SC. Selon les indications des organisations de patients suisses, on peut estimer
gu’environ 50 % des patients a qui le SC est actuellement prescrit seraient susceptibles de ne pas
pouvoir ou de ne pas vouloir payer ce médicament de leur poche s’il cessait d’étre remboursé. Les
personnes disposées a payer pourraient toujours se le procurer (ce qui représenteraient pour elles
un co(t annuel estimé entre 322 et 381 francs par an). Les patients ne souhaitant pas ou ne pouvant
pas payer le SC auraient toujours acces a des médicaments alternatifs remboursés par I'assurance-

maladie obligatoire (p. ex. le paracétamol, l'ibuproféne et la COX-2).

Conclusions

Les résultats cliniques présentés dans ce rapport sont extraits d’'une quantité substantielle de
sources, dont la qualité est moyenne ou faible. Jusqu’a six mois, la réduction de la douleur liée a
l'arthrose, telle que rapportée par les patients, est Iégérement plus importante avec le SC qu’avec
le placebo. On ne constate cependant aucune différence par rapport aux AINS. Au-dela de six mois,
les bénéfices relatifs ne sont pas démontrés. Le taux d’effets indésirables liés a I'utilisation du SC
est faible, mais il faut garder a I'esprit que cette estimation repose sur des études utilisant des

échantillons de taille limitée et suivis pendant seulement 12 mois.

Les résultats des analyses économiques et d’impact budgétaire doivent étre interprétés avec
prudence étant donné les limitations des données sur lesquelles elles reposent et l'incertitude quant
aux résultats La probabilité que le SC ait un bon rapport colt-efficacité par rapport au placebo est de
60 %, celle qu’il surpasse les AINS sélectifs du COX-2 s’éleve a 34 %. L'impact du déremboursement
du SC sur les colts globaux de la santé dépendra du nombre de patients qui se tourneront vers des

médicaments alternatifs remboursés par 'assurance-maladie obligatoire.
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Zusammenfassung

Chondroitinsulfat (CS) wird in der Schweiz bei Patientinnen und Patienten, bei denen eine
symptomatische Arthrose diagnostiziert wurde, von der obligatorischen Krankenversicherung
Ubernommen. Die klinische Wirksamkeit von CS und demzufolge der Vergutung des Praparats sind
unter Berucksichtigung kirzlich veroffentlichter evidenzbasierter Erkenntnisse Uberprift worden.
Um Informationen fir die Entscheidung Uber die Vergitungsregelung bereitzustellen, wurden in
diesem Bericht zur Bewertung von Gesundheitstechnologien (HTA) die Wirksamkeit unter idealen
Bedingungen und unter Alltagsbedingungen, die Sicherheit sowie die Kosten und das Kosten-
Nutzwert-Verhaltnis von CS bei der Behandlung von Knie-, Hilft- und Handarthrose untersucht.

Zudem wurde auf rechtliche, soziale, ethische und organisatorische Probleme eingegangen.

Klinische Beurteilung

Die Sicherheit sowie die Wirksamkeit unter Alltagsbedingungen und unter idealen Bedingungen
wurden anhand von 26 randomisierten kontrollierten Studien (RKS) beurteilt. Die berlcksichtigten
Studien sind von geringer bis mittlerer Qualitét. Die am héaufigsten genannte Einschrankung in den
Studien war die unzureichende Darlegung der Studienmethoden. Das Knie war die am haufigsten

untersuchte Indikation (k = 23), gefolgt von der Hand (k = 2) und der Hufte (k = 1).

Kniearthrose

Nach sechs Monaten zeigten sich unter CS statistisch signifikante Unterschiede zu Placebo
hinsichtlich der Schmerzen (standardisierte mittlere Differenz [SMD] -0,28, 95% VI, -0,47, -0,09, p
= 0,004), des Lequesne-Index (mittlere Differenz [MD] -1,02, 95% VI, -1,73, -0,31, p = 0,005) und
der OMERACT-OARSI-Ansprechrate (relatives Risiko [RR] 1,18, 95% VI, 1,08, 1,29, p = 0,0001).
Zu spateren Zeitpunkten bestanden keine Unterschiede mehr. Die klinische Relevanz dieser
Ergebnisse ist nicht klar, da die Effektstarken klein sind und ein klar definierter klinisch bedeutsamer
Mindestunterschied fir den Lequesne-Index fehlt. Zwischen den Studien besteht eine massige

Heterogenitat.

Untergruppen- und Sensitivitdtsanalysen zeigten, dass in Studien, in denen (i) die tiefste Tagesdosis
CS (800 mg) oder (ii) IBSA CS angewandt wurde, oder in (iii) Studien mit unklarer Randomisierung
héhere Effektstarken hinsichtlich der Schmerzen und des Lequesne-Index angegeben wurden als

in den Resultaten der Metaanalyse insgesamt.
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Nach 24 Monaten war in Bezug auf die minimale Gelenkspaltbreite kein Unterschied zwischen CS
und Placebo festzustellen. Weitere Behandlungsergebnisse wie Lebensqualitat, Funktion der

Gelenke und das Fortschreiten der Krankheit bis zum Gelenkersatz, wurden selten berichtet.

Was die Wirksamkeit unter Alltagsbedingungen anbelangt, ist bei CS-Patienten im Vergleich zu
Patienten unter nichtsteroidalen Antirheumatika (NSAR) nach 24 Monaten eine etwas geringere
Abnahme des medialen Knorpelvolumens festgestellt worden (6,6% * 3,3 gegeniiber 8,4% + 4,2, P
= 0,02). Beim lateralen Knorpelvolumen liess sich jedoch kein Unterschied beobachten. Aufgrund
der geringen Teilnehmerzahl und des Fehlens von einem klar definierten klinisch bedeutsamen
Mindestunterschied ist dieses Resultat nur von beschrénkter Relevanz. In Bezug auf andere
Behandlungsergebnisse, welche die Wirksamkeit unter Alltagsbedingungen betreffen, wurde zu
keinem Zeitpunkt Uber weitere signifikante Unterschiede zwischen CS, NSAR oder Paracetamol

berichtet.

Hinsichtlich der Sicherheit wurden am haufigsten leichte unerwiinschte Ereignisse genannt, die den
Magen-Darm-Trakt betrafen. Aufgrund der geringen Zahl von gemeldeten Ereignissen in den
berticksichtigten RKS ist die relative Sicherheit von CS im Vergleich zu Placebo, Paracetamol und
NSAR jedoch nicht klar. Bekannte Nebenwirkungen von Vergleichsinterventionen (z. B.
gastrointestinale Ereignisse im Zusammenhang mit der Einnahme von NSAR) wurden in den
berticksichtigten RKS nicht erfasst und kommen somit in diesem Bericht nicht zum Ausdruck. Die
Sicherheitsdaten fir CS sind nur aus den herangezogenen RKS verflgbar. Somit wurde keine
erweiterte Sicherheitsanalyse fir die Vergleichsinterventionen durchgefiihrt, die Uber die RKS-

Evidenz hinausgeht.

Handarthrose

Nur in einer Studie wurden Schmerzen, Gelenksfunktion und Dauer der Morgensteifigkeit
untersucht. Im Vergleich zu Placebo wurden bessere Behandlungsergebnisse erzielt, doch die
Effektstéarken waren gering und es war unklar, ob diese zu klinisch bedeutsamen Unterschieden
fuhren. In Bezug auf die Paracetamol-Einnahme, die Greifkraft, die Werte hinsichtlich des
Fortschreitens der anatomischen L&sion und die Ausstiegsraten waren keine statistischen
Unterschiede zwischen den beiden Gruppen festzustellen. Aufgrund der geringen Zahl von

unerwinschten Ereignissen in der Studie war kein Sicherheitsvergleich maoglich.
Huftarthrose
In der einzigen Studie zu Huftarthrose wurde in Bezug auf Schmerzen und den Lequesne-Index ein

statistisch signifikanter Unterschied zwischen CS und Placebo festgestellt. Das Ausmass und die

klinische Bedeutung dieses Unterschieds sind nicht bekannt, da in der Studie keine klaren Angaben
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zu den statistischen Methoden gemacht werden. Aufgrund der geringen Zahl von unerwiinschten

Ereignissen war kein Sicherheitsvergleich mdglich.

Laufende klinische Studien

Es wurden keine laufenden klinischen Studien identifiziert. Somit ist es unwahrscheinlich, dass die

Ergebnisse der Metaanalysen in naher Zukunft durch neue Informationen beeinflusst werden.

Kosten und Kosteneffektivitat

In einer Kosten-Nutzwert-Analyse wurde CS mit Placebo und Cyclooxygenase-2-Hemmern (COX-
2-Hemmer) bei Patienten mit Kniearthrose verglichen. Andere Indikationen (Hufte und Hand)

wurden nicht modelliert, da keine klinischen Daten verfiigbar sind.

Das inkrementelle Kosten-Effektivitats-Verhaltnis (ICER) fir den Vergleich zwischen CS und
Placebo wurde auf CHF 30’451 pro gewonnenes qualitdtsbereinigtes Lebensjahr (QALY) geschatzt.
Die probabilistische Sensitivitatsanalyse, fir die eine hypothetische Zahlungsbereitschaftsschwelle
von CHF 100’000 pro gewonnenes QALY herangezogen wurde, ergab eine Wahrscheinlichkeit von
60%, dass CS im Vergleich zu Placebo kosteneffektiv ist. In einer studienbasierten
Wirtschaftlichkeitsanalyse wurde CS auch mit COX-2-selektiven NSAR verglichen. Die
probabilistische Sensitivitatsanalyse wies darauf hin, dass CS COX-2-selektiven NSAR mit einer
Wahrscheinlichkeit von 34% Uberlegen ist (inkrementelle Kosten <0, inkrementelle Effektivitat >0).
Die Unsicherheit der Resultate der beiden Wirtschaftlichkeitsanalysen widerspiegelt die nicht
signifikanten  Unterschiede zwischen den Behandlungen bei den langerfristigen

Behandlungsergebnissen.

In einer Budget-Impact Analyse werden drei Szenarien flr den Ersatz des Medikaments prasentiert,

falls CS aus der Liste gestrichen werden sollte:

1. Beim ersten Szenario wird davon ausgegangen, dass 25% der derzeitigen CS-Patienten
auf andere von der Krankenversicherung tibernommene Arthrosemedikamente umsteigen
werden  (d. h. Paracetamol, nichtselektive = NSAR in  Kombination  mit
Protonenpumpenhemmern [PPI] oder COX-2-selektive NSAR in Kombination mit PPI), falls
CS aus der Liste gestrichen wird. Dies fuhrt zu anfanglichen Einsparungen fir die

Krankenversicherer in Héhe von CHF 18,2 Millionen pro Jahr.

2. Beim zweiten Szenario wird angenommen, dass 50% der derzeitigen CS-Patienten auf
andere von der Krankenversicherung tdbernommene Arthrosemedikamente umsteigen

werden, was Einsparungen im Umfang von CHF 2,4 Millionen pro Jahr zur Folge haben wird.
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3. Falls wie im dritten Szenario 75% der derzeitigen Anwender auf andere Medikamente
umsteigen, werden gemass den Schatzungen Nettokosten von CHF 13,3 Millionen pro Jahr
anfallen. Diese Nettokosten sind darauf zurlickzufiihren, dass nichtselektive NSAR, PPI und

COX-2 selektive NSAR hohere Kosten verursachen als CS.

Diese Szenarien wurden geprift, weil keine offentlichen Daten zu den Preis- und

Volumenverhéltnissen zwischen CS und anderen Arthrosemedikamenten verfligbar sind.

Soziale, rechtliche, ethische und organisatorische Probleme

Es wurden keine bedeutenden sozialen, rechtlichen, ethischen oder organisatorischen Probleme im
Zusammenhang mit CS festgestellt. Gemass Schatzungen in Ruckmeldungen von Schweizer
Patientenorganisationen sind mdglicherweise etwa 50% der Patienten, denen zurzeit CS
verschrieben wird, nicht in der Lage oder bereit, das Medikament selbst zu bezahlen, falls es aus
der Liste gestrichen werden sollte. Fur Patienten, die das Medikament selbst bezahlen mdchten,
ware es weiterhin erhaltlich (geschéatzte selbst aufzubringende Kosten pro Jahr: CHF 322 bis 381).
Patienten, die CS nicht selbst bezahlen konnen oder méchten, werden weiterhin Zugang zu anderen
Medikamenten haben, die von der obligatorischen Krankenversicherung ibernommen werden (z. B.

Paracetamol, Ibuprofen, COX-2-Hemmer).

Fazit

Die klinischen Erkenntnisse in diesem Bericht stammen aus umfangreichen evidenzbasierten Daten
von mittlerer bis geringer Qualitat. Mit CS behandelte Patienten gaben im Vergleich zu Placebo
wahrend bis zu sechs Monaten eine leicht starkere Linderung der Arthroseschmerzen, aber keinen
Unterschied zu NSAR an. Uber sechs Monate hinaus wurde kein relativer Nutzen aufgezeigt. Die
Rate der schweren unerwiinschten Ereignisse im Zusammenhang mit CS war niedrig. Allerdings ist
zu beachten, dass diese Schatzung auf evidenzbasierten Daten mit beschrankten

Stichprobengréssen und einer 12-monatigen Nachkontrolle beruht.

Angesichts der eingeschrankten Evidenzbasis und der unsicheren Erkenntnisse ist bei der
Interpretation der Ergebnisse der Wirtschaftlichkeits- und Budget-Impact Analysen Zurtickhaltung
angebracht. Im Vergleich zu Placebo ist CS mit einer Wahrscheinlichkeit von 60% kosteneffektiv.
Zudem ist das Praparat COX-2-selektiven NSAR mit einer Wahrscheinlichkeit von 34% Uberlegen.
Die Wirkung, welche die Streichung von CS aus der Liste auf die gesamten Gesundheitsausgaben
haben wird, hangt davon ab, wie viele Patienten auf andere Medikamente umsteigen werden, die

von der obligatorischen Krankenversicherung tbernommen werden.
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Objective of the HTA Report

The Federal Office of Public Health (FOPH) is reviewing the public reimbursement of chondroitin sulfate

(CS) for the treatment of symptomatic osteoarthritis in the hips, knees and hands.

The process to evaluate health technologies involves multiple phases, 1) the pre-scoping phase, 2) the
scoping phase, and 3) the health technology assessment (HTA) phase. This document represents the

outcome of the HTA phase.

The objective of an HTA report is to generate a focused assessment on various aspects of a health
technology. HTA reports address well-defined research questions (established in the scoping phase),
search bibliographic databases or generate data directly, select appropriate studies, apply analytical
methodology, and synthesise and qualify the available evidence. In addition to the clinical evidence, the
HTA report presents an economic and financial analysis and investigates the social, ethical, legal and

organisational issues of removing the technology from the reimbursement list.
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1. Policy Question and Context

CS is currently available in Switzerland through mandatory health insurance for patients diagnosed with
symptomatic osteoarthritis. The two primary formulations of CS available in Switzerland, Structum® and
Condrosulf®, were added to the drug list for reimbursement in the 1980s. For both formulations, it is
advised that if patients experience no improvement in joint pain within six months, continuation of

therapy should be re-assessed.

Contemporary clinical practice guidelines from North America, Australia and Europe do not agree on
whether CS is effective at treating osteoarthritis. Several published guidelines recommend against the
intervention, including the American Academy of Orthopaedic Surgeons (AAOS)?, American College of
Rheumatology (ACR)?, the National Collaborating Centre for Chronic Conditions (NCC-CC)3, the
National Institute for Health and Care Excellence (NICE)* and The Royal Australian College of General
Practitioners (RACGP)®. In contrast, the European Society for Clinical and Economic Aspects of
Osteoporosis, Osteoarthritis and Musculoskeletal Disease (ESCEO), European League Against
Rheumatism (EULAR) and the Panamerican league of Associations for Rheumatology recommend CS
use for patients with osteoarthritis (see Table 68, Section 14). In Switzerland, much debate exists

around the clinical effectiveness of CS, and consequently its reimbursement status.

When CS was first reimbursed in the 1980s, clinical effectiveness was only investigated up to three
months. Only in recent years has evidence become available on the safety and effectiveness of CS from
studies following patients for longer periods. This HTA report was commissioned to evaluate evidence
with mid-term (6 months) and long-term (12 and 24 months) follow-up data. This report also includes

the first cost-utility and budget-impact analysis conducted in the Swiss context.

The evaluation of the safety, efficacy, effectiveness, and economic impact of CS in patients with
osteoarthritis, as well as an analysis of social, legal, ethical and organisational issues related to CS
consumption, will inform the coverage policy decision. The focus of this report is on osteoarthritis in the

hips, knees and hands as these indications have the most available evidence.
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2. Research Question(s)

1. What is the efficacy, effectiveness and safety of CS treatment in patients with symptomatic
osteoarthritis in the knees, hips or hands compared to no pharmaceutical treatment, on-
demand analgesics, non-steroidal anti-inflammatory drugs (NSAIDs), placebo, or other anti-

inflammatory treatments?

2. What are the costs, cost-effectiveness and impact of treating patients with symptomatic
osteoarthritis in knees, hips or hands with CS compared to on-demand analgesics, NSAIDs,

or other anti-inflammatory therapies?

3. What are the social, ethical, legal and organisational issues of treating patients with
symptomatic osteoarthritis in knees, hips or hands budget with CS compared to on-demand

analgesics, NSAIDs, or other anti-inflammatory therapies?

3. Medical Background

3.1 Disease Description

Osteoarthritis is a common degenerative joint condition and a leading cause of disability among the
elderly worldwide. Initially thought to arise from general “wear and tear” of joints,® osteoarthritis is now
considered an inflammatory disease influenced by intrinsic risk factors (aging, gender, obesity, heredity
and reproductive variables), extrinsic risk factors (trauma, alignment, occupational and recreational
usage) and genetics.” 8 These factors culminate to induce pathological changes across the entire joint
including alterations to the bone, cartilage, ligaments and muscles,” 8 which manifests radiographically
as osteophytes (bone spurs), subchondral sclerosis or cysts (thickening of the bone in joints), and
narrowing of joint spaces.> However, it is worth noting that radiography is not required to diagnose
osteoarthritis, and it often does not correlate with symptom severity.® Diagnosis is commonly based on
physical examination and the patient’'s description of symptoms. Radiography and blood tests may be

used to rule out other forms of arthritis.

Osteoarthritis can affect any joint, with the knees, hips and hands most commonly affected.1%-12 The
natural course of osteoarthritis of the knee advances through grades of severity, ranging from minor to
severe, where the severity of cartilage damage/loss, osteophyte growth, joint space narrowing, and
pain/inflammation increases from almost imperceptible to near-disabling.’® Clinically significant
symptoms of osteoarthritis include joint pain, stiffness and loss of function. In later stages of the disease,

osteoarthritic pain becomes persistent, and it is most apparent during movement of the affected joints.14
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Individuals with osteoarthritis are more likely to have comorbidities compared to the general
population.t> Specifically, individuals with osteoarthritis are more likely to report concurrent chronic
diseases such as hypertension, dyslipidaemia, back pain and thyroid disorders. These comorbidities
increase the complexity of treating patients with osteoarthritis, as patients are more likely to be taking

multiple medications.?®

Osteoarthritis of the hand, hip and knee differ in their presentation and prevalence. In the United States
and United Kingdom, knee and hand are the most frequently affected locations followed by the hip.16 17
The incidence is influenced by gender and BMI with different rates among men, women and obese
individuals.® Furthermore, hand osteoarthritis differs from the knee and hip with respect to inflammatory
signs, acute symptom onset, structural progression and degree of disability. Hand osteoarthritis also
has several disease phenotypes (e.g. erosive and non-erosive) that may reflect different pathological
mechanisms.'® Due to the functional and pathological differences between the joints, the European
Medicines Agency (EMA) notes the efficacy of drugs for knee and hip osteoarthritis may not extrapolate

to the hand.20

3.2 Incidence and Prevalence of Osteoarthritis

The proportion of elderly adults in Switzerland has increased substantially due to longer life expectancy
at birth and declining mortality after age 80.2122 This means the country has a high burden of age-related

diseases, and as the population continues to age, the burden is likely to increase.?3

A 2010 global burden of disease study published in the British Medical Journal in 2014 reported
approximately 10 to 15% of adults aged over 60 years have osteoarthritis, with a higher prevalence
among women than men.2* Hip and knee osteoarthritis was ranked as the 11 highest contributor to
global disability. The report noted that the worldwide burden of disease attributable to osteoarthritis is
increasing, with the total disability-adjusted life-years associated with osteoarthritis rising by 35%

between 1990 and 2015.24

The Institute for Health Metrics and Evaluation estimates that the prevalence and incidence of
osteoarthritis in Switzerland was 570,984.45 (lower limit: 509,986.57; upper: 642,110.60) and 25,785.22
(lower limit: 22,829.29; upper: 29,053.76) respectively, in 2017. The prevalence and incidence were
higher among females than males at all ages. Further, the prevalence was greatest in individuals above

70, followed by 50-69-year olds and 15-49-year olds.?®
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3.3 Management

Two treatment management guidelines for knee (ESCEO)?¢ and hand (EULAR) osteoarthritis?’ are
presented below. It is unclear which treatment pathway is followed by Swiss Clinicians. The pathways
reflect a stepwise approach to treating osteoarthritis based on systematic literature searches and the
consensus of ESCEO and EULAR working group members. The treatment recommendations are not
intended to be prescriptive; rather, treatment should reflect individual need considering patient age,
presence of comorbidities and inflammation. These guidelines were selected because they represent
the latest guidelines from European organisations. It is worth noting that multiple management

guidelines exist, and they differ in their recommendations, specifically with respect to CS (Table 68).

Knee Osteoarthritis

First-line treatments recommended by ESCEO include physical therapy, education, weight loss and
exercise. Patients should be referred to a physical therapist to determine whether physical treatments
should be initiated and if they require correction for varus/valgus malalignment. Physical therapists
should be engaged throughout the entire disease management process as they can provide other
physical treatments that may provide symptom relief in parallel to pharmacological treatments.
Additionally, patients should receive disease management education focusing on the promotion and
implementation of lifestyle changes and the development of coping strategies. Exercise can include

aerobic, resistance-training and/or strengthening exercises focusing on joint mobility.26

If patients remain symptomatic, pharmaceutical grade glucosamine and/or CS are recommended as a
possible long-term therapy. Paracetamol is recommended as a rescue analgesic, owing to uncertain
efficacy and safety. The guidelines recommend topical NSAIDs be considered in patients who remain

symptomatic after utilising glucosamine or CS.26

NSAIDs are recommended for patients who failed previous treatments or have moderate-severe pain.
Oral NSAIDs should be used intermittently or in short cycles owing to the gastrointestinal (Gl) and
cardiovascular risks associated with NSAIDs. The dose and duration of NSAIDs should be determined
in accordance with the patient’s risk profile. If patients are contraindicated for NSAIDs or remain
symptomatic despite their use, ESCEO recommends intra-articular injections of hyaluronic acid and
corticosteroids. Duloxetine and weak opioids are considered the last pharmacological treatment option

for patients with osteoarthritis.2®

Surgery is generally considered the last treatment option for patients with severe osteoarthritis. Surgical
treatments include osteotomy or total or uni-compartmental knee replacement. Patients contraindicated

for or unwilling to undergo surgery, may use opioids.2® For further information refer to Figure 1.
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BASIC PRINCIPLE AND CORE SET

Combination of treatment modalities, including non-pharmacological and pharmacological
therapies is strongly recommended

- Weight loss if overweight

Core set: - Information/Education
- Exercise program (i.e. aerobic, strengthening, or resistance exercises)

STEP 1: Background treatment Rekarral e thsi;gle:’ -

. . if ne
if sym:tomatlc (to control malalighment)

- Chronic SYSADOA: prescription glucosamine - Knee braces
sulfate and/or chondraitin sulfate - Insoles
+ as needed paracetamol

if symptomatic ADDITION at any time

if still symptomatic ADD

Walking aids (stick, walker, crutches)
Thermal agents (heat and cold)
Mechanotherapy or manual therapy
(flexibility, mobilization, stretching)
Bandage tape

Hydrotherapy and aquatic exercises
Tai Chi

N Y

STEP 2: Advanced pharmacological management in the persistent symptomatic patient

[ - Topical NSAIDs ]

SRS RN

if still or severely symptomatic

mntermittent or longer cycles of oral NSAIDs

NORMAL GI RISK INCREASED GI RISK* INCREASED CV RISK INCREASED RENAL RISK
- Non-selective NSAID with PPI - Prefer Cox-2 selective NSAID - Limit use of any NSAIDs - Avoid NSAIDst
- Cox-2 selective NSAID {celecoxib) with PPI - Treatment duration:

{preferred with concomitant - Be mindful of complications with <30 days for celecoxib, and

PPI) any NSAID <7days for non-selective NSAIDs

*Including use of low dose aspirin
With glomerular filtration rate <30 cc/min; caution in other cases

if still symptomatic

- Intraarticular hyaluronate
- Intraarticular corticosteroids

STEP 3: Last pharmacological attempts

- Shart-term weak opioids
- Duloxetine

- Total joint replacement
- (Unicompartmental knee replacement)

- Opioid analgesics

Figure 1 Clinical management pathway of osteoarthritis

Abbreviations

NSAIDs = non-steroidal anti-inflammatory drugs, PPI = proton pump inhibitor.
Source
Bruyere
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Hip Osteoarthritis

There were no recent European treatment management guidelines for hip osteoarthritis. The European
Medicines Agency (EMA) suggests that extrapolating the findings of interventions targeting knee
osteoarthritis to hip osteoarthritis is appropriate.?® Thus, ESCEO recommendations for knee
osteoarthritis could extend to the hip, noting that the last treatment option would be hip, rather than

knee, replacement.

Hand Osteoarthritis

Treatment management guidelines for hand osteoarthritis are similar to those for the knee. Education,
hand-specific exercises and orthoses comprise first-line treatment options for hand osteoarthritis as
recommended by EULAR.Z If pain persists, local treatments such as topical NSAIDs are recommended
over systemic therapies if pain is moderate and only a few joints are affected. Paracetamol is the
preferred long-term analgesic if well tolerated. For patients who do not respond to paracetamol, oral
NSAIDs are recommended. EULAR suggests NSAIDs should be used at their lowest effective dose for
the shortest duration. Individuals at risk of gastrointestinal side effects should consume a
gastroprotective agent concomitantly. Symptomatic slow-acting drugs for osteoarthritis (SYSADOAS)
such as CS may provide pain relief and improve function. Intra-articular injections of corticosteroid are
recommended for painful flares in individuals who do not respond to NSAIDs. For individuals with
osteoarthritis of the thumb base unresponsive to conservative treatments, EULAR recommends surgery

(e.g. arthroplasty or trapeziectomy. No management diagram was provided in EULAR.%7
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4. Technology

4.1 Technology Description

CS is a sulfated glycosaminoglycan found naturally in human bone and cartilage. It is a nutritional
supplement that can be sourced from fish, bird, cow, pig, whale and shark cartilage. As an important
structural component of cartilage, supplementation with CS is thought to restore the extracellular matrix,
to prevent further cartilage degradation and to assist cartilage regeneration.>?8 Specifically, CS is
thought to reduce chondrocyte cell death (the primary cells involved in the synthesis of extracellular
matrix and regulation of cartilage metabolism); increase the synthesis of proteoglycans and other
components of the extracellular matrix; reduce the effects of proteinases involved in remodelling of the
extracellular matrix; and reduce inflammatory mediators and free radicals.?® These provide plausible
mechanisms for the action of CS in osteoarthritis, although the mechanism of action of CS has primarily
been tested in preclinical studies that may not be generalisable to human extremities. Therefore, clinical

trials are required to confirm these observations.

The effects of CS, as with other SYSADOASs require extended administration before symptomatic relief
is achieved. Many people use the supplement alone or in combination with glucosamine for the relief of

osteoarthritic joint pain.30

Structum® and Condrosulf® are the two primary formulations of CS available in Switzerland. Structum®
is bovine or avian derived (manufactured by Pierre Fabre, Switzerland), available in 500mg capsules
taken orally twice a day (Table 1).3132 Condrosulf® is fish-derived (manufactured by IBSA, Switzerland),
available in 400mg or 800mg doses (tablet, capsule or granule) taken orally, either one or two a day.
Both products are manufactured in accordance with controlled and tested procedures. The

recommended therapeutic dose of CS is 800-1200mg per day.2°

CS is available through mandatory health insurance in Switzerland for patients with degenerative joint
diseases. It can be prescribed by General Practitioners (GP) and Rheumatologists.3® For both
formulations, if there is no noticeable improvement of symptoms within six months, continuation of
therapy should be re-assessed.3! 32 Dietary supplements containing CS are also available over the
counter without a prescription; these products vary significantly in dose and quality and are not being

considered in this assessment.3435
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Table 1

Key formulations of chondroitin sulfate in Switzerland

Name / Active Composition, dosage and Indications /
Registration ingredient / administration Contraindications
number / Origin of active
manufacturer ingredient
Condrosulf® Chondroitin Available in 400mg and 800mg tablets, Symptomatic
sulfate 400mg capsules, and 400mg granules. treatment for
42277. 48557 osteoarthritis.
51610 Fish Dosage is 800mg/day.
(Swissmedic) Hypersensitivity to
Taken before meals on an empty stomach. | acfive substance or
IBSA Institute any GEC'P'e“tSF]
S ahin ing to t
Biochimique SA If no noticeable improvement of symptoms 23%0503302 ¢
within 6 months, continuation of therapy '
should be checked.
Structum® Chondroitin Available in 500mg capsules. Symptomatic
sulfate treatment for
38477 Dosage is 1 capsule twice/day. osteoarthrosis.
(Swissmedic) Bovine or avian
Taken with a glass of water. Known
Pierre Fabre hypersensitivity to
fi bst
Pharma AG If no noticeable improvement of symptoms :ﬁ)llviigsridsieirt]sc eor
within 6 months, continuation of therapy according to the
should be checked. composition.

Abbreviations
mg = milligrams.
Source
Swissmedic.3132

4.2 Contraindications

There are few contraindications for CS. Product information documents from IBSA (Condrosulf®)3! 36
and Pierre Fabre (Structum®)3? indicate the product should not be taken by individuals allergic to the

active ingredient, or those pregnant or breastfeeding.

Contemporary clinical practice guidelines (AAOS?!, ACR?, NICE?* ESCEO?%, EULAR?" 3’European
League against Rheumatism (EULAR)?7 37, Osteoarthritis Research Society International (OARSI)3 and
Panamerican League of Associations for Rheumatology (PANLAR)3®) do not report contraindications
relating to CS. Swissmedic reports known hypersensitivity to Condrosulf® and Structum® as the only

contraindication.31 32

The French Agency for Food, Environmental and Occupational Health and Safety reported additional
contraindications including diabetes, pre-diabetes, asthma or individuals receiving vitamin K antagonists
(VKA sodium, potassium or calcium-restricted diets).*® As Condrosulf® is derived from fish,3! it is

recommended that individuals with allergies to fish avoid consuming the product.??
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4.3 Alternative Technologies

CS is usually prescribed either as a stand-alone therapy or in combination with glucosamine or
analgesics. Relevant alternative technologies for osteoarthritis patients include on-demand analgesics
and NSAIDs, other anti-inflammatory treatments, other pharmaceutical treatments, and non-

pharmaceutical treatments.

On-demand analgesic use, or rescue analgesia, is recommended as a second-line treatment for
osteoarthritis following the failure of conservative management. Oral analgesics are typically
recommended as the first pharmaceutical therapy for osteoarthritis, due to their favourable safety profile
compared to NSAIDs.* For example, paracetamol is the oral analgesic of choice as it is safe to use up

to 4g per day.%’

Anti-inflammatory treatments can include oral or topical corticosteroids and non-selective NSAIDs
(ns-NSAIDs), and oral cyclooxygenase-2 (COX-2) selective inhibitors.# 4 Due to the increased risk of
gastrointestinal and cardiovascular complications associated with chronic use, oral anti-inflammatory
treatments are typically recommended following failure of other on-demand analgesics or topical

NSAIDs.4

Other pharmaceutical treatments could be topical creams with capsaicin,*2 or other SYSADOASs such

as glucosamine.3?

Non-pharmaceutical treatments can include self-management strategies such as heat packs and
assistive devices (cane or walking frame), physiotherapy, massage therapy, occupational therapy,
therapeutic ultrasound, laser therapy, or transcutaneous electrical nerve stimulation.* These are the
approaches taken when no pharmaceutical treatment is prescribed. Psychosocial interventions and

cognitive behavioural therapy are also considered non-pharmaceutical treatments.?5

4.4 Regulatory Status / Provider

In Switzerland two CS preparations, Condrosulf® and Structum®, are listed on the “Spezialitatenliste”
(Table 1) and both are currently reimbursed through mandatory health insurance. Physicians can

prescribe either drug without additional training or further credentials.

Information was sought on reimbursement practices in other European countries. A search of the Danish
Medicines Agency,*® Norwegian Medicines Agency,** the Swedish Dental and Pharmaceutical Benefits

Agency* for Structum®, Condrosulf®, or Chondroitin(e) did not produce any results.

CS is not listed on the Deutsche Institut fur Medizinische fixed medicines list,%¢ National Health Service

(NHS) medicine list*” or by European Medicine Agency (Medicine or Herbal Medicine list).#® Therefore,
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CS is unlikely to be reimbursed by the respective government agencies. It is not recommended for

prescription by the NHS.4°

Condrosulf® but not Structum® is listed on the Italian Medicines Agency of authorised drugs, but it is

unclear whether the drug is reimbursed.°

In France, the National Solidarity considers Structum®>3! and Condrosulf®3! to have insufficient benefit
and they are not reimbursed by health insurers for osteoarthritis of the hip or knee.>? No pending

decisions were found. CS is available in most countries as an over-the-counter dietary supplement.

5. Patients, Intervention, Comparator, Outcome (PICO)

5.1 Patients

The eligible patient population is defined as patients with osteoarthritis in the hip, knee or hand (ICD-10
codes M15—polyosteoarthritis, M16—o0steoarthritis of hip, M17—osteoarthritis of knee, M18—osteoarthritis

of carpometacarpal joint, M19 — other and unspecified osteoarthritis).

According to the Product Information sheets available on Swissmedic, the use and safety of Condrosulf®
and Structum® in children and adolescents has not been studied. While arthritic conditions in children
exist, osteoarthritis does not occur in paediatric patients. Therefore, this age group is excluded from the

current evaluation.

Patients with significant physical limitation and/or those non-responding to diligent pharmacotherapeutic
intervention are considered for surgical intervention. They are excluded from the target population. Both
Structum® and Condrosulf® are used to treat symptoms across these broad indications, although they

should not be administered during pregnancy or breastfeeding.3! 32
5.2 Intervention

The technology under investigation is oral pharmaceutical-grade CS. Two registered drugs are available
in Switzerland that contain the active substance CS: Structum® and Condrosulf®. Structum® is
available in 500mg capsules that are taken twice a day, equivalent to a daily intake of 1000mg.32
Condrosulf® is available in 400mg or 800mg doses (tablet, capsule or granule) that are taken orally,
either one or two a day, for an equivalent maximum dose of 800mg per day.3! Other pharmaceutical-
grade CS products that deliver at least the same minimum dosage as Structum® and Condrosulf® will

also be included.
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Drugs used in combination with CS, including glucosamine, is not relevant to the present investigation
as they are not reimbursed or commonly used in Switzerland. No combination products are available on

the Swissmedic database.

The symptomatic effects of Structum® and Condrosulf® are delayed, generally occurring one to two
months into treatment.31 32 |n contrast, the effects of analgesics and anti-inflammatory medications are
expected to act in a more immediate manner. Analgesics are recommended on-demand. NSAIDs, in
particular, are not recommended for chronic use, but intermittently to treat acute flares and reduce side

effects of the NSAID.26

It is recommended that treatment with CS is discontinued if no effect is seen within six months.31 32 38

The exact length of treatment in current practice is unclear.

5.3 Comparator

Treatment for osteoarthritis may be non-pharmaceutical, pharmaceutical or surgical. As CS is a
pharmaceutical treatment option, the relevant comparators to CS are other pharmaceutical therapies
offering symptomatic relief, including on-demand analgesics, oral or topical NSAIDs, and other anti-
inflammatory treatments (i.e. corticosteroids, COX-2). Opioids are excluded as they are last-line
pharmaceutical treatments due to their addictive properties and long-term side effects. Non-
pharmaceutical interventions are expected to be offered to all osteoarthritis patients.?6 Surgery is not
included as a relevant comparator, as it is used as a last-line treatment in patients with severe

osteoarthritis.

Recommendations published by OARSI for the management of hip and knee osteoarthritis state that
paracetamol (up to 4g/day) can be an effective initial oral analgesic for the treatment of mild to moderate

pain.38

OARSI recommendations state that alternative treatment options may be considered in patients that
have an inadequate response to paracetamol.3® Oral NSAIDs and topical NSAIDs or capsaicin are some
of the alternative pharmacological interventions discussed. Under NICE guidelines, in the event that
paracetamol and/or topical NSAIDs are insufficient, oral NSAIDs may be considered as an alternative
treatment option.# Oral NSAIDs appear as a secondary option in the ESCEO treatment algorithm for
patients whose symptoms do not respond to therapy with regular paracetamol or glucosamine sulfate
and/or CS with on-demand paracetamol.?® However, paracetamol and other analgesics are symptom-

modifying drugs and do not affect the underlying pathology.53

OARSI and ESCEO recommendations state that the use of weak opioids should only be considered

where other pharmacological agents have been ineffective or are contraindicated.*! 5 Opioids are not a
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relevant comparator as they are a last-line pharmaceutical treatment option when other pharmaceutical
therapies are ineffective, rather than an alternative for patients considering CS use.?® Similarly, intra-
articular injections are not considered to be a relevant comparator, as they are recommended for use

as an adjunct to other medications or following failure of oral NSAIDs.26 54

54 Outcomes

Pharmaceutical-grade CS is prescribed to treat symptoms associated with osteoarthritis, with reduction
of pain in the target joint recommended as the primary endpoint for clinical research into osteoarthritis.
Patient self-assessment of pain measured using a validated tool—either measuring ‘in motion’ or ‘at
rest’ separately, or a multidimensional tool with a subscale index of pain—is recommended. Physical
function is also considered a critical endpoint and measurement of functional disability is recommended
as an optional, co-primary endpoint.® Lastly, CS treatment may have structure-modifying effects and is
considered an important endpoint®® noting however, biochemical markers and imaging of bone and

cartilage spacing do not correlate with symptoms experienced by patients.®

Minimally clinical important differences (MCIDs) for many of the outcomes can be found in 18.1

Appendix D.

Efficacy/Effectiveness
Critical

Pain can be measured with the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) pain subscale, Visual Analogue Scale (VAS) and Osteoarthritis Research Society
International Outcome Measures in Rheumatology (OARSI-OMERACT) criteria. The pain domain of
WOMAC is a five-item guestionnaire measured using a four-point Likert scale or continuous scale (0 -
10).%% Pain by VAS utilises a 10cm or 100mm scale with O reflecting no pain and 10 or 100 reflecting

pain as bad it as it could be.56

Pain is the most clinically significant outcome. Clinically relevant differences in a patient’s pain have
been classified as a relative reduction of 15% to 20% in pain scores.5” This is measured on a per-patient
basis and presented as a mean difference (MD) across included patients. However, because pain is
experienced by individuals differently, group mean change in this outcome may hold minimal relation to

an important change for a single patient.5” For additional pain-scale-specific MCIDs refer to Table 84.

Physical function can be measured with WOMAC, OARSI-OMERACT criteria, or other exercise tests
(walk tests). The function domain of WOMAC consists of a 17-item questionnaire measured using a

four-point Likert scale or continuous scale (0—10).55 Reaching a score of four over two months is
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considered clinically relevant when using WOMAC.38 Clinically relevant outcomes for exercise tests are
any noticeable increase in percentage mobility capacity—noting that most patients enter the studies with

approximately 50% reduction in capacity.>® For further MCIDs refer to Table 84.

Quality of Life (QoL) can be measured with Health Assessment Questionnaire (HAQ), Short form-36
questionnaire (SF-36), or Health Assessment Questionnaire-Disability Index (HAQ-DI). Quality of life

tools directly measure clinically relevant outcomes.>” ¢ For HAQ and SF-36 MCIDs refer to Table 84.

The Lequesne index is a composite measure of osteoarthritis, which summarises algofunctional
parameters of pain such as maximal walking distance and discomfort in daily life movements. It is scored
on 11 items concerning pain and discomfort at specific times and positions, and functional abilities. The
Lequesne index is directly relevant to a patient’s clinical experience of pain, discomfort and functional

ability.6* No MCID for Lequesne index was identified.
Important

The important efficacy/effectiveness outcomes are concomitant analgesic consumption, progression to

joint replacement or arthroscopy and radiographic evidence of disease progression.

Progression to joint replacement or arthroscopy is the endpoint of osteoarthritic treatment. Surgical
approaches have inherent risks such as surgical site infection or prosthetic joint infection, and the need
to heal from a surgical procedure.6? Joint replacement is one of the last treatment options for patients
with osteoarthritis so patients requiring joint replacement are indicative of disease progression and

potentially treatment failure.

Concomitant analgesic or NSAID consumption is measured as mg per day, or percentage/number
of days analgesics are consumed compared to the days of treatment.52 64 Reduction in analgesic
consumption is expected to prevent the negative consequences of gastrointestinal side effects or multi-
organ failure.%5% Concomitant analgesics included paracetamol (acetaminophen), however, the type of
NSAID was generally not specified. Consumption of analgesics and NSAIDs is reflective of pain

experienced by the individual.

Radiographic evidence of disease progression of osteoarthritis is inferred by a reduction in cartilage
volume or synovial membrane thickness.6” Cartilage volume and synovial membrane thickness are
measured directly via magnetic resonance imaging or ultrasound. However, cartilage volume is most
frequently measured using joint space width on x-rays. In the context of knee osteoarthritis, joint space
width is the distance from the tibial plateau to the femoral condyle (femorotibial compartment).5” The
distance between the two joints indirectly reflects the volume of cartilage. The minimum space between

the two joints is the most frequently reported outcome, however, mean space (across the entire joint) is
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often reported. For radiographic outcomes, only studies reporting at least 24-months follow-up are

considered.2° For MCIDs refer to Table 84.
Safety
Critical

Mortality, serious adverse events, treatment-related serious adverse events, and withdrawals or
discontinuation due to adverse events are critical safety outcomes. The importance of mortality,
serious adverse events and the potential consequences of adverse events lies in the principle that
patients should not be harmed in the process of treating their illness. For this reason, safety outcomes
are considered critically relevant. The safety of CS is generally accepted,®® however the comparative

safety is of relevance to a disinvestment decision.
Important

Total, treatment- and gastrointestinal-related adverse events are important safety outcomes. Total
adverse events represent the overall number of events that occur in the treated population, however,
total rates do not provide an indication of the clinical significance of the events. For this reason, total,

treatment- and gastrointestinal-related adverse events are important, but not critical safety outcomes.

5.5 Deviations from the Scoping Report

Deviations from the PICO criteria defined in the scoping report are as follows:

e For safety outcomes, the length of follow-up was changed from a minimum of six months to no
minimum duration. This decision was made to allow all treatment-related adverse events to be
identified in the analysis.

e Serious adverse events and adverse events were further refined into total, treatment-related
and gastrointestinal-related events.

e For safety and efficacy outcomes, French, German and Spanish language articles were

included.

Radiographic evidence of disease progression as inferred by joint space width, cartilage volume and
synovial membrane thickness were considered for inclusion in the assessment of efficacy because they
present the next-best available evidence for the effect of CS on disease progression following
progression to joint replacement. Following EMA guidance, only outcomes with a minimum of 24 months

follow-up were considered eligible for inclusion.?°
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5.6

Table 2

PICO-Boxes

PICO criteria 1: Knees

P

Patients with symptomatic osteoarthritis in the knees.

(Exclusions: paediatric indications, concomitant ligament or meniscus injury, candidates for knee
arthroplasty)

Pharmaceutical grade CS (minimum 800mg per day) initial treatment followed by maintenance
treatment for 3, 6, 12 or 24 months with or without analgesics on demand.

(Exclusions: combination drugs e.g. CS and glucosamine)

Placebo, on-demand analgesics (e.g. paracetamol), NSAIDs (e.g. ibuprofen, COX-2) and other anti-
inflammatory treatments (e.g. corticosteroids).

(Exclusions: Opioid medications, intra-articular injections)

Efficacy/effectiveness:

Pain (WOMAC pain subscale, NRS, VAS)

Physical function (WOMAC, exercise tests)

Lequesne index (composite measure of osteoarthritis)

Quality of life (HAQ, SF-36, HAQ-DI)

Concomitant analgesic and NSAID consumption

Progression to joint replacement or arthroscopy

Radiographic evidence of disease progression (joint space width, cartilage volume,
synovial membrane thickness)

Safety:

Serious adverse events (total and treatment-related)
o Withdrawals or discontinuation due to adverse events

e Mortality
Adverse events (total, treatment- and gastrointestinal-related)

Efficacyl/effectiveness:

e RCTs (with a follow-up period of at least 6-months)
¢ Inthe absence of RCTs with adequate follow-up (range 6—12 months), other comparative
study designs will be considered

(Exclusions: narrative review, letter to the editor, author response, case report)
Safety:

e RCTs (with no minimum follow-up)
e Prospective non-RCTs (with no minimum follow-up)
o  Prospective case series (with no minimum follow-up) and pharmacy/insurance databases

(Exclusions: narrative review, letter to the editor, author response, case report)

Abbreviations

CS = chondroitin sulfate, COX-2 = cyclooxygenase-2 inhibitor, HAQ = Health Assessment Questionnaire, HAQ-DI = Health
Assessment Questionnaire Disability Index, NRS = numerical rating scale, NSAIDs = non-steroidal anti-inflammatory drugs,
PICO = patients, intervention, comparator, outcomes, RCT = randomised controlled trial, SF-36 = Short Form 36, VAS = visual
analogue scale, WOMAC = Western Ontario & McMaster Universities Osteoarthritis Index.
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Table 3

PICO criteria 2: Hips

P

Patients with symptomatic osteoarthritis in the hips.

(Exclusions: paediatric indications, concomitant ligament or meniscus injury, candidates for hip
arthroplasty)

Pharmaceutical grade CS (minimum 800mg per day) initial treatment followed by maintenance
treatment for 3, 6, 12 or 24 months with or without analgesics on demand.

(Exclusions: combination drugs e.g. CS and glucosamine)

Placebo, on-demand analgesics (e.g. paracetamol), NSAIDs (e.g. ibuprofen, COX-2) and other anti-
inflammatory treatments (e.g. corticosteroids).

(Exclusions: Opioid medications, intra-articular injections)

Efficacy/effectiveness:

Pain (WOMAC pain subscale, NRS, VAS)

Physical function (WOMAC, exercise tests)

Lequesne index (composite measure of osteoarthritis)

Quality of life (HAQ, SF-36, HAQ-DI)

Concomitant analgesic and NSAID consumption

Progression to joint replacement or arthroscopy

Radiographic evidence of disease progression (joint space width, cartilage volume,
synovial membrane thickness)

Safety:

Serious adverse events (total and treatment-related)
Withdrawals or discontinuation due to adverse events
Mortality

Adverse events (total, treatment- and gastrointestinal-related)

Efficacyl/effectiveness:

e RCTs (with a follow-up period of at least 6-months)
¢ Inthe absence of RCTs with adequate follow-up (range 6—12 months), other comparative
study designs will be considered

(Exclusions: narrative review, letter to the editor, author response, case report)
Safety:

e RCTs (with no minimum follow-up)
o Prospective non-RCTs (with no minimum follow-up)
e Prospective case-series (with no minimum follow-up) and pharmacy/insurance databases

(Exclusions: narrative review, letter to the editor, author response, case report)

Abbreviations

CS = chondroitin sulfate, COX-2 = cyclooxygenase-2 inhibitor, HAQ = Health Assessment Questionnaire, HAQ-DI = Health
Assessment Questionnaire Disability Index, NRS = numerical rating scale, NSAIDs = non-steroidal anti-inflammatory drugs,
PICO = patients, intervention, comparator, RCT = randomised controlled trial, SF-36 = Short Form 36, VAS = visual analogue
scale, WOMAC = Western Ontario & McMaster Universities Osteoarthritis Index.
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Table 4

PICO criteria 3: Hands

P

Patients with symptomatic osteoarthritis in the hands
(Exclusions: Paediatric indications)

Pharmaceutical grade CS (minimum 800mg per day) initial treatment followed by maintenance
treatment for 3, 6, 12 or 24 months, with or without analgesics on demand.

(Exclusions: Combination drugs e.g. CS and glucosamine)

Placebo, on-demand analgesics (e.g. paracetamol), NSAIDs (e.g. ibuprofen, COX-2) and other anti-
inflammatory treatments (e.g. corticosteroids).

(Exclusions: Opioid medications, intra-articular injections)

Efficacy/effectiveness:

Pain (e.g. NRS, VAS)

Physical function

Quality of life (e.g. HAQ, HAQ-DI, SF-36)

Concomitant analgesic and NSAID consumption

e Radiographic evidence of disease progression (anatomical lesion progression score)

Safety:

Serious adverse events (total and treatment-related)
Withdrawals or discontinuation due to adverse events
Mortality

Adverse events (total, treatment- and gastrointestinal-related)

Efficacy/effectiveness:

o RCTs (with a follow-up period of at least 6-months)
¢ Inthe absence of RCTs with adequate follow-up (range 6—12 months), other comparative
study designs will be considered

(Exclusions: narrative review, letter to the editor, author response, case report)

Safety:

e RCTs (with no minimum follow-up)
e Prospective non-RCTs (with no minimum follow-up)
o  Prospective case-series (with no minimum follow-up) and pharmacy/insurance databases

(Exclusions: narrative review, letter to the editor, author response, case report)

Abbreviations

CS = chondroitin sulfate, COX-2 = cyclooxygenase-2 inhibitor, HAQ = Health Assessment Questionnaire, HAQ-DI = Health
Assessment Questionnaire Disability Index, NRS = numerical rating scale, NSAIDs = non-steroidal anti-inflammatory drugs,
PICO = patients, intervention, comparator, RCT = randomised controlled trial, SF-36 = Short Form 36, VAS = visual analogue
scale, WOMAC = Western Ontario & McMaster Universities Osteoarthritis Index.
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6. HTA Key Questions

For the evaluation of the technology the following key questions covering central HTA domains, as

designated by the European Network for Health Technology Assessment (EUnetHTA) Core Model

(clinical effectiveness, safety, costs, cost-effectiveness, budget impact, legal, social, ethical and

organisational aspects), are addressed:

N o g &~ w b -

Is CS efficacious/effective compared to placebo, NSAIDs and paracetamol?
Is CS safe compared to placebo, NSAIDs and paracetamol?

What are the costs of CS?

What is the budget impact of CS?

Is CS cost-effective compared to placebo, NSAIDs, and paracetamol?

Are there legal, social or ethical issues related to CS?

Are there organisational issues related to CS?

6.1 Additional Questions

Additional sub-questions relating to clinical, cost, legal, social, ethical and organisational aspects were

derived from the EUnetHTA core model and are outlined below.

Table5 Sub-questions: efficacy

Topic Research Question Element ID

Mortality What is the expected beneficial effect of the technology on mortality? | D0001

Morbidity How does the technology affect symptoms and findings (severity, D0005
frequency) of the disease or health condition?

Morbidity How does the technology affect progression (or recurrence) of the D0006
disease or health condition?

Function What is the effect of the technology on patient body function? D0011

Function What is the effect of the technology on work ability? D0014

Function How does the use of technology affect activities of daily living? D0016

Health-related quality | What is the effect of the technology on generic health-related quality | D0012

of life of life?

Health-related quality | What is the effect of the technology on disease-specific quality of D0013

of life life?
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harmed through the use of the technology?

Change in How does the technology modify the need for hospitalisation? D0010

management

Benefit-harm balance | What are the overall benefits and harms of the technology in health D0029
outcomes

Table 6 Sub-questions: effectiveness

Topic Research Question Element ID

Mortality What is the expected beneficial effect of the technology on mortality? | D0001

Morbidity How does the technology affect symptoms and findings (severity, D0005
frequency) of the disease or health condition?

Morbidity How does the technology affect progression (or recurrence) of the D0006
disease or health condition?

Function What is the effect of the technology on patient body function? D0011

Function What is the effect of the technology on work ability? D0014

Function How does the use of technology affect activities of daily living? D0016

Health-related quality | What is the effect of the technology on generic health-related quality | D0012

of life of life?

Health-related quality | What is the effect of the technology on disease-specific quality of D0013

of life life?

Change in How does the technology modify the need for hospitalisation? D0010

management

Benefit-harm balance | What are the overall benefits and harms of the technology in health D0029
outcomes

Table 7 Sub-questions: safety

Topic Research Question Element ID

Patient safety How safe is the technology in comparison to the comparator(s)? C0008

Patient safety Are the harms related to dosage or frequency of applying the C0002
technology?

Patient safety How does the frequency or severity of harms change over time orin | C0004
different settings?

Patient safety What are the susceptible patient groups that are more likely to be C0005
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Table 8

Sub-questions: costs

Topic Research Question Element ID
Resource utilisation | What types of resources are used when delivering the assessed E0001
technology and its comparators (resource-use identification)?
Resource utilisation | What amounts of resources are used when delivering the assessed E0002
technology and its comparators (resource-use measurement)?
Resource utilisation | What were the measured and/or estimated costs of the assessed E0009
technology and its comparator(s) (resource-use valuation)?
Table 9 Sub-questions: cost-effectiveness
Topic Research Question Element ID
Measurement and What is(are) the measured and/or estimated health-related E0005
estimation of outcome(s) of the assessed technology and its comparator(s)
outcomes (outcome identification, measurement and valuation)?
Examination of costs | What are the estimated differences in costs and outcomes between E0006
and outcomes the technology and its comparator(s)?
Characterising What are the uncertainties surrounding the costs and economic E0010
uncertainty evaluation(s) of the technology and its comparator(s)?
Characterising To what extent can differences in costs, outcomes, or ‘cost- E0011
heterogeneity effectiveness’ be explained by variations between any sub-groups
using the technology and its comparator(s)?
Validity of the What methodological assumptions were made in relation to the E0013
model(s) technology and its comparator(s)?
Validity of the To what extent can the estimates of costs, outcomes, or economic E0012
model(s) evaluation(s) be considered as providing valid descriptions of the
technology and its comparator(s)?
Table 10 Sub-questions: budget impact
Topic Research Question Element ID
Resource utilisation | How does the technology modify the need for other technologies and | D0023
use of resources?
Resource utilisation | What are the likely budget impacts of implementing/withdrawing the | G0007

technologies being compared?

Chondroitin Sulfate HTA Report

46



Table 11 Sub-questions: legal aspects

Topic Research Question Element ID
Authorisation and What authorisations and register listings does the technology have? | 10015
safety
Table 12 Sub-questions: patient and social aspects
Topic Research Question Element ID
Patient perspectives | How do patients perceive the technology under assessment? H0006
Social group aspects | Are there groups of patients who currently don’t have good access to | H0201
available therapies?
Communication How are treatment choices explained to patients? H0202
aspects
Table 13 Sub-questions: ethical aspects
Topic Research Question Element ID
Benefit-harm balance | What are the perceived benefits and harms for patients when F0010
implementing or not implementing the technology?
Autonomy Will withdrawal of the technology affect the patient’s capability and F0004
possibility to exercise autonomy?
Respect for persons | Will withdrawal of the technology affect human dignity? F0008
Legislation Will withdrawal of the technology affect the realisation of basic human | F0014
rights?
Table 14 Sub-questions: organisational aspects
Topic Research Question Element ID
Process-related costs | How does the technology modify the need for other technologies and | D0023

use of resources?

Chondroitin Sulfate HTA Report




7. Methodology Literature Search

7.1 Databases and Search Strategy

A systematic literature search was conducted on eight biomedical databases (PubMed, Embase, the
Cochrane Library, CINAHL, York Centre for Reviews and Dissemination, CEA Registry, Econlit and
Ethmed) from inception up to 28 September 2018. An updated search was performed to identify
additional studies published between the completion of the scoping report and commencement of the
HTA report. The search was run from 28 September 2018 to 23 April 2019. In addition, ongoing or
unpublished clinical trials were searched from the following databases: ClinicalTrals.gov, Cochrane
Central Register of Controlled Trials, EU Clinical Trials Registry, World Health Organization International
Clinical Trials Registry Platform, Current Controlled Trials MetaRegister and Australian and New
Zealand Clinical Trials Registry. The manufacturers of Structum® and Condrosulf® were contacted to

identify any published or unpublished trials missed by the search strategy.

Search terms included a combination of keywords and medical subject headings (MeSH) relating to
osteoarthritis and CS. The full search strategy for each database is reported in Appendix A. No search
filters were applied. All languages were screened by title and abstract. Selection of studies was limited
to English, French, German and Spanish language studies. Relevant studies in additional languages

were identified to estimate the likelihood of language bias in the search results.

Search results were imported into Endnote X9. Study selection was conducted in duplicate by two
authors who independently reviewed all records by title and abstract, and then full text. Differences were
settled via consensus at each stage of the selection process. Studies were eligible for inclusion if they
met the following inclusion criteria:

e Patients: Osteoarthritis of the hand, knee or hip.

e Intervention: Pharmaceutical-grade CS.

e Comparator: On-demand analgesics or NSAIDs, no pharmaceutical intervention, anti-
inflammatory treatments, or placebo.

e Outcomes: Efficacy/effectiveness outcomes included pain, function, QolL, concomitant
medication use or progression to surgery. Safety outcomes included total and serious adverse
events, withdrawals or discontinuations and mortality.

e Design: English, French, German and Spanish language studies. randomised controlled trials
(RCTs) with at least six months follow-up were included or efficacy and effectiveness outcomes.
RCTs, non-randomised comparative and single-arm studies with no minimum follow-up were

included for safety-related outcomes.
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Full details of the study inclusion criteria are described in Sections 5.1—5.4. and listed in the PICO
boxes (see Section 5.6). Generic search terms for osteoarthritis were used. The search strategy did not

include specific terms for hand, finger or thumb, and may have missed studies as a result.

Additional grey literature databases that were searched for the full HTA are listed in Appendix A.

7.2 Patient and Physician Input

Targeted physician and patient input was sought for specific research questions where no evidence was
identified in the published or grey literature. This process is atypical for HTA reports. A brief list of
guestions was sent to 28 organisations representing patients with osteoarthritis, and physicians treating
osteoarthritis. Questions were based around the specific EUnetHTA Core Model questions related to
social, ethical and organisational aspects. The questions sent to organisations are presented in

Appendix G.

7.3 Assessment of Quality of Evidence

The risk of bias of included trials was assessed using the Cochrane risk of bias tool for randomised trials
2.0. In addition, the overall strength of evidence for each key outcome measure was evaluated using
the Grading of Recommendations, Assessment, Development and Evaluations (GRADE) approach. For
GRADE summary tables refer to Section 8.1, Table 47 — Table 51. For study specific risk of bias refer
to Section 8.4.
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8. Efficacy, Effectiveness and Safety

8.1 Summary Statement Efficacy, Effectiveness and Safety

A moderate number of trials formed the evidence base for CS (k = 26). When the trials were meta-
analysed, there was a statistically significant effect of CS on pain, Lequesne index and OMERAC-OARSI
responder rate at six months. The effects were subject to moderate levels of heterogeneity; did not
persist to later time points (12 and 24 months); and it was unclear if they translated into clinically
important differences. There was generally no effect of CS on other critical and important outcomes
including function, radiographic evidence of disease progression and quality of life. The comparative
safety of CS relative to NSAIDs, paracetamol and placebo is unclear owing to the lack of power in the
analyses. Further, most studies evaluated CS in the context of knee osteoarthritis. As such, the effects
of CS on the hand and hip is uncertain. There are few ongoing clinical trials, so it is unlikely that
uncertainties within the current evidence base will be addressed in the near future. For the summary of

findings tables refer to Table 47, Table 48, Table 49, Table 50 and Table 51.

8.2 Methods

Appraisal

Two independent researchers conducted the quality appraisal, including risk of bias assessment with
differences settled via consensus. Studies were appraised for risk of bias using the Cochrane risk-of-
bias tool for randomised trials version 2.0. The overall quality of the evidence per outcome was assessed

using GRADE.

Meta-Analysis

Safety, efficacy and effectiveness outcomes containing at least two RCTs were meta-analysed using
Review Manager Version 5.3 (The Cochrane Collaboration, 2014). Dichotomous outcomes were
analysed using the Mantel-Haenszel statistical method with random effects models. The results of the
analyses were reported as risk ratio (RR) with 95% confidence interval (95% CI). Continuous outcomes
were analysed using the inverse variance method with random effects meta-analysis. Continuous
outcomes were reported as MD or standardised mean difference (SMD) with 95% ClI, reflecting the
heterogeneity of the scales and measures used to assess the outcome. Random-effects models were

used to account for variation in disease severity (or other population-based factors), CS manufacturer
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and/or dosage across the included studies. The results from the meta-analyses were considered

statistically significant if the confidence intervals around point estimates did not cross the null.

For pain outcomes, studies reporting VAS and WOMAC were pooled. If a study reported both measures,
the most frequently reported measure (out of all included studies) was included in the meta-analysis.
For a list of studies reporting both measures and the effect the measure had on the meta-analysis, refer

to Table 71.

For outcomes with less than two trials, or where it was inappropriate to pool trials, the results were

described narratively.

A SMD of 0.2, 0.5 and 0.8 represent small, moderate and large effect sizes as suggested by the

Cochrane Handbook (v5.1.0).8

Sub-Group Analysis

Sub-group analyses included the dose of CS, use of minimum pain score, pain assessment instrument
and manufacturer of CS. The manufacturer sub-group replaced the species sub-group as few studies
reported the origin of CS. For pain and function outcomes, baseline pain scores (< 40 and > 40mm or
per cent of total score) and assessment instruments (VAS and WOMAC) constituted additional sub-
groups. Further, treatment duration (short-term [< 6 months] compared to long-term [> 6 months]) was

an additional sub-group consideration for the safety-related outcomes.

Sensitivity Analysis

Sensitivity analysis was performed to evaluate the effect of study-level characteristics, specifically risk
of bias, on the outcomes of the outcomes of the meta-analyses. The sensitivity analysis utilised the
same meta-analysis methodology as mentioned above. However, the studies are stratified into groups
based on funding, randomisation, allocation, blinding of participants, and outcomes and intention-to-

treat analysis domains.

Heterogeneity

The results of the meta-analysis were presented using forest plots that presented a visual representation
of variability in the reported effect sizes across studies. Heterogeneity and inconsistency were assessed
statistically using the Chi? test (whereby P < 0.10 represents significant heterogeneity) and the 12
statistic. The thresholds for low, moderate, substantial and considerable heterogeneity followed those
proposed in the Cochrane handbook (0—40% might not be important; 30—60 moderate; 50—90

substantial; and 75—100 considerable heterogeneity). It is worth noting that the importance of the 12
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result was dependent on the size and direction of the measured effect, and the strength of evidence for

heterogeneity (i.e. Chi? result).

Assessment of Publication Bias

The risk of publication bias was assessed for analyses including at least 10 studies by visual inspection
of the funnel plot.”* In addition, clinical trial registries (e.g. clinicaltrials.gov) were searched to identify

unpublished studies as a means of narratively describing the risk of publication bias.

Missing Values

Missing standard deviations (SDs) were obtained from available standard errors using the following

formula:

SD = SE x VN

To meta-analyse paracetamol utilisation, the results were standardised to the number of tablets per day.
This was achieved by dividing the number of tablets per month, or total cumulative dose, by 30 or the

number of days during follow-up, respectively.
Studies reporting VAS in centimetres were converted to scores in millimetres.

To meta-analyse the VAS mobility scores, the values were reversed to generate a consistent effect
direction and measurement. For example, the scores for CS and placebo at 12 months were 86.0 and
68.0 (out of 100), respectively.5® Therefore, to use these results in the meta-analysis, the final value was

subtracted from 100 (14.0 and 32.0, respectively).

For studies which only reported the outcomes graphically, Webplot digitizer was used to generate

numerical values.

Efficacy and Effectiveness

The efficacy of CS is informed by trials with a placebo comparator arm. There are, however, no real-
world trials evaluating CS. Consequently, the relative effectiveness of CS is informed by trials
comparing the drug to an active comparator. In this instance, NSAIDs and paracetamol were selected
as the appropriate comparators as these drugs reflect real-world practice. It is important to note, the
statistical interpretation of studies using an active comparator differs from that of placebo trials. A lack
of statistically significant difference between treatment groups could indicate that the two drugs are

equally effective, ineffective or unable to tell the difference between the two groups.
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Safety

For safety-related outcomes, the number of patients experiencing an event was reported unless

otherwise stated.

The ICH guidelines note that severe and serious events are not synonymous.’? Rather, “severe”
describes the intensity of the event, noting the event may not necessarily be of medical significance.
“Serious” events are those that pose a threat to the life or function of a patient. A serious adverse event
is a reaction that results in death or is life-threatening (an event resulting in hospitalisation or
incapacitation or disablement of an individual).”? The included studies did not specify whether they
defined adverse events based on these criteria. It is therefore inappropriate to retrospectively apply the
guidelines to the current studies, given the general under-reporting of adverse events, which often lack
detail. Rather, the study’s definition of severe and serious will be used. The lack of standardisation of
adverse events may over- or under-estimate the true effect, thereby limiting the conclusions of the safety

sections.

Individual populations indicated for CS treatments have been analysed separately, in order to determine
whether population differences led to differences in adverse event rates. It is acknowledged that the
results could have been combined across the three indications, noting that this does not change the

overall outcome of the safety analysis.

8.3 PRISMA Flow Diagram

The results of the systematic literature searches are presented in Figure 2. The database searches
yielded a total of 3,182 results. The results from each database are listed in Appendix A. After de-
duplication, 2,638 were reviewed by title and abstract, and 105 were reviewed by full-text. In total, 26
relevant RCTs met the inclusion criteria for the clinical section of the scoping report.28 59 64 69 73-94 The
reasons for excluding articles reviewed by full text are listed in Appendix B. No additional studies were

identified by the manufacturers of Structum® and Condrosulf®.

English, French, German and Spanish articles were included in the HTA report. Russian studies were
not included in the scoping report but were screened by title and abstract. Of the Russian studies
identified in the database searches, two RCTs% ° and four single-arm studies®’-19° potentially met the
inclusion criteria for this review based on the information in the abstract. Two French articles were unable

to be sourced and covered studies shorter than six months and were thus excluded from the report.10t

102

No PRISMA diagrams are provided for ethical, legal, social and organisational issues as the searches

were conducted in both a systematic and non-systematic (targeted) manner.
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Figure 2 PRISMA flow chart for study inclusion

Notes
a = studies may report safety, efficacy and/or effectiveness data.

Chondroitin Sulfate HTA Report

54



8.4 Evidence Tables: Study Characteristics and Risk of Bias

Twenty-six studies were included in the assessment of safety (k = 25),28 59 64 73-75 77-86 88-94 efficacy (k =
18)28 59 64 69 74 75 78 80 82 86-88 90 92 94 103 and effectiveness (k = 5)75 85 88 89 94 Of CS (Tab|e 15_Tab|e 17)
Raynauld®’ utilised the data from Wildi®2, similarly, the cohort assessed in Sawitzke 20081 is likely
captured in Sawitzke 2010%8. Therefore, to prevent double counting, only the study characteristics from
Wildi®2 and Sawitzke 201088 will be discussed. It is worth noting, the studies did not significantly differ in
risk of bias scores. The trials were conducted in Europe (k = 20) or North America (k = 4), with France
and Switzerland reporting the greatest number of studies (k = 8 and 9, respectively). The majority of
studies were reported in English with two trials translated from French 787° and one trial”® from German.
Most trials evaluated CS in the context of knee osteoarthritis (k = 21)28 59 64 69 73-75 78-81 83 85 86 88-90 92-94
followed by hand (k = 2)77%% and hip (k = 1).76¢ The number of patients assessed from each trial ranged
from 438 to 9537% (median n = 131) with the length of follow-up ranging from 3 to 24 months for safety,

and 6 to 24 months for efficacy studies.?s 88

Inclusion criteria were similar across all knee studies and generally encompassed patients who were at
least 40 years of age and had symptomatic osteoarthritis as inferred by the ARC criteria for osteoarthritis,
Kellgren & Lawrence scale (two to three) and VAS scores (> 40mm). The symptoms of osteoarthritis
had to be present for at least one to six months prior to entry to the study. Patients were excluded if they
had severe osteoarthritis, knee lesions or deformities or previous joint surgery or intraarticular injections
within the past six months. To be eligible for hand osteoarthritis studies, patients were required to have
symptomatic (> 12 months) osteoarthritis affecting two joints as inferred by the ARC criteria and/or

radiographic evidence. The inclusion criteria for hip osteoarthritis was not reported.

CS was administered daily in 400, 500 or 800mg tablets or sachets; 400mg tablets were taken twice or
three times per day to achieve total doses of 800mg (k = 12)28 59 6974 77 8283 89 90 9294 gnd 1,200mg,
respectively (k = 8)78 7576788588 91 93: 500mg tablets were taken twice a day to achieve a total dose of
1,000mg (k = 3).648086 One trial did not report the dose used.8! IBSA (k = 13)59 69 73 74 76-79 82Reginster, 2017
#1590 9193 \as the most frequently reported manufacturer of CS followed by Bioiberica (k = 6)75 83858889
92 Pierre Fabre (k = 4)54808186 93 gnd TSI Health (k = 1).28 The placebo treatments were poorly reported.
However, when mentioned, they were indistinguishable from the active treatment in terms of appearance
and taste. Active comparators included paracetamol® and COX-2 selective NSAIDs: Celecoxib
(Pfizer)7™s 85 8 94 Celecoxib was dosed at 200mg/day. Paracetamol (manufacturer NR) was dosed at

3g/day for six months. In addition, most studies included paracetamol as a rescue analgesic.

Of the patients enrolled, most were in their late 50s or early 60s, female (55—70%), overweight (BMI =

30kg/m?) and had Kellgren & Lawrence and ACR function scores of two and VAS scores of 50—70mm,
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suggesting moderate painful osteoarthritis. Patients reported experiencing osteoarthritis symptoms for
approximately five to ten years before participating in the study. One study included patients with
concomitant knee osteoarthritis and psoriasis.®3 Generally, there was no difference in baseline

demographics between patients receiving CS, placebo, NSAIDs or paracetamol.

The most commonly reported outcome for safety-related studies was withdrawal due to adverse events
(k = 23) and gastrointestinal events (k = 12). The most frequently reported outcome for efficacy and
effectiveness was pain at six months as measured by WOMAC, VAS or a 10-point scale (k =9 and 5
respectively). Few studies evaluated the long-term effects of CS (= 12 months), the comparative
effectiveness (k = 4 for celecoxib and k = 1 for paracetamol), and the critical and important outcomes of

‘quality of life’ and ‘progression to joint replacement or arthroscopy’.

The study-specific risk of bias for efficacy-, effectiveness-, and safety-related outcomes are reported in
Figure 3, and the summaries of risk of bias are presented in Figure 4 and Figure 5. Overall, the
included studies were largely subject to inadequate reporting, rather than poor methodology per se.
Most studies had unclear randomisation procedures, allocation concealment and blinding procedures.
This was most evident in older, foreign language articles. Further, due to the subjective nature of the
key outcomes (i.e. patient-reported pain and function), the potential for bias in the measurement of the
outcome is high if blinding was not clearly established. Intention-to-treat was the predominate method
of data analysis with few studies utilising per-protocol analyses. Several studies had incomplete or
selectively reported data as baseline but not follow-up measurements were presented. No reason was
provided over the omission of these measurements. Over one quarter of the studies had a direct conflict
of interest related to the involvement of industry funding bodies in the design, conduct, analysis or
reporting of the studies, while 15 of the 25 studies had declared funding conflicts. The overall level of
bias was similar across studies included for the analysis of safety, effectiveness and efficacy of CS and

between studies evaluating the knee, hip or hand.

Sawitzke®8 103 studied a subset of patients who were enrolled in the GAIT trial.”® Patients received their
respective treatments (placebo, glucosamine, CS, glucosamine plus CS, or celecoxib) for an additional
18 months (total of 24 months). Given the overlap of participants, the 12- and 24-month data from
Sawitzke® 103 have been used in the efficacy and effectiveness sections. The six-month results from the
GAIT trial were informed by Clegg.”® However, both trials will be included in the assessment of safety

as the safety outcomes were reported as of the last follow-up.
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Table 15 Characteristics of included studies for safety, efficacy and effectiveness (knee)

Author, Indication; Design; Intervention Relevant Relevant outcomes
year; Sample size; Follow-up; comparator*
country indication Setting
requirement
Bourgeois Knee RCT Chondroitin Placebo Safety
19987 n=127 3 months sulfate Adverse events
France ACR stages | to | Single centre | (Condrosulf®) Gastrointestinal
If trial 1,200mg/day adverse events
Withdrawals due to
adverse events
Bucsi Knee RCT Chondraoitin Placebo Efficacy
19987 n=85 6 months sulfate Pain (VAS)
Hungary Kellgren & Multi-centre | (Condrosulf®) Function (20m walk
Lawrence scale | trial 800mg/day time)
1-3 Paracetamol intake
Lequesne index
Safety
Patient & physician
judgement of global
efficacy and tolerability
(4-point scale)
Clegg Knee RCT Chondraoitin Placebo Efficacy/Effectivenes
20067 n=1583 24 weeks sulfate S
USA Kellgren & Multi-centre (Donated by | Celecoxib, Pain (VAS, WOMAC,
Lawrence scale | trial Bioiberica, (Celebrex, OMERACT-OARSI)
2-3, WOMAC SA, Pfizer) Function (WOMAC,
pain score 125- Barcelona) 200mg/day OMERACT-OARSI)
400, knee pain 1,200mg/day QoL (SF-36, HAQ)
>6m Acetaminophen
consumption
Safety
Adverse events
Serious adverse
events
Fransen Knee RCT Chondroitin Placebo Efficacy
2015% n =605 24 months sulfate Pain (10-point scale,
Australia Knee pain >6m, | Primary care (manufactured WOMAC)
worst VAS setting by TSI Health Function (WOMAC,
>40ml Sciences 50-ft walk time)
Australia) QoL (SF-1 2)
800mg/day Analgesic consumption
Joint space width
Safety
Withdrawals due to
adverse events
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Lequesne 24

Author, Indication; Design; Intervention Relevant Relevant outcomes
year; Sample size; Follow-up; comparator*
country indication Setting
requirement
Kahan Knee RCT Chondroitin Placebo Efficacy
200969 n =622 24 months sulfate Pain (VAS, WOMAC)
France, Knee pain >3m, | Multi-centre | (manufactured Function (WOMAC)
Belgium, VAS >30mm trial by Genevrier Acetaminophen and
Switzerland, Laboratories, NSAID consumption
nga’ Egrxe’ and Joint space width
Switzerland) Safety
800mg/day Adverse events
Patient assessment of
tolerability (4-point
ordinal scale)
L'Hirondel Knee RCT Chondraoitin Placebo Efficacy
199278 n=125 6 months sulfate Lequesne index
Germany | Knee pain Single centre | (Condrosulf®) Pain (VAS)
trial 1,200mg/day Acetaminophen and
NSAID consumption
Safety
Adverse events
Mathieu Knee RCT Chondraoitin Placebo Safety
20027 n =300 24 months sulfate Withdrawal due to
Switzerland | Osteoarthritis of | Single centre | 800mg/day adverse events
the knee Rheumatology
according to clinic
the ACR criteria
Mazieres Knee RCT Chondraoitin Placebo for 3 | Efficacy
199281 n=114 5 months (3 sulfate months Lequesne index
France Osteoarthritis of | months (Structum®) Pain (VAS)
knee according | treatment) Analgesic and NSAID
to ACR criteria, | Single centre (permitted)
Kellgren & trial consumption
Lawrence scale Safety
14?6%/28 Adverse events

Discontinuation of
treatment due to
adverse event
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1-3

Author, Indication; Design; Intervention Relevant Relevant outcomes
year; Sample size; Follow-up; comparator*
country indication Setting
requirement
Mazieres Knee RCT Chondroitin Placebo for 3 | Efficacy
20018 n=132 6 months (3 sulfate months Lequesne index
France Osteoarthritis of | months (Structum®) Pain (VAS)
knee according | treatment) 1,000mg/day, Function (VAS)
to ACR criteria, Rheumgtc_)logy for 3 months Analgesic and NSAID
Kellgren & & GP clinics (permitted)
Lawrence scale consumption
E3%nms Safety
Lequesne 4-11 Adverse events
(spontaneously
reported)
Discontinuation of
treatment due to
adverse event
Mazieres Knee RCT Chondroitin Placebo Efficacy
20078 n =307 24 weeks plus | sulfate Pain on activity and at
France, Knee pain >6m, | further 8 (Structum®) rest (VAS)
Switzerland | VAS >40mm, | weeks follow- | 1,000mg/day Lequesne index
Kellgren & up OMERACT-OARSI
Lawrence scale | Rheumatology criteria responders
2-3, Lequesne | clinics Analgesics and NSAID
6-12 consumption
QoL (SF-12)
Safety
Adverse events
Discontinuation of
treatment due to
adverse event
Michel Knee RCT Chondraoitin Placebo Efficacy
20058 n = 300 24 months sulfate Pain (WOMAC)
Switzerland | Osteoarthritis of | Outpatient (Condrosulf®) Function (WOMAC)
knee according | clinic; private | 800mg/day Acetaminophen and
to ACR criteria, | rheumatology NSAID consumption
Kellgren & practices Joint space width
Lawrence scale Safety

Adverse events
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to ACR criteria,
Kellgren &
Lawrence scale
2-3, VAS
>30mm

Author, Indication; Design; Intervention Relevant Relevant outcomes
year; Sample size; Follow-up; comparator*
country indication Setting
requirement
Moller Knee RCT Chondroitin Placebo Efficacy
20108 n=129 3 months sulfate Pain (VAS)
Spain Osteoarthritis of | Multi-centre (supported by Lequesne index
knee according | trial Bioiberica) Acetaminophen
to ACR criteria, 800mg/day consumption
Psoriasis Assessment of efficacy
(patient and
investigator)
QoL (SF-36, DLQL)
Safety
Adverse events
Tolerability
Pelletier Knee RCT Chondraoitin Celecoxib Efficacy/effectivenes
2016% n =194 24 months sulfate (Pfizer, s
Canada Osteoarthritis of | Outpatient (Bioiberica SA, | Canada) Pain (VAS, WOMAC)
knee according | and private Barcelona) 200mg/day Function (WOMAC)
to ACR criteria, | clinics, 1,200mg/day QoL (SF-36)
Kellgren & Canada Acetaminophen
Lawrence scale consumption
2-3, VAS Cartilage volume
>40mm ,
Synovial membrane
thickness
Safety
Withdrawal due to
adverse events
Adverse events
Serious adverse
events
Railhac Knee RCT Chondraoitin Placebo Efficacy/effectivenes
201286 n=48 48 weeks sulfate s
France Osteoarthritis of | Rheumatology | (Structum®) Pain (VAS)
knee according | clinics 1,000mg/day Lequesne index

Paracetamol &/or
NSAID consumption

Safety
Adverse events
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Author, Indication; Design; Intervention Relevant Relevant outcomes
year; Sample size; Follow-up; comparator*
country indication Setting
requirement
Raynauld Knee Post-hoc Chondroitin Placebo for6 | Effectiveness
2013% n=57 (n=69in | analysis sulfate months, Progression to total
Canada original RCT) | Follow-up (Condrosan®) | 800mg CSfor | knee replacement
Osteoarthritis of | (phone call, 4 | 800mg/day following 6
knee according | years post months
to ACR criteria, | study
Kellgren & inception)
Lawrence scale | (Wilde 2011
2-3, VAS report on
>40mm original RCT)
Reginster Knee RCT Chondroitin Placebo Efficacy/effectivenes
2017% n = 604 6 months sulfate s
Belgium, Osteoarthritis of | Multi-centre | (Condrosulf®) | Celecoxib Pain (VAS)
Czech knee according | trial 800mg/day (Celebrex, Lequesne index
Republic, to ACR criteria, Pfizer) Paracetamol
Italy, pain >3m, VAS 200mg/day consumption
Poland, >50mm Safety
Switzerland
Adverse events
Sawitzke Knee RCT Chondraoitin Placebo Efficacy
201088 n = 662 24 months sulfate Pain (WOMAC,
USA (Ancillary to (participants | 1,200mg/day | Celecoxib, OMERACT/OARSI)
GAIT - Clegg remaining on (Celebrex, Function (WOMAC)
2006; longer- originally Pfizer) Safety
term follow-up a§3|gned 200mg/day Adverse events
dala) N blinded Serious adverse
Osteoarthris of treatlment) events
knee according | Multi-centre
to ACR criteria, | trail
Kellgren &
Lawrence scale
2-3, pain >6m
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Author, Indication; Design; Intervention Relevant Relevant outcomes
year; Sample size; Follow-up; comparator*
country indication Setting
requirement
Sawitzke Knee RCT Chondraoitin Placebo Efficacy
2008102 n =357 24 months sulfate Joint space width
USA (Ancillary to (participants | 1,200mg/day | Celecoxib,
GAIT - Clegg remaining on (Celebrex,
2006; longer- originally Pfizer)
term follow-up | assigned 200mg/day
data) blinded
Osteoarthritis of | treatment)
knee according | Multi-centre
to ACR criteria, | trial
Kellgren &
Lawrence scale
2-3, pain >6m
Tio 201789 | Knee RCT Chondraoitin Paracetamol | Effectiveness
Spain n=70 6 months sulfate 3g/day Pain (VAS)
Osteoarthritis of | Rheumatology | (Condrosan®) Lequesne index
knee according | unit of 800mg/day
to ACR criteria, | hospital,
Kellgren & Spain
Lawrence scale
2-3,
Uebelhart Knee RCT Chondroitin Placebo Efficacy
20049 n=120 12 months sulfate Pain (VAS)
Switzerland | Osteoarthritis of | Multi-centre | (Condrosulf®) Function (20m walk
knee according | trial 800mg/day for time)
to ACR criteria, two 3-month Paracetamol
Kellgren & periods (0-3 consumption
Lawrence scale and 6-9) over Lequesne index
1-3 ; e1ri20(rjnonth Safety
Adverse events
Uebelhart Knee RCT Chondroitin Placebo Efficacy
1998 n=46 12 months sulfate Pain (VAS)
Switzerland | NR Division of (Condrosulf®) Function (VAS)
physical 800mg/day Safety
medicine Adverse events
rehabilitation
as in- or out-
patients
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Author, Indication; Design; Intervention Relevant Relevant outcomes
year; Sample size; Follow-up; comparator*
country indication Setting
requirement
Wildi Knee RCT Double-blind Double-blind | Efficacy
2011104 n=69 12 months (2 | phase: phase: Pain (VAS, WOMAC)
Switzerland, | QOsteoarthritis of | phases) Chondraoitin Placebo for6 | Function (WOMAC)
USA, knee according | Multi-centre sulfate months QoL (SF-36)
Belgium, to ACR criteria, | trial (Condrosan®) | Open label Safety
Italy, :
. y Kellgren & 800mg/day for | phase: Adverse events
rance Lawrence scale 6 months Open label
2-3, VAS Open-label use of
>40mm phase: chondroitin
CS 800mg/day | Sulfate
for 6 months | 800mg/day
for 6 months
Zegels Knee RCT Chondraoitin Chondroitin Efficacy
2013% Osteoarthritis of | 3 months sulfate sulfate gel Function (Algo-
Belgium, knee according | Multi-centre | (Condrosulf®) | (Condrosulf®) | functional LI)
France, to ACR, VAS trial 1,200mg/day | 1,200mg/day | Pain (VAS)
Switzerland | >40mm, . Consumption of
Lequesne index Placebo paracetamol
27
Safety
Adverse events

Abbreviations

ACR = American College of Rheumatology, HAQ = health assessment questionnaire, NSAID = non-steroidal anti-inflammatory

drug, OARSI = Osteoarthritis Research Society International, OMERACT = Outcome Measures in Rheumatology, QoL =
quality of life, RCT = randomised controlled trial, SF-36 = Short Form-36, VAS = visual analogue scale, WOMAC = Western

Ontario and McMaster Universities Osteoarthritis Index.

Notes

* = Only comparators relevant to the current PICO are listed, other comparators may have been investigated, ** = grading

system no known, a = study only used in safety analysis.
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Table 16 Characteristics of included studies for safety, efficacy and effectiveness (hand)

Author, Indication; Design; Intervention Comparator | Outcomes
year Sample size Follow-up;
Setting
Gabay Osteoarthritis of | RCT Chondraoitin Placebo Efficacy
20117 hand according | 6 months sulfate Pain (VAS)
Switzerlan | to ACRcriterian | Rheymatology | (Condrosulf®) Function (FIHOA score,
d =162 outpatient 800mg/day grip strength)
clinic, single Acetaminophen
centre consumption
Safety
Adverse events
Patient assessment of
tolerability (4-point
ordinal scale)
Verbrugge | Hand RCT Chondroitin Placebo Efficacy
n2002° | Osteoarthritis of | 36 months sulfate (lactose- Progression of
Belgium | hand according | Rheumatology | (Condrosulf®) | monohydrat | osteoarthritis
to radiological | clinic 1,200mg/day €) Developing, worsening of
evidence 1,500mg/da | erosive osteoarthritis
n=165 y Safety
Withdrawal due to
adverse events

Abbreviations

ACR = American College of Radiology, FIHOA = Functional Index for Hand OsteoArthritis, RCT = randomised controlled trial,
VAS = visual analogue scale.

Table 17 Characteristics of included studies for safety, efficacy and effectiveness (hip)

Author, Indication; | Design; Follow- | Intervention Comparator | Outcomes

year Sample size | up; Setting

Conrozier | Osteoarthriti | RCT Chondraoitin Placebo, Efficacy

& Vignon | softhehip | 6 months sulfate once daily Pain (VAS)

19927 n =256 Single centre (Condrosulf®) | for six Lequesne index

Germany 1,200mg/day for | months Function (Maximum
6 months

walking distance,
morning stiffness)

Frequency of waking
each night

Acetaminophen
consumption

Safety
Adverse events

Abbreviations

NR = not reported, RCT = randomised controlled trial, VAS = visual analogue scale.

Chondroitin Sulfate HTA Report

64




Bougeoizs 1998
Bucsi 1998
Clegy 2006

Conrozier 1992

Fransen 2015
Gabay 2011
Kahan 2009

L'Hirondel 1992

Mathiew 2002

Mazieres 1992

Mazieres 2001

Mazieres 2007
Michel 2005

Pelletier 2016
Railhac 2012
Raynauld 2013
Reginster 2017
Sawitzke 2008
Sawitzke 2010
Tio 2017
Uehelhart 1998
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Figure 3 Study-specific risk of bias for efficacy/effectiveness (left) and safety (right) outcomes

Chondroitin Sulfate HTA Report

65



Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (peformance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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Figure 4 Summary of therisk of bias in the included RCTs assessing efficacy and effectiveness
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Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)
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Figure 5 Summary of the risk of bias in the included RCTs assessing safety
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8.5 Results: Efficacy

D001 What is the expected beneficial effect of the technology on mortality?

Osteoarthritis is not life-threatening, and CS is not expected to improve survival or life expectancy.

Therefore, this question is not considered relevant to the current HTA.

D005 How does the technology affect symptoms and findings (severity, frequency) of the

disease or health condition?

The critical outcome—pain—and the important outcomes—analgesic and NSAID use—were considered

when answering this research question.

Knee Osteoarthritis: CS vs Placebo

Knee osteoarthritis: CS vs Placebo, Pain at six months

Nine studies provide evidence on pain as measured by VAS and WOMAC at six months.59 69 74 75 80 86 90
92 94 All nine studies are included in the meta-analysis. Overall, there are statistically significant
differences between the CS and placebo groups (SMD -0.28, 95% CI -0.47, -0.09, p = 0.004). The Chi?
test and |2 statistic indicate considerable levels of heterogeneity and inconsistency (p < 0.0001 and |2 =
75%). For further information regarding pain at six months and the corresponding forest plot refer to

Figure 6.

Much of the heterogeneity relates to the effect sizes observed in Bucsi’™* and Uebelhart.>® These studies
were at high and low risk of bias, respectively, and are among the oldest studies evaluating the effects
of CS. Given Uebelhart>® was at low risk of bias it suggests that the results are unlikely to stem from

poor methodology or reporting of outcomes.

Sub-group analyses determined there are significant differences between CS and placebo groups in
studies that: use VAS to measure pain (p = 0.0009); IBSA CS (p = 0.0001); 800mg/day of CS (p = 0.02);
have a baseline pain £ 40mm or 40% of total score (p = 0.001) and did not specify or had a broad
inclusion criteria with respect to pain (p = 0.05). There are no further sub-group differences when
factoring manufacturer, dose or baseline pain. Sensitivity analyses determined, studies that have
unclear randomisation (p = 0.02), allocation (p = 0.0008), blinding of participants (p = 0.0008) and
outcomes (p = 0.0004) report statistical differences between the treatment groups. Lastly, studies that

blinded appropriately (p = 0.02), use intention-to-treat analysis (p = 0.003) and declare funding from
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sponsors (p = 0.004) also report differences between treatment groups. There are no further sensitivity
differences when considering intention-to-treat analysis, funding source and risk of bias parameters

(randomisation, allocation and blinding of participant) (Table 73).

The measures of WOMAC and VAS differ between the included studies. For example, studies utilise
scales between 0 — 50075 for WOMAC or note VAS reflected spontaneous pain>°°, pain during activity®®
86 or do not report the context in which pain was felt.5° 92 Further, studies report final scores5° 74758086 %0

94 or change from baseline.??

Chondroitin Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Uebelhart 1998 (1) 24 21 21 48 19 21 8.7% -1.13F1.78,-0.47] 1998 I —
Bucsi 1993 (2) a2 23 39 a5 26 46 5.9% -0.92 F1.37,-0.47] 1998
Uehelhart 2004 {33 408 239 54 476 268 a6 10.4% -0.28 065, 0.10] 2004 —
Clegg 2006 (4) 1517 1131 38 181 1131 313 158% 0.01 [-0.15, 016] 2006 -
Mazieras 2007 (5) 36 24 183 41 23 154 142% -0.21 [0.44,0.01] 2007 —
Kahan 2009 (8) -228 248 308 166 2089 I 158% -0.27 F0.43,-012] 2009 ——
Wildi 2011 (73 -14.8 237 35 -203 0 221 M B4% 024 [-0.24, 071] 2011 e
Railhae 2012 (8) 151 175 21 152 216 22 B4% -0.00 [0.60, 0.59] 2012 I E—
Reginster 2017 {9 2806 228 160 368 223 172 144% -0.36 [F0.58,-0.18] 2017 —
Total (35% CI) 1110 1131 100.0% -0.28 [-0.47, -0.09] -
Heterogeneity: Tau®= 0.08; Chi®=31.10, df= 8 (P =0.0001);, F=74% i_2 i1 b 1‘ 21

Testfor overall effect. 2= 2.80 (F = 0.004) Favours Chondroitin Favours Placebo
Footnotes

(1) Final score, VAS, n = unclear

(2) Final score, VAS

(3) Final score, VAS

(4) Final score, WOMAC Pain scale 0-500
(5) Final score, VAS

(6) Change from baseline, VAS

(7) Change from baseline, VAS

(8) Final scaore, VAS

(9) Final score, VAS

Figure 6 Forest plot indicating the standardised mean difference in pain for chondroitin sulfate

compared to placebo at six months (knee)

Knee osteoarthritis: CS vs Placebo, Pain at 12 months

Seven studies provide evidence on pain as measured by VAS, WOMAC and a 10-point scale at 12
months.28 59 69 86 88 90 92 Al seven studies are included in the meta-analysis. Overall, there are no
statistically significant differences between the CS and placebo groups (SMD -0.17, 95% CI -0.37, 0.02,
p = 0.07). The Chi? test and I2 statistic indicate moderate levels of heterogeneity and inconsistency (p =
0.04 and 1?2 = 55%). For further information regarding pain at 12 months and the corresponding forest

plot refer to Figure 7.

There are no significant sub-group differences between CS and placebo groups when factoring
manufacturer, dose or baseline pain. Sensitivity analyses determined there are significant differences

between CS and placebo groups in studies that had unclear allocation (p = 0.01). There are no further
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sensitivity differences in intention-to-treat analysis, funding source and risk of bias parameters

(randomisation, allocation and blinding of participant) (Table 74).

Much of the heterogeneity relates to the effect size reported in Uebelhart®®, this study was at ‘low’ risk

of bias suggesting the results are unlikely to stem from poor methodology or reporting of outcomes.

The measures of pain differ between the included studies. For example, studies using scales between
0—1028, are unclear in their reporting of WOMAC scales® or use VAS.59699092 VAS measures assess
spontaneous pain®° 9, pain during activity8 or do not report the context in which pain was felt.92 Further,
studies report final scores5° 86 8890 gr change from baseline.®? % If the WOMAC scores are used instead
of VAS scores from Fransen?8, the p-value for the 12-month pain analysis changes from 0.07 to 0.05

indicating a statistically significant difference between the two groups.

Chondroitin Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Uebelhart 1998 (1) 113 2158 21 478 2532 21 B.7% =111 [F1.77,-0.46] 1988 —
Uebelhart 2004 (2} 343 274 54 458 276 56 13.8% -0.42 [-0.79,-0.04] 2004 —
Kahan 2009 (3) -21.8 257 309 -21.2 201 33 248% -0.07 [-0.23,0.09] 2009 —=
Sawitzke 2010 (4) 238 M2 a0 25 181 78 1BT% -0.06 [-0.37,0.258] 2010 —
Wildi 2011 (5) -21 27 32 -247 25 26 9.4% 0.14 [-0.38,0.66] 2011 I E—
Railhac 2012 (B) 6.8 107 22 102 133 21 7.6% -0.28 [-0.88,0.32] 2012 —— —
Fransen 2015 (7} 4 28 151 41 25 181 11% -0.04 [[0.26,0.19] 2015 -
Total {95% CI) 669 666 100.0% -0.17 [-0.37, 0.02] L 2
Heterogeneity, Tau®= 0.03; Chi*= 13,46, df= 6 (P = 0.04%; F= 55% ' 1 |

2 1 ] 1 2

Testfor overall effect Z=1.79 (F = 0.07) Favours Chondroitin - Favours Placebo

Eootnotes

(1) Final score, VAS

(2) Final score, VAS

(3) Change from baseline, VAS

(4) Final score, WOMAC Pain scale unclear
(5) Change from baseline, VAS

(6) Final score, VAS

(7) Final score, 10-point pain scale

Figure 7 Forest plot indicating the standardised mean difference in pain for chondroitin sulfate

compared to placebo at 12 months (knee)

Knee osteoarthritis: CS vs Placebo, Pain at 24 months

Four studies provide evidence on pain as measured by WOMAC and a 10-point scale at 24 months.?8
69 82 8 A|l studies are included in the meta-analysis. Overall, there are no statistically significant
differences between the CS and placebo groups (SMD -0.24, 95% CI -0.61, 0.13, p = 0.20). The Chi?
test and I? statistic indicate considerable levels of heterogeneity and inconsistency (p < 0.0001 and I? =
90%). For further information regarding pain at 24 months and the corresponding forest plot refer to

Figure 8.

There are no significant sub-group differences when factoring manufacturer, dose or baseline pain.

Sensitivity analyses determined there are significant differences between CS and placebo groups in
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studies that have unclear allocation, blinding of participants and funding (p < 0.00001 for all groupings).
There are no further differences when factoring intention-to-treat analysis, funding source or risk of bias
parameters (randomisation, allocation and blinding of participants). The sensitivity differences occur
when Michel®? is the only included study in the analysis. This study has ‘some’ risk of bias owing to

unclear allocation, blinding of participants, incomplete data and selective reporting (Table 75).

The measurements of WOMAC differ between the included studies. For example, studies utilise scales
between 0—1082, 0—2028 or 0—1008° or are unclear regarding the scale used.8 Further, studies report
final scores?888, change from baseline® or per cent change from baseline.82 No VAS scores are included

in the meta-analysis.

Chondroitin Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Michel 2005 (1) 11 59 150 -B2 48 1580 25.3% -0.82 [-1.05,-0.58] 2005 —a—
Kahan 2009 {2) -118 227 3089 -99 214 33 IBT% -0.07 [-0.23,0.08] 2009 .
Sawitzke 2010 (3) 222 206 g9 225 177 66 22.7% -0.02 [-0.35,0.32] 2010 —
Fransen 2015 (4) 44 3B 151 48 35 151 254% -0.06 [-0.28,0.17] 2015 —
Total {95% CI) 679 680 100.0% -0.24 [-0.61, 0.13] -l
Heterogeneity: Tau®= 0.13; Chi*= 31.57, df= 3 (P = 0.000013; F = 90% 5_2 51 b 15 25

Testfor overall effiect: Z=1.29 (P = 0.20) Favours Chondroitin  Favours Placebo

Footnotes

(1) Percent change from baseline, WOMAC pain scale 0-10
(2) Change from baseline, WOMAC pain scale 0-100

(3) Final score, WOMAC pain scale unclear

(4) Final score, WOMAC pain scale 0- 20

Figure 8 Forest plot indicating the standardised mean difference in pain for chondroitin sulfate

compared to placebo at 24 months (knee)

Knee Osteoarthritis: CS vs Placebo, OMERACT-OARSI at 6 months

Four studies provide evidence on the OMERACT-OARSI responder rate.” 80 88 94 Three studies are

included in the meta-analysis™ 894 and one is narratively described.88

Overall, there are statistically significant differences between the CS and placebo groups (RR, 1.18,
95% CI 1.08, 1.29, p = 0.0001). The Chi? test and I? statistic indicate low levels of heterogeneity and
inconsistency (p = 0.85 and I = 0%). Sub-group and sensitivity analyses are not performed owing to
the number of studies in the meta-analysis. For further information regarding OMERACT-OARSI

responder rate at six months and the corresponding forest plot refer to Figure 9.
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Chondroitin Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Clegg 2006 208 318 178 313 471% 1.1511.01,1.30] —i—

Mazieres 2007 104 143 86 184 234% 1.22[1.02,1.45] —

Reginster 2017 132 199 113 205 2845% 1.20[1.03,1.41] —

Total (95% CI) 670 672 100.0% 1.18 [1.08, 1.29] "

Total events 444 rr

Heterageneity: Tau®= 0.00; Chi*= 0,34, df= 2 (P = 0.84); F= 0% 50_5 D?? 1?5 25
Testfor overall effect 2= 3.80 (P = 0.0001) Favours Placebo Favours Chondroitin

Figure 9 Forest plot indicating the risk ratio in the OMERACT-OARSI responder rate at 6

months (knee)

One study was not included in the meta-analysis as it reported the adjusted odds ratio (OR) rather than
absolute values.® The analysis controlled for age, gender, body mass index class, pain, Kellgren &
Lawrence grade and time. The authors concluded that there was no statistically significant difference
between the treatment groups regarding OMERACT-OARSI responder rate (OR 0.89, 95% CI 0.53,
1.50, p = NR).

Knee Osteoarthritis: CS vs Placebo, OMERACT-OARSI at 12 and 24 months

No study reported OMERACT-OARSI responder rate at 12 or 24 months.

Knee Osteoarthritis: CS vs Placebo, Paracetamol Intake at six months

Five studies provide evidence on the use of paracetamol at six months.%° 747578 Four are included in the
meta-analysis. Overall, there are no statistically significant differences between the CS and placebo
groups (MD -0.01, 95% CI -0.07, 0.04, p = 0.62). The Chi? test and the |2 statistic indicate low levels of
heterogeneity and inconsistency (p = 0.49 and |12 = 0%). For further information regarding paracetamol

use at six months and the corresponding forest plot refer to Figure 10.

Sub-group and sensitivity analyses determined there are no significant differences when factoring
intention-to-treat analysis, manufacturer, dose, funding source and risk of bias parameters

(randomisation, allocation and blinding of participants and outcomes) (Table 76).
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Chondroitin Placebo Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI

L'Hirandel 1982 14 07 63 14 1.2 62 28% 0.00 [0.35,0.35] 18592

Bucsi 1998 0z o0z 34 0.3 0.4 46 178%  -0.10[0.23,003] 1993 T

Clegg 2006 19 149 38 18 18 313 36% 0.10[0.19,0.39] 2006 S R —

Kahan 2009 0z 04 309 0.2 04 313 TE4% 0.00 [-0.06, 0.06] 2009

Total (95% CI) 729 734 100.0%  -0.01 [-0.07, 0.04]

Heterogeneity: Tau®= 0.00; Chi*=2.44 df= 3(P =048}, F=0% f } 1 t {
] -1 -0.58 1] 0.5 1

Testfor overall efiect 2= 0.48 (P = 0.62) Favours Chondroitin - Favours Placebo

Figure 10 Forest plot indicating the mean difference in daily paracetamol intake for chondroitin

sulfate compared to placebo at six months (knee)

One study reports the number of patients who consumed paracetamol over the study period and was
consequently not included in the meta-analysis. Overall, the study concluded there was no statistically
significant difference between the number of patients utilising paracetamol at six months (p = 0.76). For

further information refer to Table 18.

Table 18 Chondroitin sulfate compared to placebo: Paracetamol intake at six months (knee)

Author year Outcome reported | Chondroitin sulfate | Placebo p-value
Mean £ SD Mean £ SD
n/N (%) n/N (%)
Wildi 201192 Number of patients 25/32 (78.1%) 19126 (73.1%) 0.76
using paracetamol

Abbreviations
n = number of patients, N = total number of patients, SD = standard deviation.

Knee Osteoarthritis: CS vs Placebo, Paracetamol Intake at 12 months

One study provides evidence on the use of paracetamol at 12 months.®° %2 The study concluded there
was a statistically significant difference between CS and placebo groups (p < 0.05). For further

information refer to Table 19.

Table 19 Chondroitin sulfate compared to placebo: Paracetamol intake at 12 months (knee)

Author year Outcome reported | Chondroitin sulfate | Placebo p-value
Mean * SD Mean * SD
n/N (%) n/N (%)
Uebelhart 2004% | Number of 0304 0608 <0.05
tablets/days

Abbreviations
n = number of patients, N = total number of patients, SD = standard deviation.
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Knee Osteoarthritis: CS vs Placebo, Paracetamol Intake at 24 months

One study provides evidence on the use of paracetamol at 24 months.® Overall, the mean
number of tablets per day was similar between the two groups. However, given that statistical
significance was not reported, it is unclear whether the two groups differed. For further

information refer to Table 20.

Table 20 Chondroitin sulfate compared to placebo: Paracetamol intake at 24 months (knee)

Author year Chondroitin sulfate Placebo p-value
Mean * SD Mean * SD
Sawitzke 201088 1.3+1.6 1.3+1.8 NR

Abbreviations
SD = standard deviation

Knee Osteoarthritis: CS vs Placebo, NSAID Intake at six months

Three studies provide evidence on the use of rescue NSAIDs.788092 A meta-analysis was not performed
owing to the different measures of NSAID use (number of patients®, units per month?8, and number of

days used?®9), therefore, the results are described narratively.

Two studies concluded there was no statistically significant difference between CS and placebo
groups-8°92 One study noted a statistically significant difference between the treatment groups when the
number of units per month was considered.”® However, the variance and the statistical test underlying

this result were not reported. For further information refer to Table 21.

Table 21 Chondroitin sulfate compared to placebo: NSAID intake at six months (knee)

Author year Outcome Chondroitin Placebo p-value
reported sulfate niN (%) or
n/N (%) or mean * SD
mean * SD
L’Hirondel NSAID units 3+NR 8 £NR <0.01
199278 per month
Mazieres Number of 6.9+20.2 921246 0.38
200780 days used
Wildi 201192 Number of 25/32 (78.1%) | 19/26 (73.1%) | 0.76
patients, %

Abbreviations
g = grams, mg = milligrams, n = number of patients, N = total number of patients, NR = not reported, NSAIDs = non-steroidal
anti-inflammatory drugs, SD = standard deviation.

Chondroitin Sulfate HTA Report 73



Knee Osteoarthritis: CS vs Placebo, NSAID Intake at 12 months

No study reported NSAID utilisation at 12 months.

Knee Osteoarthritis: CS vs Placebo, NSAID Intake at 24 months

Two studies provide evidence on the use of rescue NSAIDs at 24 months.?8 6 A meta-analysis was not
performed owing to the different measurements of NSAID use (number of patients?® and cumulative
dose®?). Therefore, the results are described narratively. Both studies concluded there was no
statistically significant difference between CS and placebo groups. For further information refer to Table

22.

The studies did not report which NSAID was used throughout the follow-up period and one study

included simple opioids and NSAIDs in their measure.?8

Table 22 Chondroitin sulfate compared to placebo: NSAID intake at 24 months (knee)

Author year Outcome reported | Chondroitin Placebo p-value
sulfate niN (%) or mean %
n/N (%) ormeanx | SD
SD

Fransen 2015% Number of patients, | 17/151 (11.3%) 28/151 (18.5%) 0.20
%
Kahan 200962 Cumulative 189 £ 22 226 + 24 0.30

ibuprofen
equivalent (g)

Abbreviations
g = grams, mg = milligrams, n = number of patients, N = total number of patients, NR = not reported, NSAIDs = non-steroidal
anti-inflammatory drugs, SD = standard deviation.

Hip Osteoarthritis: CS vs Placebo

Hip Osteoarthritis: CS vs Placebo, Pain at 6 months

One study provides evidence on pain as measured by VAS at six months.”® There was a statistically
significant difference between the CS and placebo groups with respect to VAS scores at the end of the

study. For further information refer to Table 23.
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Table 23 Chondroitin sulfate compared to placebo: Pain at six months (hip)

Author year Outcome Chondroitin Placebo p-value
sulfate Mean % SD
Mean * SD
Conrozier & Vignon | Pain VAS 0— -42.6 £ NR -2+ NR <0.001
199276 100mm
(change from
baseline %)

Abbreviations
mm = millimetres, NR = not reported, SD = standard deviation, VAS = visual analogue scale.

Hip Osteoarthritis: CS vs Placebo, Pain at 12 or 24 months

No study reported pain at 12 or 24 months.

Hand Osteoarthritis: CS vs Placebo

Hand Osteoarthritis: CS vs Placebo, Pain and Paracetamol Intake at six months

One study provides evidence on pain as measured by VAS and paracetamol use at six months.”” The
study reported statistically significant differences between the CS and placebo groups with respect to
hand pain (p = 0.016). However, the intake of paracetamol did not differ between the two groups (p =

NR). For further information refer to Table 24.

Table 24 Chondroitin sulfate compared to placebo: Pain and paracetamol intake at six months

(hand)
Author year Outcome Time point | Chondroitin Placebo p-value
sulfate Mean  SD
Mean * SD
Gabay 201177 | Global Baseline 549 +14.2 53.6 £14.2 NR
assessment of 6 months 349+253 423+24.9 0.016
hand pain (VAS
0—100mm)
Paracetamol 6 months 19+28 20142 NS
consumption
(tablets/week)

Abbreviations
mm = millimetres, NR = not reported, NS = not significant, SD = standard deviation, VAS = visual analogue scale for pain.
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Hand Osteoarthritis: CS vs Placebo, Pain or Paracetamol Intake at 12 and 24 months

No study reported pain or paracetamol use at 12 or 24 months.

D006 How does the technology affect progression (or recurrence) of the disease or health

condition?

The important outcomes of progression to joint replacement or arthroscopy and radiographic evidence

of disease progression were considered when answering this research question.

Knee Osteoarthritis: CS vs Placebo

Knee osteoarthritis: CS vs Placebo, Progression to knee replacement at 48 months

One study provides evidence on the incidence of total knee replacement following CS.8” The authors
contacted 57 participants from Wildi®2 four years after completing the study to determine how many had
undergone a total knee replacement (TKR). Of the original cohort, 13 underwent TKR, however, there
was no statistically significant difference between patients who received CS (n = 4/30) and placebo (n
=9/27) (p = 0.094). A multivariate regression determined that significant predictors of knee replacement
included baseline pain (WOMAC) (HR 1.1, 95% CI 1.0, 1.2, p = 0.001), bone marrow lesions in the
medial compartment (HR 2.1, 95% CI 1.4, 3.3, p = 0.001), and C-reactive protein levels (HR 1.2, 95%
Cl 1.0, 1.5, p = 0.024). It is worth noting, this study is likely underpowered to detect differences between

the CS and placebo groups.

Knee Osteoarthritis: CS vs Placebo, Minimum Joint Space Width at 24 months

Four studies provide evidence on minimum joint space width at 24 months.28 6982103105 Three studies
are included in the meta-analysis?® ¢ 82 and one is described narratively.1%® Overall, there is no
statistically significant difference between the CS and placebo groups (SMD 0.19, 95% CI -0.06, 0.45,
p = 0.14). The Chi? test and |2 statistic indicate considerable level of heterogeneity and inconsistency (p
=0.01 and I = 77%). For further information regarding joint space width at 12 months and corresponding

forest plot refer to Figure 11.

If the change in joint space width scores are used instead of final scores from Fransen?8, the p-value for
the 24-month analysis remains unchanged (p = 0.07). The final scores were presented because the

number of patients reporting this outcome was higher.
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Chondroitin Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Michel 2005 (1) 0.045 048 1580 -0.07 056 150 32.4% 0.22[-0.01,0.45] 2005 -
Kahan 2009 (2) -0.07 053 309 -031 071 313 37.3% 0.38[0.22,0.54] 2008 -
Fransen 2015 {3} 363 1.068 117 A7 104 121 304% -0.07 [[0.32,0.19] 2014 —
Total (95% CI) 576 584 100.0% 0.19 [-0.06, 0.45] L
Heterogeneity: Tau®= 0.04; Chi*= 869, df= 2 (P=0.01%; F=77% ) R 5 1 7

Testioroverall efiect Z=1.49 (P =0.14) Favours Placebo Favours Chondroitin

Footnotes

(1) Change in J3W
(2) Change in JSW
(3)Final JSW

Figure 11 Forest plot indicating the standardised mean difference in minimum joint space width

for chondroitin sulfate compared to placebo at 24 months (knee)

One study utilised mixed-effects regression to evaluate mean joint space width after adjusting for
baseline joint space width, pain score, disease duration, weight status, Kellgren/Lawrence grade and
weeks of treatment, gender, and recruitment site.1% Given the unadjusted values were not reported the
study was excluded from the meta-analysis. It is worth noting, if the results are included, the results from
the meta-analysis remain unchanged (SMD 0.18, -0.01, 0.37, p = 0.07). For further information refer to
Table 25.

Table 25 Chondroitin sulfate compared to placebo: minimum joint space width at 24 months

(knee)
Author year Chondroitin sulfate Placebo Difference from
Mean + SD Mean + SD placebo (95% Cl)
Sawitzke 2008 0.107 £NR 0.166 £ NR -0.059 (-0.287, 0.169)
Abbreviations

Cl = confidence interval, NR = not reported, SD = standard deviation.

Knee Osteoarthritis: CS vs Placebo, Cartilage Volume at 24 months

No study reported cartilage volume at 24 months.

Hip Osteoarthritis: CS vs Placebo

Joint space width, cartilage volume or synovial membrane thickness was not assessed in any study

evaluating hip osteoarthritis.
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Hand Osteoarthritis: CS vs Placebo

Hand Osteoarthritis: CS vs Placebo, Anatomical Lesion Progression Scores at 36 months

One study reports a cumulative measure of joint space width, changes to osteophytes and subchondral
cysts.® The study concluded there were no statistically significant differences between CS and placebo
with respect to distal, proximal and metacarpophalangeal joint lesion progression scores. The standard

deviation was not reported for any variable. For further information refer to Table 26.

Table 26 Chondroitin sulfate compared to placebo: Anatomical lesion progression score at 36

months (hand)

Author year Joint Chondroitin sulfate | Placebo p-value
mean * SD mean * SD

Verbruggen 2002 | Distal interphalangeal | 2.6 + NR 35+£NR 0.16
joint
Proximal 2.3+ NR 2.8+ NR 0.37
interphalangeal joint
Metacarpophalangeal | 0.4 £ NR 0.5£NR 0.70
joint

Abbreviations
NR = not reported, SD = standard deviation.

D0011 What is the effect of the technology on patient body function?

The critical outcome function and the Lequesne index were considered when addressing this question.

Knee Osteoarthritis: CS vs Placebo

Knee Osteoarthritis: CS vs Placebo, Function at six months

Three studies provide evidence on function as measured by VAS and WOMAC at six months.28 59 8
Overall, there are no statistically significant differences between the CS and placebo groups (SMD -
0.02, 95% CI -0.24, 0.21, p = 0.88). The Chi? test and I? statistic indicate moderate levels of
heterogeneity and inconsistency (p = 0.15 and I = 46%). Sub-group and sensitivity analyses are not
performed owing to the number of studies in the meta-analysis. For further information regarding

function at 12 months and the corresponding forest plot refer to Figure 13.
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The measurements of WOMAC differ between the included studies. For example, studies use scales

between 0—6828 or are unclear in their reporting of scales. One study reports VAS mobility as a

measure of function.5® All studies report final scores.285988

Chondroitin Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean 5D Total Mean 5D Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Uebelhart 1998 {1) 75 19 21 B7 19 21 11.2% 0.41 [0.20,1.03] 1988
Clegg 2006 (2) 5441 3941 318 5403 3F41 0 313 63.3% 0.01 [0.15,0.17] 2006
Sawitzke 2010 (3) 248 201 103 286 216 115 355% -0.20 [-0.46, 0.07] 2010
Total (95% CI) 442 449 100.0% -0.02 [-0.24, 0.21]

Heterogeneity: Tau®= 0.02; Chi®= 3.73, df= 2 (F = 0.14); F= 46%
Test for overall effect £Z=0.16 (P = 0.88)

Footnotes

(1) Final score, VAS mobility 0 - 10
(2) Final score, WOMAC function
(3) Final score, WOMAC function

-1 0 1 7
Favours Placebo Favours Chondroitin

Figure 12 Forest plot indicating the standardised mean difference in function for chondroitin

sulfate compared to placebo at six months (knee)

Knee Osteoarthritis: CS vs Placebo, Function at 12 months

Three studies provide evidence on function as measured by VAS and WOMAC at 12 months.285988 Al

three studies are included in the meta-analysis. Overall, there are no statistically significant differences

between the CS and placebo groups (SMD 0.17, 95% CI -0.25, 0.58, p = 0.43). The Chi2 test and I2

statistic indicate considerable levels of heterogeneity and inconsistency (p = 0.02 and 1?2 = 76%). Sub-

group and sensitivity analyses are not performed owing to the number of studies in the meta-analysis.

For further information regarding function at 12 months and the corresponding forest plot refer to Figure

13.

The measurements of WOMAC differ between the included studies. For example, studies utilise scales

between 0—6828 or are unclear in their reporting of scales.8 One study reports VAS mobility as a

measure of function.5® All studies report final scores.285988
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Favours Chondroitin Chondroitin Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean S50 Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Uebelhart 1998 (1) 86 14 1 B3 23 21 221% 0.93[0.29,1.97] 1998 -
Sawitzke 2010 {2) 2549 M6 80 274 188 78 3B.9% -0.07 [-0.39,0.24] 2010

Fransen 20145 (3) 16.2 11.8 181 1645 127 181 41.0% -0.02[-0.25,0.200 2015

Total {95% CI) 252 250 100.0% 0.17 [-0.25, 0.58]

Heterogeneity: Tau®=0.10; Chi®=8.21, df= 2 (P = 0.02);, F= 76% 1_2 I1 b 1I 2!
Testforoverall effect Z=10.78 (P=10.43) Favours Placebo  Favours Chondroitin
Footnotes

(1) Final score, VAS mobility 0 - 10
(2)Final score, WOMAC function scale unclear
(3) Final score, WOMAC function scale 0 - 68

Figure 13 Forest plot indicating the standardised mean difference in function for chondroitin

sulfate compared to placebo at 12 months (knee)

Knee Osteoarthritis: CS vs Placebo, Function at 24 months

Two studies provide evidence on function as measured by WOMAC at 24 months.?85988 88 Both studies
are included in the meta-analysis. Overall, there are no statistically significant differences between the
CS and placebo groups (SMD -0.04, 95% CI -0.23, 0.14, p = 0.65). The Chi2 test and |2 statistic indicate
low levels of heterogeneity and inconsistency (p = 0.85 and |12 = 0%). Sub-group and sensitivity analyses
are not performed owing to the number of studies in the meta-analysis. For further information regarding

function at 24 months and the corresponding forest plot refer to Figure 14.

The measurements of WOMAC differ between the included studies. For example, studies utilise scales

between 0—6828 or are unclear in their reporting of scales.8 All studies reported final scores.28 59 88 88

Chondroitin Placebo Std. Mean Difference 5td. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Sawitzke 2010 (1) 233 20 B9 247 185 66 30.9% -0.07 041, 0.27] 2010
Frangsen 2015 (2) 174 131 191 178 129 181 B9.1% -0.03 [0.26,0.19] 2019
Total (95% CI) 220 217 100.0% -0.04 [-0.23, 0.14]
Heterogeneity: Tau®= 0.00; Chi*= 0.04, df=1 (P = 0.84), F= 0% 5_2 I1 b 1! 2!
Testfor overall effect Z=10.45 (P = 1.65) Favours Chondroitin  Favours Placebo

Footnotes
(1) Final score, WOMAC Function scale unclear
(2) Final score, WOMAC Function scale 0- 68

Figure 14 Forest plot indicating the standardised mean difference in function for chondroitin

sulfate compared to placebo at 24 months (knee)

Knee Osteoarthritis: CS vs Placebo, Walk Test at six months

Two studies provide evidence on knee function as inferred by a 20m walk test at six months.74 9 All

studies are included in the meta-analysis. Overall, there are no statistically significant differences
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between the CS and placebo groups (MD -2.08, 95% CI -4.37, 0.20, p = 0.07). The Chi? test and I?
statistic indicate low levels of heterogeneity and inconsistency (p = 0.70 and 12 = 0%). Sub-group
analyses were not performed owing to the number of studies in the meta-analysis. For further

information regarding the 20m walk test at six months and the corresponding forest plot refer to Figure

15.
Chondroitin Placebo Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Bucsi 19598 22Aa BB 34 5 74 46 53.5%  -2A0[-563 063] ——
ehelhart 2004 MA 494 54 231 BA A6 465%  -1.60[4.95 1.749] —
Total {95% CI) 93 102 100.0%  -2.08 [4.37,0.20] e
Heterogeneity: Tau®= 0.00; Chi*= 015, df=1 {P=0.70); F= 0% f f i

10 5 0 5 10

Testfor overall effect 2=1.78 (P=0.07) Favours Chondroitin  Favours Placebo

Figure 15 Forest plot indicating the mean difference in 20m walk time for chondroitin sulfate

compared to placebo at six months (knee)

Knee Osteoarthritis: CS vs Placebo, Walk Test at 12 months

Two studies provide evidence on knee function as inferred by a walk test at 12 months.28 %0 All studies
are included in the meta-analysis. Overall, there are no statistically significant differences between the
CS and placebo groups (SMD -0.17, 95% CI -0.45, 0.12, p = 0.26). The Chi? test and I? statistic indicate
moderate levels of heterogeneity and inconsistency (p = 0.18 and 1?2 = 45%). Sub-group and sensitivity
analyses are not performed owing to the number of studies in the meta-analysis. For further information

regarding the walk test at 12 months and the corresponding forest plot refer to Figure 16.

The studies utilise different distances to assess knee function (1528 and 20m®° respectively). This may

underscore the moderate levels of heterogeneity observed in the analysis.

Chondroitin Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Uehelhart 2004 (1) 201 BB 84 227 OTTY A6 36.9% -0.36 [-0.F3, 0,02
Fransen 2014 {2} g4 17 1491 g5 2 181 B31% -0.05[-0.28,0.17]
Total (95% Cl) 205 207 100.0% 047 [-0.45,0.12]

Heterogeneity: Tau®=0.02; Chi®=1.81, df=1 (P =0.18); F= 45% I

- i 1 0.5 0 0.5 1
Testfor overall effect Z=1.13 (P = 0.26) Favours Chondroiin Favours Placebo

Fooinotes
(1) 20m walk test
(2) 50ft walk test (15.2m)

Figure 16 Forest plot indicating the standardised mean difference in 20m walk time for

chondroitin sulfate compared to placebo at 12 months (knee)
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Knee Osteoarthritis: CS vs Placebo, Walk Test at 24 months

One study provides evidence on knee function as inferred by a walk test at 24 months.?® The study
concluded there was no statistically significant difference between the two treatment groups with respect

to walk time at 24 months (p = 0.61). For further information refer to Table 27.

Table 27 Chondroitin sulfate compared to placebo: 20m walk time at 24 months (knee)

Author year Chondroitin sulfate Placebo p-value
Walk time (s) Walk time (s)
mean * SD mean * SD

Fransen 2015% 8417 84+19 0.61

Abbreviations
Cl = confidence interval, m = metres, s = seconds, SD = standard deviation.

Knee Osteoarthritis: CS vs Placebo, Lequesne Index at six months

Seven studies provide evidence on Lequesne index at six months.64 747880869094 Gy stydies are included

in the meta-analysis®4 7480869094 and one study is described narratively.’®

Overall, there are statistically significant differences between CS and placebo groups (MD -1.02, 95%
Cl -1.73, -0.31, p = 0.005). The Chi2 test and the |2 statistic indicate moderate levels of heterogeneity
and inconsistencies between the studies (p = 0.09 and 12 = 47%). For further information regarding the

Lequesne index score at six months and the corresponding forest plot refer to Figure 17.

Sub-group analyses determined there are significant differences between CS and placebo groups in
studies that use IBSA CS (p = 0.03) and 800mg/day of CS (p = 0.03). There are no further differences
when factoring manufacturer or dose. Sensitivity analyses identified statistically significant differences
between CS and placebo groups in studies which: declare funding from the manufacturer (p = 0.005) or
have unclear randomisation (p = 0.03), allocation (p = 0.005) and blinding of participants (p = 0.005).
Further, studies that do not adequately blind outcomes (p = 0.05) and perform an intention-to-treat
analysis (p = 0.005) also report statistically significant differences between the groups. There are no
further differences considering intention-to-treat analysis, funding source and risk of bias parameters

(randomisation, allocation and blinding of participant) (Table 77).

Busci™ reports the Lequesne index for both left and right knees. The left knee data is presented,
although the overall conclusions of the meta-analysis do not change depending if the right knee is used

in the analysis (MD, -0.81, 95% CI -1.28, -0.34, p = 0.0008).

Much of the heterogeneity relates to the effect size reported in Bucsi.”* This study is at a high risk of

bias.
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No MCIDs for Lequesne index were identified. However, a MD of 1.02 (95% CI -1.73, -0.31])

corresponds to a 4.3% (95% ClI 1.3, 7.2%) change in the Lequesne index. It is unclear whether this per

cent change translates to a clinically meaningful difference.

Chondroitin

Study or Subgroup  Mean

5D Total Mean

Placebo
5D Total

Mean Difference

Weight IV, Random, 95% Cl Year

Mean Difference
IV, Random, 95% CI

Bucsi 1998 ThE 432 3l 111 48 46 1045% -340[-5.37 -1.63] 14998 -

Mazieres 2001 6.2 4 63 T4 41 GBY 155% -1.20F2.59,019] 2001 e

Uehelhart 2004 67 34 a4 FR I a5 153% -0.80[2.20,060] 2004 =1

Mazieres 2007 T2 037 1483 7733 184 261% -0.80[-1.28,0.28] 2007 —=

Railhac 2012 7A 36 22 73042 al 4% 020214, 254] 2012 I E—

Reginster 2017 71 38 160 8 38 172 253% -080[-1.73,-007] 2017 —

Total (95% Cl) 49 516 100.0% -1.02 [1.73,-0.31] ‘

Heterogeneity: Tau®= 0.24; Chi*= 9.45, df= 5 (P = 0.09); F= 47% =—1D % p % 1D=

Testfor overall effect: Z=2.81 (P = 0.005)

Favours Chondroitin Favours Placebo

Figure 17 Forest plot indicating the mean difference in Lequesne index score for chondroitin

sulfate compared to placebo at six months (knee)

One study was not included in the meta-analysis as the measure of variance (SD) was not reported.

The study did note a statistically significant difference between the two treatment groups at six months

(p = 0.01). For further information, refer to Table 28.

Table 28 Chondroitin sulfate compared to placebo: Lequesne index at six months (knee)

Author year Chondroitin Placebo p-value
Lequesne index Lequesne index
mean * SD mean % SD

L’Hirondel 199278 46 +£NR 8.8+NR 0.01

Abbreviations
NR = not reported, SD = standard deviation.

Knee Osteoarthritis: CS vs Placebo, Lequesne Index at 12 months

Two studies provide evidence on the Lequesne index at 12 months. Both studies are included in the
meta-analysis. Overall, there are no statistically significant differences between the CS and placebo
groups (MD -0.89, 95% CI -2.11, 0.34, p = 0.16). The Chi? test and I? statistic indicate low levels of
heterogeneity and inconsistency (p = 0.37 and 12 = 0%). Sub-group and sensitivity analyses are not
performed owing to the number of studies in the meta-analysis. For further information regarding the

Leqguesne index score at 12 months and the corresponding forest plot refer to Figure 18.
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Chondroitin Placebo Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl

Uehelhart 2004 58 36 a4 T 39 A6 T5.8% -1.20 [-2.60, 0.20] —._

Railhac 2012 69 43 22 68 4 2 242% 010238, 2.58] B —

Total {95% CI) 76 77 100.0%  -0.89 [-2.11,0.34] P
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Figure 18 Forest plot indicating the standardised mean difference in Lequesne index for

chondroitin sulfate compared to placebo at 12 months (knee)

Knee Osteoarthritis: CS vs Placebo, Lequesne Index at 24 months

No study reported Lequesne index score at 24 months.

Hip Osteoarthritis: CS vs Placebo

Hip Osteoarthritis: CS vs Placebo, Walk test and Lequesne Index at six months

One study provides evidence on walk test and the Lequesne index at six months.”® The study reported
a statistically significant difference between the CS and placebo groups with respect to the Lequesne
index score (p < 0.001). However, the maximum walking distance did not differ between the two. For

further information refer to Table 29.

Table 29 Chondroitin sulfate compared to placebo: Lequesne index and walking distance at six

months (hip)

Author year Outcome Chondroitin Placebo p-value
sulfate Mean  SD
Mean £ SD
Conrozier & Vignon | Lequesne index -36 £ NR -6+ NR <0.001
199276 (change from

baseline %)

Maximum walking | 1,727.3 £ 848.5 1,015.2 £ 454.5 NS
distance (m)

Abbreviations
m = metres, NR = not reported, NS = not significant, SD = standard deviation.
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Hand Osteoarthritis: CS vs Placebo

Hand Osteoarthritis: CS vs Placebo, Morning Stiffness, Functional Index for Hand Osteoarthritis

and Grip Strength at six months

One study provides evidence on functional measures of hand osteoarthritis including morning stiffness,
functional index for hand osteoarthritis (FIHOA) and grip strength at six months.”” Overall, there were
statistically significant differences between the CS and placebo groups with respect to functional index
hand osteoarthritis and duration of morning stiffness. Grip strength did not differ between the two groups

(p = 0.13). For further information refer to Table 30.

Table 30 Chondroitin sulfate compared to placebo: Morning stiffness, functional index and grip

strength at six months (hand)

Author year Outcome Chondroitin Placebo p-value
sulfate Mean £ SD
Mean £ SD
Gabay 201177 Duration of 11.4 £16.6 120 +£12.7 0.031
morning stiffness
(minutes)
FIHOA 82+59 96+56 0.008
Grip strength 26.5+10.8 256+99 0.13
(kg/lcm?)

Abbreviations
FIHOA = functional index for hand osteoarthritis, kglem?2 = kilogram per centimetre?, SD = standard deviation.

Hand Osteoarthritis: CS vs Placebo, Morning Stiffness, Functional Index for Hand Osteoarthritis

and Grip Strength at 12 and 24 months

No study reported functional outcomes at 12 or 24 months.

D0014 What is the effect of the technology on work ability?

This question could not be addressed with the current evidence base.

D0016 How does the use of technology affect activities of daily living?

This question could not be addressed with the current evidence base.
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D0012 What is the effect of the technology on generic health-related quality of life?

The critical outcome ‘quality of life’ was considered when addressing this question.

Knee Osteoarthritis: CS vs Placebo

Knee Osteoarthritis: CS vs Placebo, SF-12 and Health Assessment Questionnaire at six months

Two studies provide evidence on quality of life using the SF-12 and HAQ at six months.”> 8 Owing to
the different domains measured in the SF-12 and HAQ a meta-analysis was not performed. Rather, the

results are described narratively.

There was a statistically significant difference between the CS and placebo groups with respect to the
physical domain in the SF-12 questionnaire (p = 0.021).8° However, there was no difference between
the groups with respect to the mental health domain for SF-12 (p = 0.72)8° and for the pain and disability

domains in HAQ (p = 0.60 and p = 0.93, respectively).”® For further information refer to Table 31.

It is unclear whether the change in SF-12 scores resulted in clinically meaningful differences. MCIDs for
SF-12 range from 1.7 to 5.0 across published studies. However, intervention and population differences

potentially limit the applicability of the results (for further information refer to Table 84).

Table 31 Chondroitin sulfate compared to placebo: SF-12 and HAQ scores at six months (knee)

Study Outcome Measure Chondroitin Placebo p-value
sulfate mean * SD
mean £ SD
Mazieres SF-12 physical | Change from 5890 3.8+10.2 0.021
200780 domain baseline
SF-12 mental 1.2+£10.4 03+113 0.72
health domain
Clegg 20067 HAQ Pain Change from -154+£255 -16.6 £28.0 0.60
baseline
HAQ Disability -0.17 £0.34 -0.16 £ 0.36 0.93

Abbreviations
HAQ = health assessment questionnaire, SD = standard deviation, SF-12 = short form-12 health survey.
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Knee Osteoarthritis: CS vs Placebo, SF-12 and Health Assessment Questionnaire at 12 and 24

months

One study provides evidence on quality of life using the SF-12 survey at 12 and 24 months.?2 The study
reported a statistically significant difference between the CS and placebo groups in the mental health
domain at 24 months (p = 0.05). There were no further statistical differences between the two treatment
groups for the mental health or physical domain at any time point. For further information refer to Table

32.

It is unclear whether the statistically significant difference observed for the mental health component
translates to an important clinical difference. MCIDs for the SF-12 mental health component range from
1.8 to 5.4. However, intervention and population differences potentially limit the applicability of the

results (for further information refer to Table 84).

Table 32 Chondroitin sulfate compared to placebo: SF-12 at 12 and 24 months (knee)

Author year SF-12 domain | Follow-up Chondroitin Placebo p-value
duration sulfate mean * SD
mean * SD
Fransen 20152 | Physical Baseline 41089 421196 0.72
12m 447 +89 440+95 0.51
24m 441+94 442 +97 0.47
Mental health Baseline 52.7+£10.3 51.6 £10.7 0.21
12m 52492 51.3+10.6 0.53
24m 53698 51.6+10.0 0.05

Abbreviations
m = months, SD = standard deviation, SF-12 = short form-12 health survey.

Hip Osteoarthritis: CS vs Placebo

Hip Osteoarthritis: Chondroitin Sulfate Compared to Placebo

No study reported quality of life measures for hip osteoarthritis.

Chondroitin Sulfate HTA Report 87



Hand Osteoarthritis: CS vs Placebo

Hand Osteoarthritis: Chondroitin Sulfate Compared to Placebo

No study reported quality of life measures for hand osteoarthritis.

D0013 What is the effect of the technology on disease-specific quality of life?

This question could not be addressed with the current evidence base.

D0010 How does the technology modify the need for hospitalisation?

This question could not be addressed with the current evidence base.

D0029 What are the overall benefits and harms of the technology in health outcomes?

Twenty studies were included to evaluate the safety of CS compared to placebo for knee osteoarthritis
and 15 included studies evaluated the efficacy. Overall, there was a statistically significant difference
between CS and placebo for pain, Lequesne index and OMERACT-OARSI responder rate at six months.
However, the outcomes reported moderate levels of heterogeneity and the clinical relevance was
unclear owing to small effect sizes and lack of MCID guidelines for the Lequesne index. The effects did
not persist at later time points (12 and 24 months). Generally, there were no statistical differences
between the two groups with respect to function, quality of life and paracetamol intake or any safety-

related outcomes.

Two studies evaluated the efficacy of CS for hand and hip osteoarthritis. Overall, there was a significant
difference between CS and placebo for hand- and hip-related pain and some functional indices. The two
treatment groups demonstrated comparable safety profiles, however, adverse events were poorly

reported in trials evaluating hip osteoarthritis.
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8.6 Results: Effectiveness

D001 What is the expected beneficial effect of the technology on mortality?

This question could not be addressed with the current evidence base.

D005 How does the technology affect symptoms and findings (severity, frequency) of the

disease or health condition?

The critical outcome pain and the important outcome analgesic use were considered when answering

this research question.

Knee Osteoarthritis: CS vs NSAIDs

Knee Osteoarthritis: CS vs NSAIDs, Pain at six months

Three studies provide evidence on pain as measured by VAS and WOMAC at six months.”58 % All three
studies are included in the meta-analysis. Overall, there are no statistically significant differences
between the CS and NSAIDs group (SMD -0.25, 95% CI -0.13, 0.64, p = 0.20). The Chi? test and I2
statistic indicate considerable levels of heterogeneity and inconsistency (p < 0.00001 and 12 = 89%).
Sub-group and sensitivity analyses are not performed owing to the number of studies in the meta-
analysis. For further information regarding pain at six months and the corresponding forest plot refer to

Figure 19.

The measures of WOMAC and VAS differ between the included studies. For example, studies utilised
WOMAC scales between 0—50075 or VAS, 8 94 assessed pain on walking,8® or did not report the context

in which pain was felt. 7> ®* Further, studies reported final scores™ % or change from baseline.8>

Favours Chondroitin NSAIDs 5td. Mean Difference Std. Mean Difference
Study or Subgroup Mean 5D  Total Mean 5D Total Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Clegy 2006 (1) 1817 11341 3ME 1357 1083 38 35.9% 0.14 [F0.01, 0.30] 2006
Felletier 2016 {2} -224 6.2 a0 -26.4 8.3 T8 301% 076 [0.44 1.08] 2016 ——
Reginster 2017 (3) 86 228 160 308 224 173 341% -0.08[0.30,0.13] 2017
Total (95% Cl) 558 569 100.0% 0.25 [-0.13, 0.64]

Heterogeneity Tau®=0.10; Chi*= 1815, df= 2 (P = 0.0001); F= 89% I ; } t |

Testfor overall effect Z=1.28 (P = 0.20) -4 2 0 2 4
Favours Chondroitin - Favours NSAIDs

Footnotes

(1) Final score, WOMAC pain scale 0 - 500

(2) Change from baseline, VAS

(3) Final score, VAS

Figure 19 Forest plot indicating the standardised mean difference in pain for chondroitin sulfate

compared to NSAIDs at six months (knee)
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Knee Osteoarthritis: CS vs NSAIDs, Pain at 12 months

Two studies provide evidence on pain as measured by WOMAC at 12 months.85 88 Both studies are
included in the meta-analysis. Overall, there are no statistically significant differences between the CS
and NSAID groups (SMD 0.19, 95% CI -0.03, 0.42, p = 0.09). The Chi2 test and |2 statistic indicate low
levels of heterogeneity and inconsistency (p = 0.74 and I?> = 0%). Sub-group and sensitivity analyses
are not performed owing to the number of studies in the meta-analysis. For further information regarding

pain at 12 months and the corresponding forest plot refer to Figure 20.

The measures of WOMAC differ between the included studies. For example, studies utilise scales
between 0—508% or are unclear in their reporting of scales.®® Further, studies report final scores® or

change from baseline.

Chondroitin Sulphate HSAID Std. Mean Difference 5td. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight |V, Random, 95% Cl IV, Random, 95% CI
Sawitzke 2010 (1) 238 21.2 a0 206 1889 90 55.0% 016 [-0.14, 0.46] ——
Pelletier 2016 (2) -10.5 31 69 -11.2 28 70 450% 0.24 [-0.10, 0.57] T
Total (95% CI) 149 160 100.0% 0.19 [-0.03, 0.42] -
Heterogeneity: Tau®= 0.00; Chi*=0.11, df=1 (P =0.74); = 0% f 25

T2 B
Testfor overall effect: 7= 170 (F = 0.08) Favours Chondroitin - Favours NSAID

Footnotes
(1) Final score, WOMAC pain scale unclear
(2) Change from baseline, WOMAC pain scale 0-50

Figure 20 Forest plot indicating the standardised mean in pain for chondroitin sulfate compared

to NSAIDs at 12 months (knee)

Knee Osteoarthritis: CS vs NSAIDs, Pain at 24 months

Two studies provide evidence on pain as measured by WOMAC at 24 months.85 88 Both studies are
included in the meta-analysis. Overall, there are no statistically significant differences between the CS
and NSAID groups (SMD 0.52, 95% CI -0.11, 1.14, p = 0.10). The Chi? test and |2 statistic indicate
considerable levels of heterogeneity and inconsistency (p = 0.005 and 12 = 87%). Sub-group and
sensitivity analyses are not performed owing to the number of studies in the meta-analysis. For further

information regarding pain at 24 months and the corresponding forest plot refer to Figure 21.

The measures of WOMAC differ between the included studies. For example, studies utilise scales
between 0—508° or are unclear in their reporting of scales.88 Further, studies report final scores® or

change from baseline.®
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Chondroitin Sulphate NSAID Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SO Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl

Sawitzke 2010 (1) 222 206 B3 183 192 TE  49.8% 0.20[-0.13,0.587] —

Felletier 2016 (2} -8.8 27 91 111 28 90 A0.8% 0.83[0.53 1.14] —i—

Total (95% Cl) 160 166 100.0% 0.52 [0.11,1.14] T~
Heterogeneity: Tau®= 0.18; Chi*= 7.84, df= 1 (F = 0.008); F= 87% 5_2 1 p 1 2’
Testior overall effect 2=1.62 (F =0.10) Favours Chondroitin - Favours NSAID
Footnotes

(1) Final score, WOMAC pain scale unclear
(2) Change from baseline; WOMAC pain scale 0-50

Figure 21 Forest plot indicating the standardised mean difference in pain for chondroitin sulfate

compared to NSAIDs at 24 months (knee)

Knee Osteoarthritis: CS vs NSAIDs, OMERACT-OARSI at six months

Two studies provide evidence on the OMERACT-OARSI responder rate at six months. Both are included
in the meta-analysis. Overall, there are no statistically significant differences between the CS and NSAID
group (RR 0.98, 95% CI 0.90, 1.07, p = 0.65). The Chi? test and the I? statistic indicate low levels of
heterogeneity and inconsistency (p = 0.82 and I1> = 0%). Sub-group and sensitivity analyses are not
performed owing to the number of studies in the meta-analysis. For further information regarding

OMERACT-OARSI responder rate at six months and the corresponding forest plot refer to Figure 22.

Chondroitin Sulphate NSAID Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Clegg 2006 208 318 214 38 61.3% 0.97 [0.87,1.09]
Reginster 2017 132 1499 133 199 387% 0.99 [0.86,1.14]
Total (95% Cl) 517 517 100.0% 0.9% [0.90, 1.07]
Total events 340 347
Heterogeneity: Tau= 0.00; Chi¥= 0.05, df=1 (P =0.82); F=0% 50.5 D?? ] 1?5 25
Testfor overall effect Z= 0.46 (P = 0.65) Favours NSAID Favours Chondroitin

Figure 22 Forest plot indicating the risk ratio in the OMERACT-OARSI responder rate at six

months (knee)

Knee Osteoarthritis: CS vs NSAIDs, OMERACT-OARSI at 12 and 24 months

No study reported OMERACT-OARSI responder rate at 12 or 24 months.

Knee Osteoarthritis: CS vs NSAIDs, Paracetamol use at six months

One study provides evidence on the use of paracetamol at six months.” Overall, the mean number of

tablets per day was similar between the two groups. However, given that the statistical significance was
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not reported in either study, it is unclear whether the two groups differed. For further information refer to

Table 33.

Table 33 Chondroitin sulfate compared to NSAIDs: Paracetamol intake at six months (knee)

Author year Outcome reported | Chondroitin sulfate | NSAIDs p-value
Mean * SD Mean * SD
Clegg 20067 Number of 19+19 16+17 NR
tablets/days

Abbreviations
SD = standard deviation.

Knee Osteoarthritis: CS vs NSAIDs, Paracetamol use at 12 months

No study reported paracetamol utilisation at 12 months.

Knee Osteoarthritis: CS vs NSAIDs, Paracetamol use at 24 months

Two studies provide evidence on the use of paracetamol (tablets/day) at 24 months.8°8 A meta-analysis
was not performed as the measure of variance was not reported in one study.8 As such, the results are
described narratively. Overall, the mean number of tablets per day was similar between the two groups
in both studies. However, given that the statistical significance was not reported in either study, it is

unclear whether the two groups differed. For further information refer to Table 34.

Table 34 Chondroitin sulfate compared to NSAIDs: Paracetamol intake at 24 months (knee)

Author year Chondroitin sulfate NSAIDs p-value
mg/day mg/day
mean * SD mean * SD
Sawitzke 20102 09+12 1317 NR
Pelletier 2016 1.2+ NR 0.9+NR NR

Abbreviations

mg = milligrams, NR = not reported, NSAID = non-steroidal anti-inflammatory drug, SD = standard deviation.
Notes

a = unclear how many patients in each arm.
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Knee Osteoarthritis: CS vs Paracetamol

Knee Osteoarthritis: CS vs Paracetamol, Pain at six months

One study provides evidence on pain as measured by VAS (0—100mm).8 The study concluded there
were no statistically significant differences between CS and paracetamol with respect to VAS score at

six months (p = 0.92). For further information refer to Table 35.

Table 35 Chondroitin sulfate compared to paracetamol: Pain at six months (knee)

Author year Chondroitin sulfate Paracetamol p-value
mean * SD mean * SD
Tio 20178 40.8 +22.0 389+27.7 0.92

Abbreviations
SD = standard deviation, VAS = visual analogue scale.

Knee Osteoarthritis: CS vs Paracetamol, Pain at 12 and 24 months

No study reported pain at 12 or 24 months.

D006 How does the technology affect progression (or recurrence) of the disease or health

condition?

The important outcome of radiographic evidence of disease progression was considered when

answering this research question.

Knee Osteoarthritis: CS vs NSAIDs

Knee Osteoarthritis: CS vs NSAIDs, Cartilage Volume and Synovial Membrane Thickness at 24

months

One study provides evidence on cartilage volume and synovial membrane thickness at 24 months.85
The study concludes there is no statistically significant difference in the lateral cartilage volume and
synovial membrane thickness between CS and NSAIDs at the end of the study (p = 0.75 and 0.73,
respectively). However, there are significant differences in medial cartilage volume at 24 months (p =

0.02). For further information refer to Table 36.
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Table 36 Chondroitin sulfate compared to NSAIDs: Cartilage volume and synovial membrane

thickness at 24 months (knee)

Author year Outcome Chondroitin sulfate NSAIDs p-value
mean * SD mean * SD

Pelletier 201685 Cartilage volume (%) 46+30 44+£28 0.75
Lateral compartment
Cartilage volume (%) 6.6+3.3 -84+42 0.02
Medial compartment
Synovial membrane | 0.15+0.26 015+£0.24 0.73
thickness, mm

Abbreviations
m = months, mm = millimetres, NSAIDs = non-steroidal anti-inflammatory drugs, SD = standard deviation.

Knee Osteoarthritis: CS vs Paracetamol
Knee Osteoarthritis: CS vs Paracetamol, Joint Space Width, Cartilage Volume, Synovial
Membrane Thickness at 24 months

No study reported joint space width, cartilage volume or synovial membrane thickness at 24 months.

DO0011 What is the effect of the technology on patient body function?

The critical outcome function and the Lequesne index were considered when addressing this question.

Knee Osteoarthritis: CS vs NSAIDs

Knee Osteoarthritis: CS vs NSAIDs, Function at six months

Two studies provide evidence on knee function as measured by WOMAC at six months.”>85 Both studies
are included in the meta-analysis. Overall, there are no statistically significant differences between the
CS and NSAID groups (SMD 0.40, 95% CI -0.20, 1.01, p = 0.19). The Chi? test and |2 statistic indicate
considerable levels of heterogeneity and inconsistency (p = 0.0007 and 12 = 91%). Sub-group and
sensitivity analyses are not performed owing to the number of studies included in the meta-analysis. For

further information regarding function at six months and the corresponding forest plot refer to Figure 23.

The measures of WOMAC differ between the included studies. For example, studies utilise scales
between 0—17085 or 0—1700.7 Further, studies report final scores’® or change from baseline.8 This

may add to the heterogeneity and differing effect sizes.
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Chondroitin Sulphate NSAID Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean 50  Total Mean 50 Total VWeight IV, Random, 95% Cl IV, Random, 95% Cl

Clegy 2006 (1) 5441 3841 318 5001 3827 3B 527% 0.11 [0.04, 0.27]

Felletier 2016 (2) -216 B 20 =27 B 78 473% 0.73[0.41,1.08] —i—

Total {95% CI) 398 396 100.0% 0.40 [-0.20,1.01]

Heterogeneity: Tau®=0.17, Chi*=11.40, df=1 {P = 0.0007); F=91% 5_2 11 D 1! 2!
Testfor overall effect Z2=1.31 (F=0.19) Favours NSAIDs Favours Chondroitin
Footnotes

(1) Final score, WOMAC function scale 0- 1700
(2) Change from baseline, WOMAC function scale 0-170

Figure 23 Forest plot indicating the standardised mean difference in function for chondroitin

sulfate compared to NSAIDs at six months (knee)

Knee Osteoarthritis: CS vs NSAIDs, Function at 12 months

Two studies provide evidence on function as measured by WOMAC at 12 months.85 88 All studies are
included in the meta-analysis. Overall, there are no statistically significant differences between the CS
and NSAIDs groups (SMD 0.18, 95% CI -0.05, 0.40, p = 0.12). The Chi2 test and I2 statistic indicate low
levels of heterogeneity and inconsistency (p = 0.52 and 12 = 0%). Sub-group and sensitivity analyses
are not performed owing to the number of studies included in the meta-analysis. For further information

regarding function at 12 months and the corresponding forest plot refer to Figure 24.

The measures of WOMAC differ between the included studies. For example, studies utilise scales
between 0—17085 or are unclear in their reporting of scales.8 Further, studies report final scores8® or

change from baseline.®

Chondroitin Sulphate NSAID Std. Mean Difference 5td. Mean Difference
Study or Subgroup Mean SO Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Sawitzke 2010 {1) 2589 216 80 236 194 0 55.1% 011 F0.18, 0.41]
Pelletier 2016 (2} -26.84 7.08 BY -28.48 543 TD 449% 0.26 [-0.07, 0.59]
Total (95% CI) 149 160 100.0% 0.18 [-0.05, 0.40]
Heterogeneity: Tau®=0.00; Chi*= 041, df=1 (P=0.52); F= 0% 5_2 I1 b 1! 2!
Testfor overall effect Z=1.56 (=012 Favours NSAIDs Favours Chondroitin

Footnotes
(1) Final score, WOMAC function scale unclear
(2) Change from baseline, WOMAC function scale 0-170

Figure 24 Forest plot indicating the standardised mean difference in function for chondroitin

sulfate compared to NSAIDs at 12 months (knee)

Chondroitin Sulfate HTA Report 95



Knee Osteoarthritis: CS vs NSAIDs, Function at 24 months

Two studies provide evidence on function as measured by WOMAC at 24 months.8588 Both studies are
included in the meta-analysis. Overall, there are no statistically significant differences between the CS
and NSAIDs groups (SMD 0.18, 95% CI -0.04, 0.40, p = 0.10). The Chi2 test and I2 statistic indicate low
levels of heterogeneity and inconsistency (p = 0.43 and 1> = 0%). Sub-group and sensitivity analyses
are not performed owing to the number of studies in the meta-analysis. For further information regarding

function at 12 months and the corresponding forest plot refer to Figure 25.

The measures of WOMAC differ between the included studies. For example, studies utilise scales
between 0—17085 or are unclear in their reporting of scales.® Further, studies report final scores®® or

change from baseline.

Chondroitin Sulphate NSAID 5td. Mean Difference 5td. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Sawitzke 2010 (1) 233 20 B3 M6 207 76 446% 0.08 [-0.24,0.41]
Pelletier 2016 (2} -23.9 6.5 91 -256 64 90 55.4% 0.26 [-0.03, 0.558]
Total (95% CI) 160 166 100.0% 0.18 [-0.04, 0.40]
Heterogeneity: Tau®= 0.00; Chi*= 063, df=1 (P=043); F=0% 5_2 I1 b 1! 2!
Testfor overall effect Z=1.63 (F = 0.10 Favours NSAIDs Favours Chondroitin

Footnotes
(1) Final score, WOMAC function scale unclear
(2) Change from baseline, WOMAC function scale 0-170

Figure 25 Forest plot indicating the standardised mean difference in function for chondroitin

sulfate compared to NSAIDs at 24 months (knee)

Knee Osteoarthritis: CS vs NSAIDs, Lequesne Index at six months

One study provides evidence on Lequesne index at six months.”>% Overall, mean Lequesne index was
similar between the two groups. However, given that the statistical significance was not reported in either

study, it is unclear whether the two groups differed. For further information refer to Table 37.

Table 37 Chondroitin sulfate compared to NSAIDs: Lequesne index 6 months (knee)

Author year Chondroitin sulfate NSAIDs p-value
Mean * SD Mean * SD
Reginster 20179 71+£38 70+39 NR

Abbreviations
SD = standard deviation.
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Knee Osteoarthritis: CS vs NSAIDs, Lequesne Index at 12 and 24 months

No study reported Lequesne index at 12 or 24 months.

Knee Osteoarthritis: CS vs Paracetamol

Knee Osteoarthritis: CS vs Paracetamol, Lequesne Index at six months

One study provides evidence on the Lequesne index score at six months.8 The study concluded there
were no statistically significant differences between CS and paracetamol groups with respect to

Lequesne index scores (p = 0.22). For further information refer to Table 38.

Table 38 Chondroitin sulfate compared to paracetamol: Lequesne index scores at six months

(knee)
Author year Chondroitin sulfate Paracetamol p-value
mean * SD mean * SD
Tio 20178 7.7+£33 8.514.6 0.22

Abbreviations
SD = standard deviation.

Knee Osteoarthritis: CS vs Paracetamol, Lequesne Index at 12 and 24 months

No study reported Lequesne index scores at 12 or 24 months.

D0014 What is the effect of the technology on work ability?

This question could not be addressed with the current evidence base.

D0016 How does the use of the technology affect activities of daily living?

This question could not be addressed with the current evidence base.

D0012 What is the effect of the technology on generic health-related quality of life?

The critical outcome ‘quality of life’ was considered when addressing this question.
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Knee Osteoarthritis: CS vs NSAIDs

Knee Osteoarthritis: CS vs NSAIDs, Health Assessment Questionnaire at six months

One study provides evidence on the HAQ at six months. There was no statistically significant difference
between the CS and NSAIDs groups in either the pain or disability domains (p = NR). For further

information, refer to Table 39.

MCIDs for the HAQ disability domain ranged from 0.36 to 0.58. Given the CS and NSAIDs groups are
lower than the reported MCIDs, it is unlikely the differences observed for the disability domain translate
to an important clinical difference. However, intervention and population differences potentially limit the
applicability of the results (for further information refer to Table 84). No MCIDs were identified for the

pain domain.

Table 39 Chondroitin sulfate compared to NSAIDs: HAQ scores at six months (knee)

Author year HAQ Measure Chondroitin NSAIDs p-value
Domain sulfate mean % SD
mean * SD
Clegg 20067 Pain Change from -154+£255 2021274 NR
baseline
Disability -0.17 £0.34 -0.20+£0.35 NR

Abbreviations
HAQ = health assessment questionnaire, NR = not reported, NSAIDs = non-steroidal anti-inflammatory drugs, SD = standard
deviation.

Knee Osteoarthritis: CS vs NSAIDs, Health Assessment Questionnaire at 12 and 24 months

No study reported HAQ scores at 12 or 24 months.

Knee Osteoarthritis: CS vs Paracetamol, Quality of Life at six, 12 and 24 months

No study reported any quality of life measures at six, 12 or 24 months.

D0013 What is the effect of the technology on disease-specific quality of life?

This question could not be addressed with the current evidence base.
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D0010 How does the technology modify the need for hospitalisation?

This question could not be addressed with the current evidence base.

D0029 What are the overall benefits and harms of the technology in health outcomes?

Five studies were included to evaluate the comparative safety and effectiveness of CS to NSAIDs and
paracetamol. Overall, there were no statistically significant differences between CS and NSAIDs with
respect to measures of pain, function, Lequesne index and quality of life outcomes at 6, 12 or 24 months.
Furthermore, there was no difference between the two treatment groups for any safety-related
outcomes. Similarly, there was no difference between CS and paracetamol for pain or function outcomes
at six months. There were higher adverse event rates in the paracetamol group however, the statistical

significance was not reported (36.4% versus 2.9%, respectively).
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8.7 Results: Safety

C0008 How safe is the technology in comparison to the comparator(s)?

The critical outcomes of mortality, severe adverse events, treatment-related severe adverse events and
withdrawal due to adverse event, in addition to the important outcomes of any-, treatment- and

gastrointestinal-related adverse events were considered when answering this question.

Knee Osteoarthritis: CS vs Placebo

Knee Osteoarthritis: CS vs Placebo, Mortality

Three studies provide evidence on mortality.5° 7588 However, owing to the rarity of the event and number
of studies reporting the outcome, a meta-analysis was not performed. The incidence of mortality is

described narratively.

Two deaths were reported across three studies (n = 939). One death was reported in each treatment
arm.598 The death in the placebo arm was deemed unrelated to the intervention (completed suicide).88
By contrast, the cause of death and the relatedness to the intervention in the CS arm was not reported.5°
However, owing to the composition and nature of CS, it is unlikely related to the intervention. For further

details on the incidence of mortality see Table 40.

Table 40 Chondroitin sulfate compared to placebo: Mortality (knee)

Author year Follow-up Chondroitin sulfate Placebo
n/N (%) n/N (%)
Uebelhart 199825 12 months 1123 0/23
(4.3%) (0.0%)
Clegg 20067 6 months 0/318 0/318
(0.0%) (0.0%)
Sawitzke 201088 24 months 0/126 1131
(0.0%) (0.8%)

Abbreviations

n = number of patients, N = total number of patients.

Notes

a = unclear whether patient death was attributable to the intervention, b = patient death was not attributable to the intervention.

Knee Osteoarthritis: CS vs Placebo, Withdrawal Due to Adverse Events

Seventeen studies provide evidence on withdrawal due to adverse events.28 59 64 69 73-75 80-83 86 90 92-94 A[|

studies are included in the meta-analysis. Overall, there are no statistically significant differences
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between the CS and placebo groups (RR 1.21, 95% CI1 0.92, 1.61, p = 0.18). The absolute risk for CS
and placebo groups are 5.3% and 4.4%, respectively. The Chi? test and I? statistic indicate low levels of
heterogeneity and inconsistency (p = 0.99 and 12 = 0%). For further information regarding withdrawal

due to adverse events and the corresponding forest plot refer to Figure 26.

There are no significant sub-group differences between CS and placebo groups when factoring
manufacturer, dose or duration of follow-up. Sensitivity analyses determined there are significant
differences in studies that did not adequately blind the outcome (p = 0.05). There are no further
sensitivity differences when factoring intention-to-treat analysis, funding source and risk of bias

parameters (randomisation, allocation and blinding of participant) (Table 78).

Chondroitin Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Mazieres 1992 a 58 1 a6 0.8% 0320001, 7.74] 1992
Bougeois 1995 (1) 2 43 3 44 2E% 068 [0.12,3.88) 1998 e I —
Jehelhart 1998 {2 1 23 a 23 0.8% 3.00(00.13,70.02] 19498
Buesi 1998 (3) 1 34 1 46 1.0% 1.18[0.08,18.24] 1598
Mazieres 2001 L] g3 3 A8 37% 1.44[0.34 618 2001 —
M athieu 2002 9 150 10 180 10.4% 0.80([0.38,2.158] 2002 I
lJehelhart 2004 1 54 1 a6 1.0% 1.04 [0.07,1617] 2004
Michel 2005 9 180 9 180  9.8% 1.00([0.41,2.458] 2005 B E—
Clegy 2006 20 318 11 318 152% 1.82[0.89,3.73] 2008 T
Mazieres 2007 13 1583 2 184 10.8% 1.64 [0.70,3.83] 2007 I
kahan 2009 16 3049 17 313 17.8% 0.85[0.49,1.85] 2009 —
Maller 2010 (4) i G4 a fid Mot estimable 2010
Wildi 2011 1 35 2 3 1A% 0.49[0.05 511 2011
Railhac 2012 2 22 1 il 1.58% 1.81[019,1952 2012
Zegels 2013 (%) 6 1149 B 17 A% 0.98[0.33,2.96) 2013 I —
Fransen 20145 11 1481 8 181 101% 1.38[0.57,3.32] 2015 —_
Reginster 2017 g 184 5 205 Ba% 1.65([0.85, 4958 2017 I —
Total (95% Cl) 1950 1970 100.0% 1.21[0.92, 1.61] »
Tatal ewents 104 a6

e 2 = . - - - SR = I 1 Il ]

Heterogeneity: Tau®=0.00; Chi*= 554, df=15(F =093, *F=0% T o 10 100

Testfor overall effect 2= 1.35 (F=0.18) Favours Chondroitin - Favours Placebo
Footnotes

(1) Represents the minimum number of patients who withdrew

(2) Withdrawal due to death, unclear whether it was related to treatment

) Withdrawal due to adverse event but thought unrelated to treatment

(4) No withdrawal was attributed to adverse event

(5) 1200mg/day tablet data reported, data from the 1200mg gel group was omitted from the analysis

Figure 26 Forest plot indicating the risk ratio of withdrawals due to adverse events for

chondroitin sulfate compared to placebo (knee)

Knee Osteoarthritis: CS vs Placebo, Severe Adverse Events

Five studies provide evidence on severe adverse events.54 80889293 AJ| five studies are included in the
meta-analysis. Overall, there are no statistically significant differences between the CS and placebo
groups (RR 0.97, 95% CI 0.49, 1.95, p = 0.94). The absolute risk for CS and placebo groups are 4.6

and 5.0%, respectively. The Chi? test and I? statistic indicate low levels of heterogeneity and
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inconsistency (p = 0.29 and |12 = 19%) For further information regarding severe adverse events and the

corresponding forest plot refer to Figure 27.

There are no significant sub-group or sensitivity analyses differences when factoring manufacturer, dose
and duration of follow-up or intention-to-treat analysis, funding source and several risk of bias
parameters (randomisation, allocation, blinding of participant and blinding of outcomes), respectively

(Table 79).

Only two studies provide definitions of adverse events (ICH guidelines)®® 9 and they use different
measures of reporting severe adverse events. For example, studies report the number of patients with
at least one severe adverse event® 8 or are unclear regarding the number of severe adverse events
per patient.88 9293 For the latter group, as the incidence of severe adverse events is less than the total
number of patients, it is likely that patients experience a maximum of one or two events per study. Given

the limitations of the evidence base, the findings from the meta-analysis should be interpreted with

caution.
Chondroitin Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Mazieres 2001 (1) 2 63 0 683 51% 5.39[0.26, 11016] 2001
Mazieres 2007 (2 1m0 153 8 154 37E% 1.26[0.41, 3101 2007 —
Sawitzke 2010 (3) 6 126 14 131 365% 0.45[018,1.12] 2010 —&—
Wiledi 2011 (43 1 35 1 34 B1% 087 [0.08 14.81] 2011
Zegels 2013 {9 4 114 217 147% 1.897 [0.37,10.83] 2013 0
Total (95% Cl) 496 504 100.0% 0.97 [0.49, 1.95] -l
Total events 23 25
Heterogeneity, Tau®= 012, Chi*=494 df=4 (F =025, F=19% N o0s i n 200

Testfor averall effect: Z=0.07 (P = 0.94) Favours Chondroitin  Favours Placebo

Footnotes

(1) Mumber of patients with at least one severe adverse event

(2) Number of patients with at least one severe adverse event

(3) Patients likely had one to two severe adverse events

(4) Patients likely had one to two severe adverse events, first six months of treatment reported

(5) Patients likely had one to two severe adverse events; 1200mg/day tablet data reported, data from the 1200mg gel group was omitted

Notes
Events represent the number of patients experiencing an adverse event.

Figure 27 Forest plot indicating the risk ratio of severe adverse events for chondroitin sulfate

compared to placebo (knee)
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Knee Osteoarthritis: CS vs Placebo, Treatment-Related Severe Adverse Events

Five studies provide evidence on treatment-related severe adverse events 6475808892 gnd all are included
in the meta-analysis. Overall, there are no statistically significant differences between the CS and
placebo groups (RR 0.64, 95% CI 0.08, 5.15, p = 0.67). The absolute risk for CS and placebo groups is
0.1% and 0.3%, respectively. The Chi? test and |? statistic indicate low levels of heterogeneity and
inconsistency (p = 0.62 and 1> = 0%). For further information regarding treatment-related severe adverse
events and the corresponding forest plot refer to Figure 28. The treatment-related severe adverse
events included a coronary angioplasty (placebo)®, and eczema and urticaria (unclear which treatment
group, however, the authors note only one treatment-related severe adverse event per group).®° The

studies did not report whether the treatment-related serve adverse events resolved.

There are no significant differences in sub-group or sensitivity analyses when considering manufacturer,
dose, duration of follow-up, intention-to-treat analysis, funding source or several risk of bias parameters

(randomisation, allocation, blinding of participant and blinding of outcomes) (Table 80).

Chondroitin Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Mazieres 2001 0 63 0 63 Mot estimable 2001
Clegg 2006 IRk ] 0o 38 Mot estimable 2006
Mazieres 2007 {1} 1 153 1 154 57.2% 1.01 [0.06, 15.95] 2007 L
Sawitzke 2010 0o 128 1 131 428% 0.35[0.01, 8.43] 2010 L
Wileli 2011 a 34 a 34 Mot estimable 2011
Total (95% CI) §95 705 100.0% 0.64 [0.08, 5.15] —— N —
Total events 1 2
Heterageneity: Tau®=0.00; Chi*=0.25,df=1 (F = 0.62), F= 0% I 1 1 |
Tastfi leffect: £=0.42 (F =087 0.01 01 1D 100
estior overall efiect Z=0.42 (P = 0.67) Favours Chondroitin - Favours Placebo
Footnotes

(1) Unclear which treatment-related severe adverse eventwas attributed to each group

Notes
Events represent the number of patients experiencing an adverse event.

Figure 28 Forest plot indicating the risk ratio of treatment-related severe adverse events for

chondroitin sulfate compared to placebo (knee)

Knee Osteoarthritis: CS vs Placebo, Any Adverse Events

Ten studies provide evidence on any adverse event.64 73 78 80-83 86 9293 Fight are included in the meta-
analysis and two are described narratively. Overall, there are no statistically significant differences
between the CS and placebo groups (RR 0.93, 95% CI 0.81, 1.05, p = 0.24). The absolute risk for CS
and placebo groups is 41.9% and 46.5%, respectively. The Chi? test and I? statistic indicate low levels
of heterogeneity and inconsistency (p = 0.35 and 12 = 11%). For further information regarding any

adverse events and the corresponding forest plot refer to Figure 29.
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Sub-group analyses determined there are significant differences between CS and placebo groups in
studies that use IBSA CS (p = 0.05). There are no further differences when factoring manufacturer, dose
or duration of follow-up. Sensitivity analyses determined studies that have unclear blinded outcomes
report statistical differences between CS and placebo groups (p = 0.04). There are no further differences
when factoring intention-to-treat analysis, funding source and several risk of bias parameters

(randomisation, allocation and blinding of participant) (Table 81).

The included studies use different measures of reporting adverse events. For example, studies report
the number of patients with adverse events®3 86, the number of patients with at least one adverse event®
8082 or the total number of adverse events.”® 78 The latter category was included in the meta-analysis if
the number of patients was notably less than the number of adverse events suggesting approximately

one adverse event per person.

Two studies report the incidence of adverse events;%? % however, they are omitted from the meta-
analysis as the number of patients experiencing adverse events could not be accurately determined.
Wildi®? reported 55 and 38 adverse events in the CS (n = 35) and the placebo (n = 35) groups within the
first six months of treatment respectively. Zegels® reported there was no difference between individuals
receiving CS 1,200mg once per day, 400mg/three times per day and placebo in terms of the mean
number of adverse events or the number of patients with at least one adverse event. Two studies note

the adverse events were typically mild to moderate in severity.83 86

Chondroitin Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
L'Hirondel 1992 (1) ] 53 17 62 31% 0.52[0.25 1.08] 19492 I —
Mazieres 1992 () 7 58 10 56 21% 0.68[0.28, 1.64] 1992 i I
Bougenis 1998 (3 10 43 12 14 3% 0.85[0.41,1.76] 1998 e
Mazieres 2001 {4) 21 63 28 68 F.8% 0.81[@.52,1.27] 2001 —
Michel 2005 (5) 87 140 101 1580 367% 0.86[0.72 1.03] 2005 -
Mazieres 2007 (6) 153 TE 154 285.3% 0.89[0.75, 1.258] 2007 ——
Maller 2010 (%) 31 G4 31 G4 11.8% 1.00[0.70,1.43] 2010 —
Railhac 2012 (@) 18 22 13 21 101% 1.32[0.90,1.958] 2012 T
Total (95% CI) 616 619 100.0% 0.93 [0.81, 1.05] L 3
Total events 258 288
Heterogeneity Tau®= 0.00; Chi®= 7.83, df=F (F=0.35), F=11% T o' 1 : 0

Testfor overall effect Z=1.17 (P = 0.24) Favours Chondroitin - Favours Placebo
Footnotes

(1) Total adverse events

{2) Mumber of patients with adverse events

(3) Total adverse events

(4) Patients with one or more adverse events

(5) Number of patients with adverse events

(6) Patients with one or more adverse events

(7) Mumber of patients with adverse events

(8) Patients with one or more adverse events

Notes
Events represent the number of patients experiencing an adverse event.

Figure 29 Forest plot indicating the risk ratio of any adverse events for chondroitin sulfate

compared to placebo (knee)
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Knee Osteoarthritis: CS vs Placebo, Treatment-Related Adverse Event

Eight studies provide evidence on any treatment-related adverse events. Seven studies are included in
the meta-analysis and one study is described narratively.”3 748082909293 Qyerall, there are no statistically
significant differences between the CS and placebo groups (RR 0.82, 95% CI 0.52, 1.30, p = 0.40). The
absolute risk for CS and placebo groups is 6.0% and 7.1%, respectively. The Chi? test and I? statistic
indicate low levels of heterogeneity and inconsistency (p = 0.79 and 12 = 0%). For further information

regarding treatment-related adverse events and the corresponding forest plot refer to Figure 30.

There are no significant sub-group or sensitivity analyses differences when factoring manufacturer, dose
and duration of follow-up or intention-to-treat analysis, funding source and several risk of bias
parameters (randomisation, allocation, blinding of participant and blinding of outcomes), respectively

(Table 82).

One study®? reports the incidence of treatment-related adverse events, however, this was omitted from
the meta-analysis as the number of patients experiencing adverse events could not be accurately
determined. Zegels® reported 26.4%, 26.0% and 41.7% of treatment-emergent adverse events were
experienced by individuals in the CS 1,200mg/once per day, 400mg/three times per day and placebo
groups, respectively. Given the number of adverse events (n = 260) was greater than the number of

patients (N = 161), it is unclear how many patients per treatment group had an adverse event.

Four studies report that most of the treatment-related adverse event were gastrointestinal in nature.?4 80

8290
Chondroitin Placebo Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Bucsi 1998 0 34 1 6 21% 0.39[0.02 8.35] 19498
Bougenis 1998 ] 43 12 44 332% 0E8[0.31,1.50] 1998 —
Uehelhart 2004 {13 4 54 g 56 14.2% 0.69[0.21, 2.32] 2004 T
Michel 2005 2 180 0 180  23% 5.00[0.24, 103.28] 2005
Mazieres 2007 14 1583 16 154 44.5% 0.85[0.45 1.74] 2007 ——
Wileli 2011 (23 0 35 0 34 Mot estirmable 2011
Railhac 2012 2 12 1 21 3.8% 1.91[0.18,19.582] 2012 E—
Total (95% Cl) 496 505 100.0% 0.82 [0.52,1.30] -
Total events 30 36

[T P . = - - E= I } T |
Heterogeneity, Tau®=0.00; Chi*=243,df =5 (F=079), F=0% 0005 o 10 200

Testfor overall effect 2= 0.84 (F = 0.40) Favours Chondroitin - Favours Placebo

Footnotes
(1) Patients may have experienced more than one adverse event
(2) Patients may have experienced maore than one adverse event

Notes
Events represent the number of patients experiencing an adverse event.

Figure 30 Forest plotindicating the risk ratio of treatment-related adverse events for chondroitin

sulfate compared to placebo (knee)
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Knee Osteoarthritis: CS vs Placebo, Gastrointestinal-Related Adverse Event

Ten studies provide evidence on gastrointestinal-related adverse events. All ten studies are included in
the meta-analysis.®? 73-75 78 8081 86 90 92 Qverall, there are no statistically significant differences between
the CS and placebo groups (RR 0.81, 95% CI1 0.59, 1.11, p = 0.19). The absolute risk for CS and placebo
groups is 5.7% and 7.0%, respectively. The Chi? test and I? statistic indicate low levels of heterogeneity
and inconsistency (p = 0.92 and 12 = 0% respectively). For further information regarding gastrointestinal-

related adverse events and the corresponding forest plot refer to Figure 31.

There are no significant sub-group or sensitivity analyses differences when factoring manufacturer, dose
and duration of follow-up or intention-to-treat analysis, funding source and several risk of bias
parameters (randomisation, allocation, blinding of participant and blinding of outcomes), respectively

(Table 83).

Specific gastrointestinal adverse events are reported in five studies.” 78 808190 Gastralgia, dyspepsia,
nausea, vomiting, diarrhoea and abdominal pain are the most commonly reported adverse events

relating to the gastrointestinal system.

One study reports that symptoms were self-limiting or resolved by symptomatic treatment.”

Chondroitin Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Mazieres 1992 g 58 T 56 94% 0.83[0.30, 23] 19492 [ —
L'Hirandel 1992 7 63 15 62 14.5% 0.461[0.20,1.09] 1992 e
Bucsi 1998 0 34 1 aE  1.0% 0.39[0.02 5.35] 1998
Bougenis 19498 7 43 10 44 131% 0.72[0.30,1.71] 1993 i
Uehelhart 2004 4 54 g 56 EB.B% 069 [0.21,2.32] 2004  E—
Clegg 2006 0o 38 0o 38 Mot estimable 2006
Mazieres 2007 (1) 71583 8 154 101% 0.88[0.33, 2.37] 2007 —
kahan 2008 (2 19 304 18 313 283% 1.07 [0.87, 2.00] 2008 —
Wileli 2011 (3} 7 35 ¥ 34 11.3% 087 [0.38, 2.48] 2011 —_—
Railhac 2012 (43 ] 22 5 21 8.4% 085032 2.83] 2012 I E—
Total (95% CI) 1094 1104 100.0% 0.81 [0.59,1.11] L
Total events 62 7
Heterogeneity Tau®= 0.00; Chi®= 318, df= 8 (F =092 F=0% o oh T 100

Testfor overall effect: Z=1.32 (F = 0.19) Favours Chondroitin Favours Placebo

Footnotes
(1) Majority (50%) of adverse event were related to gastrointestinal system
(2) Mumber approximated based on the values provided in the manuscript (6 and 5.9% for chondroitin and placebo respectively)

(3) Adverse events reported in the first six months
{4) Mumber approximated based on the values provided in the manuscript (20 and 22% for chondroitin and placebo respectively)

Notes
Events represent the number of adverse events.

Figure 31 Forest plot indicating the risk ratio of gastrointestinal-related adverse events for

chondroitin sulfate compared to placebo (knee)
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Hip Osteoarthritis: CS vs Placebo

Hip Osteoarthritis: CS vs Placebo, Withdrawal Due to Adverse Events and Adverse Events

One study provides evidence comparing CS to placebo for hip osteoarthritis (Table 41).76 As such, the
outcomes were described narratively. Overall, the number of individuals who withdrew due to adverse
events was zero in the CS group and three in the placebo group. The statistical significance was not

reported in the study.

There were no adverse events in patients receiving CS. The study did not report whether patients in the
placebo group experienced adverse events, therefore it is unclear whether the two groups differed

statistically.

Table 41 Chondroitin sulfate compared to placebo: Withdrawals due to, and any adverse event

(hip)

Author year Outcome Chondroitin Placebo p-value
sulfate niN (%)
n/N (%)

Conrozier & Vignon | Withdrawal dueto | 0/29 3127 NR

199276 adverse event (0.0%) (11.1%)

Any adverse event | 0/29 NR NR

(0.0%)

Abbreviations
n = number of patients, N = total number of patients, NR = not reported.

Hand Osteoarthritis: CS vs Placebo

Hand Osteoarthritis: CS vs Placebo, Withdrawal Due to Adverse Events

Two studies provide evidence comparing CS to placebo for hand osteoarthritis.”” °1 Both studies are
included in the meta-analysis. Overall, there are no statistically significant differences between the CS
and placebo groups regarding withdrawal due to adverse events (RR 0.67, 95% CI1 0.11, 4.28, p = 0.68).
The absolute risk for CS and placebo groups is 3.2% and 6.2%, respectively. The Chi? test and I statistic
indicate low levels of heterogeneity and inconsistency (p = 0.22, 12 = 34%). Sub-group and sensitivity
analyses are not performed owing to the number of studies in the meta-analysis. For further information

regarding withdrawals due to adverse events and the corresponding forest plot refer to Figure 32.
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Chondroitin Placebo Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random,95%Cl Year M-H, Random, 95% Cl
‘erbruggen 2002 T 0 48 26.2% 327 [0.14, 7E.15] 2002 =

Gabay 2011 3 8o 8 B2 7F3E% 0.38[0.11,1.40] 2011 ——

Total (95% CI) 124 130 100.0% 0.67 [0.11, 4.28] —eogi——

Total events 4 a

Haterogeneity: Tau®= 0.77; Ch*=1.51, df= 1 (P = 0.22); F= 34% b - T pm

Testfor overall effect 2= 0.42 (P = 0.88) Favours Chendroitin - Favours Placbeo

Notes
Events represent the number of patients withdrawing.

Figure 32 Forest plot indicating the risk ratio of withdrawals due to adverse events for

chondroitin sulfate compared to placebo (hand)

Hand Osteoarthritis: CS vs Placebo, Adverse Events

One study provides evidence on any adverse events including those that were treatment-related and
gastrointestinal-related.”” As such, this outcome is described narratively. The study reported similar
rates of adverse events in patients receiving CS and placebo, however, it is unclear whether the two
groups differed statistically. The treatment-related severe adverse event included one case of abdominal

pain in the placebo group. For further information regarding safety outcomes refer to Table 42.

Table 42 Chondroitin sulfate compared to placebo: Severe, treatment-related and

gastrointestinal adverse events (hand)

Author year Outcome Chondroitin Placebo p-value
sulfate niN (%)
n/N (%)
Gabay 201177 Severe adverse 2/80 2/82 NR
event (2.5%) (2.4%)
Treatment-related 0/80 1182 NR
severe adverse (0.0%) (1.2%)
event
Any adverse event | 34/80 34/82 NR
(42.5%) (41.5%)
Treatment-related 13/80 19/82 NR
adverse event (16.3%) (23.2%)
Gastrointestinal 12/80 14/82 NR
adverse event (15.0%) (17.1%)

Abbreviations
n = number of patients, N = total number of patients.
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Knee Osteoarthritis: CS vs NSAIDs

Knee Osteoarthritis: CS vs NSAIDs, Mortality

Three studies provide evidence on mortality,”® 8588 however, owing to the rarity of the event and number
of studies reporting the outcome, a meta-analysis was not performed. The incidence of mortality was

described narratively.

There were no deaths across the three studies (n = 1,098). For further details on the incidence of

mortality see Table 43.

Table 43 Chondroitin sulfate compared to NSAIDs: Mortality (knee)

Author year Follow-up Chondroitin sulfate NSAIDs

n/N (%) n/N (%)
Clegg 20067 6 months 0/318 (0.0%) 0/318 (0.0%)
Sawitzke 201088 24 months 0/126 (0.0%) 0/142 (0.0%)
Pelletier 201685 24 months 0/97 (0.0%) 0/97 (0.0%)

Abbreviations
n = number of patients, N = total number of patients, NSAIDs = non-steroidal anti-inflammatory drugs.

Knee Osteoarthritis: CS vs NSAIDs, Withdrawal Due to Adverse Events

Three studies provide evidence on withdrawals due to adverse events.”> 8 % All three are included in
the meta-analysis. Overall, there are no statistically significant differences between the CS and NSAIDs
groups (RR 1.51, 95% CI 0.81, 2.84, p = 0.20). The absolute risk for CS and placebo groups is 6.7%
and 4.2%, respectively. The Chi? test and |2 statistic indicate low levels of heterogeneity and
inconsistency (p = 0.19, 12 = 40%). Sub-group and sensitivity analyses were not performed owing to the
number of studies in the meta-analysis. For further information regarding withdrawals due to adverse

events and the corresponding forest plot refer to Figure 33.

The number of patients who withdrew due to adverse events was inconsistently reported in Pelletier®
(13 or 14 patients in the CS group purportedly withdrew due to adverse events). However, the

discrepancy did not affect the overall result of the meta-analysis.
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Chondroitin NSAIDs Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
Clegy 2006 m 38 ToME 334% 2.86[1.23,6.66] 2008 —a—
Pelletier 2016 (1} 13 a7 11 97 381% 1.18[0.56,2.51] 2016
Reginster 2017 g 1949 8 199 28.5% 1.00[0.38, 261 2017
Total {95% CI) 614 614 100.0% 1.51 [0.81, 2.84]
Total events 41 26
Heterogeneity: TauF=012; Chi*= 332, df= 2 (P =019, F= 40% b o ] 0 o0

Testfor averall effect Z=129(F=0.20)

Footnotes
(1) 13 or 14 patients withdrew due to adverse events in the chondroitin sulfate arm

Notes
Events represent the number of patients withdrawing.

Favours Chondroitin - Favours NSAIDs

Figure 33 Forest plot indicating the risk ratio of withdrawals due to adverse events for

chondroitin sulfate compared to NSAIDs (knee)

Knee Osteoarthritis: CS vs NSAIDs, Severe Adverse Events

Two studies provide evidence on severe adverse events.® 8 Both studies are included in the meta-

analysis. Overall, there are no statistically significant differences between the CS and NSAIDs groups

(RR0.69, 95% CI1 0.13, 3.80, p =0.67). The absolute risk for CS and placebo groups is 7.2% and 12.1%,

respectively. The Chi? test and I? statistic indicate high levels of heterogeneity and inconsistency (p =

0.009, 12 =89%). Sub-group and sensitivity analyses were not performed owing to the number of studies

in the meta-analysis. For further information regarding severe adverse events and the corresponding

forest plot refer to Figure 34.

Both studies report the number of people with severe adverse events,85 8 although only one study

defines severe adverse events (ICH guidelines).88

Chondroitin NSAIDs Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
Sawitzke 2010 B 126 23142 A08% 0.29[0.12,0.70] 2010 —a—
Pelletier 2016 10 97 fi 97 48.3% 1.67[0.63, 4.41] 2016 —
Total (95% CI) 223 239 100.0% 0.69 [0.13, 3.80] —egli———
Total events 16 29
Heterogeneity: Tau®=1.29; Chi®= §.86, df =1 (P = 0.009); "= 55% o o A o0

Testfor overall effect Z=043 (P =067

Notes
Events represent the number of patients experiencing an adverse event.

Fa'v'ours. Chondroitin - Favours NSAIDs

Figure 34 Forest plot indicating the risk ratio of severe adverse events for chondroitin sulfate

compared to NSAIDs (knee)
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Knee Osteoarthritis: CS vs NSAIDs, Treatment-Related Severe Adverse Event

Three studies provide evidence on treatment-related severe adverse events.” 85 8 A]l studies are
included in the meta-analysis. Overall, there are no statistically significant differences between the CS
and NSAIDs groups (RR 0.40, 95% CI 0.07, 2.19, p = 0.29). The absolute risk for CS and placebo
groups is 0.2% and 0.9%, respectively. The Chi? test and I? statistic indicate high levels of heterogeneity
and inconsistency (p = 0.66, 12 = 0%). Sub-group and sensitivity analyses were not performed owing to
the number of studies included in the meta-analysis. For further information regarding treatment-related

severe adverse events and the corresponding forest plot refer to Figure 35.

Treatment-related severe adverse events include iron-deficiency anaemia (CS)8, pulmonary
embolism?®, pneumonia®®, stroke’, hip arthroplasty®8, cerebrovascular accident®® and abdominal wall

abscess® (NSAIDs). The studies did not report whether the treatment-related serve adverse events

resolved.
Chondroitin Sulfate NSAIDs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 85% CI
Clegy 2006 ] 8 1 38 28.4% 0.33[0.01,8.15] 2006 =
Sawitzke 2010 ] 126 3 142 33.3% 0.16[0.01,3.08 2010 =
Pelletier 2016 {1} 1 97 1 97 38.2% 1.00[0.06, 15.76] 2016 I
Total (95% CI) 541 557 100.0% 0.40 [0.07,2.19]
Tatal events 1 ]
Heterogeneity: Tau®= 0.00; Chi*=0.82, df= 2 (P = 0.66); F=0% 008 i 0 200

Testfor overall effect: 2= 1.06 (P = 0.29) Favours Chondroitin - Favours NSAIDs

Footnotes
(1) One patient experienced two treatment-related severe adverse events in the placebo arm

Notes
Events represent the number of patients experiencing an adverse event.

Figure 35 Forest plot indicating the risk ratio of treatment-related severe adverse events for

chondroitin sulfate compared to NSAIDs (knee)

Knee Osteoarthritis: CS vs NSAIDs, Any Adverse Event

One study provides evidence on any adverse event,®> so the occurrence is described narratively.
Overall, there was no statistically significant difference between patients receiving CS and celecoxib (p
> 0.99).85 Musculoskeletal, infection and gastrointestinal-related events were the most common adverse
events reported in the study. The adverse events were generally mild, with approximately 95 adverse

events in the CS group and 100 adverse events in the NSAIDs group ongoing at the end of the study.

For further details on the incidence of mortality see Table 44.
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Table 44 Chondroitin sulfate compared to NSAIDs: Any adverse events (knee)

Author year Chondroitin sulfate NSAIDs p-value
n/N (%) n/N (%)

Pelletier 201685 78197 77197 >0.99
(80.4%) (79.4%)

Abbreviations

n = number of patients, N = total number of patients, NSAIDs = non-steroidal anti-inflammatory drugs.

Knee Osteoarthritis: CS vs NSAIDs, Treatment-Related Adverse Event

One study provides evidence on any treatment-related adverse event,® so the occurrence is described
narratively. Overall, there was no statistically significant difference between patients receiving CS and
celecoxib (p =0.75).85 The type of treatment-related adverse events was not reported. For further details

on the incidence of mortality see Table 44.

Table 45 Chondroitin sulfate compared to NSAIDs: Treatment-related adverse events (knee)

Author year Chondroitin sulfate NSAIDs p-value
n/N (%) n/N (%)

Pelletier 20168 27197 24/97 0.75
(27.8%) (24.7%)

Abbreviations
n = number of patients, N = total number of patients, NSAIDs = non-steroidal anti-inflammatory drugs.

Knee Osteoarthritis: CS vs NSAIDs, Gastrointestinal Adverse Event

Two studies provide evidence on gastrointestinal-related severe adverse events.’® 8 Both studies are
included in the meta-analysis. Overall, there are no statistically significant differences between the CS
and NSAIDs groups (RR 0.93, 95% CI 0.60, 1.45, p = 0.75). The absolute risk for CS and placebo
groups is 6.5% and 7.0%, respectively. The Chi? test and I2 statistic could not be calculated owing to the
lack of events in the Clegg study. Sub-group and sensitivity analyses were not performed owing to the
number of studies in the meta-analysis. For further information regarding gastrointestinal-related

adverse events and the corresponding forest plot refer to Figure 36.

One study reported specific gastrointestinal adverse events.8® Gastroesophageal reflux disease and
dyspepsia are the most commonly reported adverse events. Further, proton pump inhibitors (PPIs) were
concomitantly used by 32% (n = 31/97) and 30% (n = 29/97) of patients in the CS and NSAID groups,

respectively (p = 0.88). This may influence the occurrence of gastrointestinal-related adverse events.
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Risk Ratio
M-H, Random, 95% CI

Chondroitin NSAIDs Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H,Random,95% Cl Year

Clegg 2006 [ER—h ] o 8 Mot estimable 2006
Pelletier 2016 7 97 29 97 100.0% 083 [0.60,1.45] 2016
Total (95% CI) 415 415 100.0% 0.93 [0.60, 1.45]
Total events 27 29

0.0 0.1 1 10 100
Favours Chondroitin - Favours NSAIDs

Heterogeneity: Mot applicable
Testfor overall effect Z=032(F=0749)

Notes
Events represent the number of patients experiencing an adverse event.

Figure 36 Forest plot between the risk ratio of gastrointestinal-related adverse events for

chondroitin sulfate compared to NSAIDs (knee)

Knee Osteoarthritis: CS vs Paracetamol

Knee Osteoarthritis: CS vs Paracetamol, Withdrawal Due to Adverse Events, Any Adverse Events

and Treatment-Related Adverse Events

One study provides evidence comparing CS to paracetamol for knee osteoarthritis,® so the outcomes
are described narratively. There were no withdrawals or any treatment-related adverse events. The
paracetamol group reported more adverse events, however, it was not reported whether this finding was

statistically significant. For further information regarding safety outcomes refer to Table 46.

Table 46 Chondroitin compared to paracetamol: Withdrawl due to, any and treatment-related

adverse events (knee)

Author year Outcome Chondroitin Paracetamol p-value
sulfate niN (%)
n/N (%)
Tio 201789 Withdrawal due to | 0/35 0/33 NR
adverse events (0.0%) (0.0%)
Any adverse 1135 12/33 NR
events (2.9%) (36.4%) 2
Treatment-related | 0/35 0/33 NR
adverse events (0.0%) (0.0%)

Abbreviations

n = number of patients, N = total number of patients, NR = not reported.

Notes

a = two patients experienced more than one adverse event.
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C0002 Are the harms related to dosage or frequency of applying the technology?

This question was addressed in the preceding section (C0008 How safe is the technology in comparison
to the comparator(s)?). Sub-group analysis determined there was no difference between the treatment

groups with respect to dose of CS or duration of follow-up.

Coo004 How does the frequency or severity of harms change over time or in different settings?

This question was addressed in the preceding section (CO008 How safe is the technology in comparison
to the comparator(s)?). Sub-group analysis determined there was no difference between the treatment

groups with respect to dose of CS or duration of follow-up.

C0005 What are the susceptible patient groups that are more likely to be harmed through the

use of the technology?

This question could not be addressed with the current evidence base.

8.8 Risk of Bias in Included Studies

See Section 8.4 for description of risk of bias.
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8.9 GRADE Summary of Findings Tables
Efficacy and Safety

Table 47 GRADE summary of findings table: chondroitin sulfate compared to placebo for knee

osteoarthritis

Outcomes Anticipated absolute | Relative | No. of Certainty of | Comments
effects* (95% Cl) effect participants | the
Risk Risk with (95% (studies) evidence
with | Chondroitin | ¢! (GRADE)
Placebo | sulfate
Pain - SMD 0.28 - 2,245 1900 Chondroitin sulfate
Assessed with lower (9 RCTs) LOW abed statistically differed
WOMAC and (0.47 lower from placebo at 6
VAS (0- to 0.09 months.
100mm) lower) The effect size is
Follow-up: 6 small** and unlikely
months to translate to a
clinically important
difference.
Pain - SMD 0.17 - 1,335 epO0O Chondroitin sulfate
Assessed with lower (7 RCTs) LOW abde did not statistically
WOMAC and (0.37 lower differ from placebo at
VAS (0- to 0.02 12 months (no
100mm) higher) effect).***
Follow-up: 12
months
Function - SMD 0.02 - 849 ePpOO Chondroitin sulfate
Assessed with lower (2 RCTs) LOW ab did not statistically
WOMAC (0.24 lower differ from placebo at
Follow-up: 6 to 0.21 6 months (no effect).
months higher)
Function - SMD 0.17 - 506 ePpOO Chondroitin sulfate
Assessed with lower (3 RCTs) LOW ab did not statistically
WOMAC (0.25 lower differ from placebo at
Follow-up: 12 to 0.58 12 months (no
months higher) effect).
Lequesne Baseline | MD 1.02 - 1,007 000 Chondroitin sulfate
index mean units lower (6 RCTs) VERY LOW | statistically differed
(lower score score (1.73 lower abde from placebo at 6
represents a ranged | to 0.31 months.
better clinical | from6.2 | lower) The effect size is
outcome) to7.6 small and unlikely to
FoIIow-up: 6 units translate to a
months clinically important
difference (4.1%
change).

Chondroitin Sulfate HTA Report

115




Outcomes Anticipated absolute Relative | No. of Certainty of | Comments
effects* (95% Cl) effect participants | the
Risk Risk with (95% (StUdIES) evidence
with Chondroitin | C!) (GRADE)
Placebo | sulfate
Withdrawal 44 per 53 per 1,000 | RR1.21 | 3,492 SPpO Chondroitin sulfate
due to 1,000 (40—70) (0.92— | (15RCTs) MODERATE | did not statistically
adverse 1.61) a differ from placebo
events (no effect).
Assessed with
total number
of patients
Follow-up: 3—
24 months
Severe 50 per 48 per 1,000 | RR0.97 | 743 ePDO Chondroitin sulfate
adverse 1,000 (24—97) (0.49— | (4 RCTs) MODERATE | did not statistically
events 1.95) a differ from placebo
Assessed with (no effect).
total number
of patients
Follow-up: 3—
24 months

Abbreviations

Cl = confidence interval, GRADE = Grading of Recommendations, Assessment, Development and Evaluations, SMD =
standardised mean difference, RCT = randomised controlled trial, RR = risk ratio, MD = mean difference, mm = millimetre,
VAS = visual analogue scale, WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.

Notes

* = risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and
the relative effect of the intervention (and its 95% CI)

** = SMD of 0.2, 0.5 and 0.8 represent small, moderate and large effect sizes as suggested by the Cochrane Handbook
(v5.1.0).68

*** = if the WOMAC score from Kahan® is used instead of VAS, the statistical significance changes from p = 0.07 to p = 0.05.
a = variance (95% Cl) is moderate/large.

b = measures of heterogeneity are moderate/large.

¢ = effect explained by manufacturer sub-group.

d = confidence intervals do not overlap in one or more studies.

e = heterogeneity is not adequately explained by sub-group analysis.

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of
the effect, but there is a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate
of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different
from the estimate of effect.
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Table 48 GRADE summary of findings table: chondroitin sulfate compared to placebo for hand

osteoarthritis

Outcomes Anticipated absolute Relative | No. of Certainty of | Comments

effects* (95% Cl) effect participants | the

Risk Risk with (95% Cl) | (studies) evidence

with Chondroitin (GRADE)

Placebo | sulfate
Pain Chondroitin sulfate vs 162 DPPO Chondroitin sulfate
Assessed with: | placebo (1RCT) MODERATE | differed statistically
VAS (0— 349+253vs 423+ ab from placebo.
100mm, lower | 24.9 The effect size is
represents less p=0.016 small (MD -7.4mm)
pain) and does not reach
Follow-up: 6 minimal clinically
months important

differences.*

This evidence is
uncertain (k= 1)

Withdrawal 62 per 41per1,000 | RR0.67 | 254 419 00) Chondroitin sulfate
due to 1,000 (7—263) (0.11— (2RCTs) LOW ab did not differ
adverse 4.28) statistically from
events placebo (no effect).
Assessed with

total number of

patients

Follow-up: 6—

36 months

Severe 24 per 0 per 1,000 not 162 o181@) Chondroitin sulfate
adverse 1,000 (0—0) estimable | (1 RCT) MODERATE | did not differ
events b statistically from
Assessed with placebo (no effect).
total number of

patients

Follow-up: 6

months

Abbreviations

Cl = confidence interval, GRADE = Grading of Recommendations, Assessment, Development and Evaluations, k = number of
studies, mm = millimetre, MD = mean difference, RCT = randomised controlled trial, RR = risk ratio, VAS = visual analogue
scale, vs = versus.

Notes

* = the risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group
and the relative effect of the intervention (and its 95% Cl).

** = MCID for hand pain as specified by Tubach? was 16mm (95% CI 13, 19) and 23mm (95% CI 20, 26) for absolute and
relative measures respectively.

a = variance (95% ClI) is moderate/large.

b = small number of studies, participants or events.

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of
the effect, but there is a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate
of the effect.

Very low certainty. We have very little confidence in the effect estimate: The true effect is likely to be substantially different
from the estimate of effect.
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Table 49 GRADE summary of findings table: chondroitin sulfate compared to placebo for hip

osteoarthritis

Outcomes | Anticipated absolute Relative | No. of Certainty of | Comments

effects* (95% Cl) effect participants | the

Risk Risk with (95% CI) | (studies) evidence

with Chondroitin (GRADE)

Placebo | sulfate
Pain Chondroitin sulfate vs not 56 2400 Chondroitin sulfate
Assessed placebo estimable | (1 RCT) LOW abe statistically differed from
with VAS | -42.6% + NR versus -2% + placebo.
(0— NR The effect size is
100mm) p <0.0001 uncertain as baseline
Follow-up: scores were not
6 months reported.

This evidence is very
uncertain (k = 1)

Lequesne | Chondroitin sulfate vs not 56 eDhOO Chondroitin sulfate
index placebo estimable | (1 RCT) LOW abe statistically differed from
score -36% + NR versus -6% + placebo.
(lower NR The effect size is
score p < 0.0001 uncertain as baseline
represents scores were not
better reported.
clinical This evidence is very
outcome) uncertain (k = 1)
Follow-up:
6 months
Withdrawal | 111 per 0 per 1,000 not 56 ePPO Chondroitin sulfate did
due to 1,000 (0—0) estimable | (1 RCT) MODERATE | not statistically differ
adverse a from placebo (no effect).
event
Assessed
with total
number of
patients
Follow-up:
6 months

Abbreviations

Cl = confidence interval, GRADE = Grading of Recommendations, Assessment, Development and Evaluations, mm =
millimetre, RCT = randomised controlled trial, RR = risk ratio, VAS = visual analogue scale, VS = versus.

Notes

* = the risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group
and the relative effect of the intervention (and its 95% ClI).

a = notable drop-outs; unclear whether intention-to-treat analysis was performed; randomisation methods not reported.

b = measure of variance not reported.

¢ = small number of studies, participants or events.

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of
the effect, but there is a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate
of the effect.

Very low certainty. We have very little confidence in the effect estimate: The true effect is likely to be substantially different
from the estimate of effect.
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Effectiveness and Safety

Table 50 GRADE summary of findings table: chondroitin sulfate compared to NSAIDs for knee

osteoarthritis

Outcomes Anticipated absolute Relative | No of Certainty of | Comments

effects* (95% Cl) effect participants | the

Risk Risk with (95% (StUdIES) evidence

with Chondroitin | C!) (GRADE)

NSAIDs | sulfate
Pain SMD 0.25 1,127 15 00) Chondroitin sulfate
Assessed with lower (3RCTs) LOW abe did not statistically
VAS (0— (0.13 lower differ from NSAIDs
100mm) and to 0.64 at 6 months (no
WOMAC higher) effect).
Follow-up: 6
months
Pain SMD 0.19 309 OPDO Chondroitin sulfate
Assessed with higher (2RCTs) MODERATE | did not statistically
WOMAC (0.03 lower ade differ from NSAIDs
Follow-up: 12 to 0.42 at 12 months (no
months higher) effect).
Function SMD 0.40 794 DDOO Chondroitin sulfate
Assessed with higher (2RCTs) LOW abe did not statistically
WOMAC (0.20 lower differ from NSAIDs
Follow-up: 6 to 1.01 at 6 months (no
months higher) effect).
Function SMD 0.18 309 ePDO Chondroitin sulfate
Assessed with higher (2RCTs) MODERATE | did not statistically
WOMAC (0.05 lower of differ from NSAIDs
Follow-up: 12 to 0.40 at 12 months (no
months higher) effect).
Lequesne Chondraoitin sulfate vs 333 epO0O Chondroitin sulfate
index NSAIDs (1 RCTs) LOWef did not statistically
(lower score 71+3.8vs7.10+ 3.9 differ from NSAIDs
represents p=NR at 6 months (no
better clinical effect).
outcome)
Follow-up: 6
months
Withdrawal due | 42 per 22 per 1,000 | RR1.51 | 1,228 SPpO Chondroitin sulfate
to adverse 1,000 (8—78) (0.81— | (3RCTs) MODERATE | did not statistically
events 2.84) ¢ differ from NSAIDs
Assessed with (no effect).
total number of
patients
Follow-up: 6—
24 months
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Outcomes Anticipated absolute Relative | No of Certainty of | Comments
effects* (95% Cl) effect participants | the
Risk Risk with (95% (StUdIES) evidence
with Chondroitin | C!) (GRADE)
NSAIDs | sulfate
Severe adverse | 121 per | 84 per 1,000 | RR0.69 | 462 SPOO Chondroitin sulfate
events 1,000 (16—461) (0.13— | (2RCTs) LOW be did not statistically
Assessed with 3.80) differ from NSAIDs
total number of (no effect).
patients
Follow-up: 24
months

Abbreviations

Cl = confidence interval, GRADE = Grading of Recommendations, Assessment, Development and Evaluations, SMD =
standardised mean difference, RCT = randomised controlled trial, RR = risk ratio, MD = mean difference, mm = millimetre,
VAS = visual analogue scale, WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.

Notes

* = the risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group
and the relative effect of the intervention (and its 95% ClI).

a = confidence intervals do not overlap in one or more studies

b = measures of heterogeneity are moderate/large.

¢ = variance (95% Cl) is moderate/large.

d = measures of heterogeneity are low.

e = small number of studies/participants.

f = notable drop-outs; performed per-protocol analysis and provided limited information regarding the randomisation process
and blinding of treatments.

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moder