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Abstract

Introduction: Chondroitin sulfate was proposed as a more appropriate strategy for osteoarthritis long-term man-
agement than conventional treatment (nonsteroidal anti-inflammatory drugs and acetaminophen). However, its
efficacy has been widely discussed and its public financing by the Spanish National Health System has been ques-
tioned. The aim of this paper was review on the clinical and economic aspects of chondroitin sulfate in osteoarthritis
treatment.

Method: A bibliographic search of recent literature was carried out until March 9t*, 2022. The databases used were
MEDLINE and Scopus.

Results: According to the set of clinical studies identified in the search, chondroitin sulfate was effective in reducing
cartilage volume loss, its clinical effects were estimated by objective (magnetic resonance or specific biomarkers)
and subjective (visual analog pain scale or Lequesne index) outcome measures. In the set of studies reviewed, chon-
droitin sulfate proved to be an acceptable therapeutic option in clinical terms. Regarding economic aspects, only
one study was identified, according to which, the prescription of chondroitin sulfate implies a lower cost per patient
compared to non-steroidal anti-inflammatory drugs.

Conclusion: From the clinical and economic points of view, the findings of this brief review justify the presence of
chondroitin sulfate in osteoarthritis guidelines.

Keywords: osteoarthritis; chondroitin sulfate; outcome assessment; “pharmacoeconomics”
Resumen

Introduccidn: El sulfato de condroitina fue propuesto como una estrategia mas apropiada para el manejo de la
artrosis a largo plazo que los tratamientos convencionales (antiinflamatorios no esteroideos y paracetamol). Sin
embargo, su eficacia ha sido ampliamente discutida y su financiacidn por el Sistema Espafiol de Salud cuestionado.
El objetivo de este trabajo fue realizar revisar los aspectos clinicos y econémicos en el manejo del sulfato de con-
droitina en el tratamiento de la artrosis.

Método: Se llevo a cabo una blsqueda de la literatura reciente hasta el 9 de marzo de 2022. Las bases de datos
consultadas fueron MEDLINE y Scopus.

Resultados: Segun el conjunto de los estudios identificados, el sulfato de condroitina fue efectivo en la reduccion
de pérdida de volumen de cartilago causante del dolor y la rigidez articular. Sus efectos clinicos fueron estimados
mediante medidas de resultado objetivas (resonancias magnéticas o biomarcadores especificos) y subjetivas (es-
cala visual analdgica de dolor o indice de Lequesne). El sulfato de condroitina mostrd ser una opcidn terapéutica
aceptable en términos clinicos. Respecto a los aspectos econémicos, solo se identificd un estudio, segin el cual, la
prescripcion de sulfato de condroitina implica un menor coste por paciente comparado con antiinflamatorios no
esteroideos.

Conclusién: Desde los puntos de vista clinico y econémico, los hallazgos de esta breve revisién justifican la presen-
cia del sulfato de condroitina en las guias medicas del manejo de la artrosis.

Palabras clave: artrosis; sulfato de condroitina; evaluacién de resultados; farmacoeconomia
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Highlights
Osteoarthritis is the main cause of disability; it affects approximately 10% of the world population over
60 years old.

Chondroitin sulphate could be a suitable therapeutic strategy when long term use of paracetamol or
NSAID is not possible.

Its effectiveness has been widely discussed and it’s funding recently questioned.

Introduction

Osteoarthritis (OA) is one of the major cause of pain and disability in the adult population®. It is a
degenerative disease that affects joints and surrounding tissue of the hips, hands, knees and spine®?.
Disease progression causes gradual loss of quality of life, leading to pain, stiffness, swelling, effusion
and crepitus in the affected joints®.

In Spain, according to data reported in the study “Prevalence of Rheumatic diseases in adult popula-
tion in Spain” (EPISER 2016), the prevalence of OA in the population over 40 years is 13.83% (knee),
7.73% in (hand) and 5.13% (hip)™.

OAis currently a challenge for healthcare systems as its incidence is increasing due to population age-
ing>*%). The main goal of OA treatment is to reduce pain, disability and ultimately, to avoid joint re-
placement surgery®.

Given the safety problems associated with long-term use of acetaminophen and non-steroidal anti-in-
flammatory drugs (NSAIDs)?"¥, and the characteristics of the disease and of patients with OA (gener-
ally elderly, polymedicated and with comorbidities), it seems necessary to incorporate more tolerable
agents in the non-acute therapy of OA®7,

Chondroitin sulfate (CS) is one of the main components of cartilage. CS binds to its core protein, consti-
tuting proteoglycan, which gives elastic and mechanical properties to cartilage. In addition, CS exhibits
anti-inflammatory activity by inhibiting the nuclear translocation of NfkB, a protein involved in various
chronicinflammatory disorders®*. It also plays a role in subchondral bone homeostasis by improving
anabolic/catabolic balance in the cartilage extracellular matrix*" by decreasing the catabolic activity of
chondrocytes through inhibition of proteolytic enzymes such as collagenase, elastase, phospholipase
or N-acetylglucosaminidase and by enhancing the synthesis of proteoglycans (in vitro) and endoge-
nous hyaluronic acid (in vivo)"*?*),

Chondroprotection is the most recognized action of CS®?. Unlike NSAIDs and acetaminophen, several
studies have shown that CS has a structural modifying effect by slowing the rate of cartilage loss. Chon-
droprotection remains after treatment discontinuation due to a carry-over effect®124,

CS efficacy has been widely discussed and its public financing by the Spanish National Health System
has been questioned®'®" The aim of this paper was to perform a narrative review of the literature pub-
lished in the last 5 years regarding the clinical and economics aspects of CS in the management of OA.

Methods

A literature search was performed until March 9%, 2021. Consulted databases were MEDLINE and Sco-
pus. Search strategy keywords were “osteoarthritis”, “chondroitin sulfate”, “treatment outcomes”. The
clinical trials inclusion criteria were as follows: randomized double-blind controlled trials focused on
CS clinical outcomes in OA patients that include pain, function or radiological tests as co-primary re-
sults with a follow-up time =4 months and drop-outs documentation, studies published between Jan-
uary 2016 and January 2022. The exclusion criteria were studies of CS administered other than orally or
in combinations with other drugs, sample size <50, in vitro studies or animal experimentation. Articles
that studied combinations of CS with glucosamine or other chondroprotectors were not included. In
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the case of studies that investigated the cost-effectiveness of CS in OA treatment, no restrictions were
applied by publication period. No language restrictions were applied. Titles, abstracts and full text of
the articles were screened by two reviewers. When necessary, disagreements were resolved by a third

reviewer.

Results

Clinical aspects of CS in the management of OA

Atotal of 83 articles were identified with the initial search. After reading titles and abstracts, 42 articles
were excluded after reading titles and abstracts and 41 were selected for full-text review. Finally, 9 arti-
cles that met the established selection criteria were included in this work to review recent evidence on

the clinical potential of CS in the consulted databases.

Screening

Included

Identification of studies via databases and registers ]

Records identified from
Databases (n = 83)

Reports sought for retrieval
(n=41)

Figure 1: PRISMA flow diagram for systematic review.

Studies included in review
(n=9)
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Regarding the design of the clinical studies included, Randomized Clinical Trials (RCT) predominat-
ed®01L1 sample size was between 64-604 patients. Follow-up time was highly variable: 2444, 1203/
6, and 4 months"?,

Studies that evaluated joint function coincided in using Lequesne Index (LI)®*, In turn, all the studies
that assessed pain evolution used the Visual Analogue Scale (VAS)®Y. Magnetic Resonance Imaging
(MRI) for quantification of the evolution in the joint space*#!*" or functional Magnetic Resonance Im-
aging (fMRI1)" for the assessment of the painful reaction after pressure stimulation, were also applied
(Table 1).

Pelletier J-P, et al*¥ demonstrated by MRI in patients with knee OA, the structural modifying capacity of
long-term CS in slowing down cartilage volume loss (CVL) versus celecoxib. Results revealed a slower
disease progression in the CS-treated group compared to the celecoxib-treated group, showing a lower
CVL from the first year of treatment. Significant differences were obtained with the celecoxib group
after 24 months in the compartment (p=0.018) and medial condyle (p=0.008) for the group treated with
CS and both groups experienced clinical improvement quantified on the WOMAC scale (Western Ontar-
io and McMaster Universities Osteoarthritis).

Monfort et al.*” conducted a randomized, double-blind, placebo-controlled trial in which 22 patients
received 800 mg of CS and 27 received placebo daily. Two fMRI tests were performed at each session by
applying painful pressure on the knee interlining and patellar surface. Main outcome was attenuation
of the response evoked by painful stimulation of the knee in the brain, and was assessed at baseline
and after 4 months of treatment. fMRI showed a significant reduction in the mesencephalic periag-
ueductal gray region with CS (p<0.05). Pre/post-treatment comparison confirms the direction of this
effect, showing reduced activation only in the CS group (p<0.05). The CS-treated group reflected a sig-
nificant reduction of activation in the primary somatosensory cortex (including cortical representation
of the leg) (p<0.05).

Raynauld et al.“” carried out a post hoc study from the Pelletier et al. clinical trial comparing 57 pa-
tients on CS treatment with 63 on celecoxib. They investigated regions of baseline bone curvature that
were best associated with reduced CVL and examined whether the change in bone curvature in these
regions after 2 years of treatment is correlated with the protective effect of CS. The bone curvature
regions of interest, including the medial posterior condyle and lateral central condyle, were found
to correlate best with medial condyle CVL at 2 years (r=0.33, p=0.008). MRl measurements were per-
formed at baseline and after 2 years of treatment to assess bone curvature and CVL. In patients with
more flattened bones, CS demonstrated a protective effect on CVL compared to celecoxib in the medial
compartment (p=0.037). Furthermore, CS protected cartilage better than celecoxib in the condyle, and
medial plateau (P< 0.030).

The CONCEPT study® also shown the chondroprotective properties of CS, being superior to placebo
and comparable to celecoxib in evaluations of knee function by LI and pain by VAS in the management
of knee OA. In addition, it was the first trial that followed the recommendations of the European Med-
icines Agency (EMA) in an attempt to standardize protocols “® incorporating a placebo group and a
control group treated with celecoxib as a requirement of external validity, given the inconsistency of
previous studies. All patients were included according to the American College of Rheumatology crite-
ria. Both CS and celecoxib showed a significant improvement in VAS (p=0.001 for CS and p=0.009 for
celecoxib) and LI (p=0.023 for CS and p=0.015 for celecoxib) compared to placebo at 6 months.

Finally, Morita et al.*Y compared different doses of CS in patients with knee OA and grade 2-3 pain
according to the Kellgren-Lawrence (KL) score. Patients randomly received 260 mg/day (low-dose) or
1560 mg/day (high dose) of CS. Joint function (LI) and pain (VAS) were assessed every 3 months. The
high-dose group had better results in pain reduction, especially in patients with a higher baseline KL
score. Symptom-relieving effect was not statistically significant in global analysis. However, in the sub-
group analyses of patients with severe baseline symptoms (LI =8), high-dose of CS showed superior
efficacy on reducing pain compared with low-dose CS (p <0,05).
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Table 1: Clinical aspects of CS in OA management.

Author, Study type Pa- Fol- Study end- Outcome Compari- | Main findings
year, (ref- tients,n | low-up points measure- | son group
erence) (months) ment
method
Pelletier et | Multicenter, 194 24 CVLin the MRI Celecoxib Structural
al,"¥, 2016 | randomized, femoral con- modification
double-blind, dyle and tibial in the medial
double plateau of the condyle with
dummy knee CSat24
months.
Comparable
effects for pain
and function
between CS
and NSAID
(p=0,008)
Monfort'?, | Randomized, 64 4 Brain fMRI Placebo CS-treated
2017 double blind, response group reflected
placebo to painful a significant
controlled pressure on reduction in
patellofemo- brain response
ral cartilage activation in
the primary
somatosensory
cortex p<0.05
Ray- Post hoc, 120 24 Evolution in MRI Celecoxib | CS protected
nauld®”, | double-blind, knee bone cartilage better
2017 dou- curvature than celecoxib
ble-dummy, in the condyle,
comparative and medial
phase il plateau (P<
0.030)
Reginster | Multicenter, 604 6 Pain VAS Celecoxib Both CS and
etal.®, randomized, Function IL Placebo celecoxib
2017 double blind showed a
significant
improvement
in VAS (p=0.001
forCSand
p=0.009 for
celecoxib) and
LI (p=0.023 for
CS and p=0.015
for celecoxib)
compared to
placebo
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Author, Study type Pa- Fol- Study end- Outcome Compari- | Main findings
year, (ref- tients,n | low-up points measure- son group
erence) (months) ment
method
Morita®, | Multicenter, 73 12 Pain VAS CS at low Statistically
2018 Randomized, Function IL doses significant
Double Blind, differencein
Dose Com- VAS between
parison CS low-dose
and high-dose
group was
observed in
patients with
severe baseline
symptoms (LI
=8), (p <0,05)

CS: Chondroitin Sulfate; CVL: Cartilage Volume Loss; fMRI: functional Magnetic Resonance Imaging; LI: Lequesne
Index; MRI: Magnetic Resonance Imaging; NSAID: Non-Steroidal Anti-Inflammatory Drug; OA: Osteoarthritis; VAS:
Visual Analogue Scale

Economic aspects

In Spain, Rubio-Terrés et al.®”) conducted a 6-month cost-minimization prospective study in 530 OA pa-
tients treated with NSAIDs or CS to evaluate the cost-effectiveness of both therapeutic strategies and
rescue analgesia dependence. The primary endpoint was mean cost per patient. CS prescription was
found to have a notable budgetary impact for the National Health System, along with a reduction in
NSAID consumption (monotherapy or in combination with CS). Semiannual cost per patient with CS
was 141 € versus 182 € with NSAIDs monotherapy. Savings of more than 38.7 million € over 6 months
were estimated. This study has limitations such as the assumption of equal efficacy between the com-
pared treatments or the short period of evaluation of CS (a slow-acting drug).

Discussion

OA is a degenerative disease that causes a gradual loss of quality of life. CS appears to be a suitable
strategy for the long-term management of OA, as it exhibits both anti-inflammatory and chondropro-
tective activity as well as less adverse effects than conventional treatment>5. However, its effective-
ness has been extensively discussed®510111617 and its funding by the Spanish national health system
has been questioned®**.

SYSADOA (slow-acting symptomatic osteoarthritis drugs), including CS, are justified by their structural
modifying effect by slowing CVL. Despite controversies about its efficacy, CS is widely used in many
countries, both medical prescriptions or over the counter. In turn, CS stands out for presenting no dif-
ferences in terms of safety compared to placebo in RCTs?”. The combination of relative efficacy with
low risk of adverse effects has contributed to its popularity as an over-the-counter supplement.

Wandel et al.?"; in a meta-analysis of 10 RCTs with a minimum of 200 patients as inclusion criteria, re-
ported in 2010 that neither CS nor its combination with glucosamine showed efficacy in pain reduction
and in the evolution of minimum joint space width in hip or knee OA. In 10-cm VAS, mean difference in
pain intensity compared with placebo was -0.3 cm for CS. Differences on minimum joint space width
were also minimal compared to placebo. However, two meta-analyses from 2018 agreed on the posi-
tive effects of CS: Simental-Mendia M et al.?? found a significant reduction in pain estimated by VAS for
CS over placebo in patients with knee OA (p<0.00001). On the other hand, Zhu X et al.?® concluded that
CS improved pain-related symptoms (p=0.003) and joint function (p=0.002) versus placebo.
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However, high design heterogeneity of the included studies, as well as variability in the quality of the
active ingredient CS (obtained from natural sources), could have contributed to the lack of consistency
observed and to the generalization of results.

Clinical trials that evaluated CS clinical response in patients with OA presented certain limitations: a)
relatively small sample sizes"41517) b) high variability with respect to disease severity at baseline,
contributing to the underestimation of the effects of CS%. c) Other limitations in the design such as
lacking placebo comparison (even though placebo effect is well recognized in patients with OA)®%. d)
Use of CS of variable quality (nutraceutical or pharmaceutical)®”, which hinders the generalization or
comparison of the findings of each study. Differences in product quality may contribute to the existing
uncertainty regarding CS biological effects on cartilage and its clinical efficacy®'*?4%), In turn, the proin-
flammatory effects of CS observed in some studies could be due to the presence of contaminants in the
formulation, derived from production and purification processes or from its own origin®?°, e) Finally,
there is a high level of subjectivity in the instruments used to evaluate the response to chondroprotec-
tive therapy (questionnaires and pain scales) 213, Clinical trials identified in the last 5 years provide
innovative methods aimed at objectifying response assessment. Measurements in bone curvature'”,
serum biomarkers527?% or painful response by MRI'%1%17 have proven to be useful novel methods.

Martel-Pelletier et al.*® conducted a post hoc Pelletier et al. study to explore serum biomarkers that
could be associated with improved outcomes of CS therapy. CVL was assessed by MRl and 8 biomarkers
were selected at baseline: Hyaluronic acid (HA), C reactive protein (CRP), adipsin, leptin, N-terminal
propeptide of collagen lla (PIIANP), C-terminal crosslinked telopeptide of type | collagen (CTX-1), matrix
metalloproteinase-1 (MMP-1) and MMP-3. Patients were treated with 1200 mg of CS (n=57) or 200 mg
of celecoxib (n=62) in a 2-year randomized controlled trial. Patients treated with CS showed lower CVL
in the medial compartment, condyle and plateau (p<0.047). Moreover, CS-treated patients with higher
metalloproteinase values had lower CVL in the medial compartment, condyle and plateau (p < 0.050).
This study suggested a new approach to the analysis and interpretation of interindividual variability
in biomarker levels and introduced the concept of metabolic responders for CS-treated patients. CS
showed a potentially greater response on CVL in knee OA patients with lower inflammation and higher
cartilage catabolism.

On the other hand, MRI showed the therapeutic potential of CS to reduce VCL and to preserve joint
space, which is necessary to improve the clinical symptoms of OA by reducing joint pain and stiff-
ness®., It should be noted that the delay of joint replacement surgeries is the main goal of chondro-
protective treatment®”.

Regarding the pharmacoeconomic aspects and the expected decrease in rescue analgesia derived
from the chondroprotective effect attributed to CS, Lagnaoui et al." carried out a cross-sectional ob-
servational study in 199 randomly selected French pharmacies reported an association between NSAID
usage and the length of CS treatment. A marked reduction in NSAID use was observed in patients with
long-term CS. Long-term users of CS had significantly lower current (44.4 versus 52.5%, p<0.05) and
long-term use of NSAIDs (11.8% versus 18.5%, p<0.05)"9. This study showed that real-life long-term
use of CS may be associated with a lower use of NSAIDs. This could be interpreted as an indication of
efficiency since it decreases the risks and costs associated with NSAIDs use.

However, this assumption is contradicted by a recent study. Barraquer et al.?”, conducted a 6-month
retrospective observational study involving 354 patients with OA, with the aim of assessing whether
the deprescription of SYSADOA (Symptomatic Slow Action Drugs for Osteoarthritis) leads to a symp-
tomatic worsening of OA and to an increase in analgesic consumption. A comparison was made of the
consumption of analgesic drugs and NSAIDs in the 6-month period prior to withdrawal of SYSADOA ver-
sus consumption in the 6 months following withdrawal. No statistically significant differences (p>0.05)
were found in the consumption of total analgesics pre/post SYSADOA withdrawal (3.97 vs 4.04 packs
respectively). This study shows that discontinuation of SYSADOA does not lead to an increase in anal-
gesic consumption, suggesting that it does not lead to OA worsening and that the economic burden
associated with the prescription of these drugs should be allocated to other services or technologies
supported by stronger evidence.
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In none of the studies that used an active comparator, NSAIDs®**517CS did not show inferiority in the
observed results. Moreover, CS, like SYSADOA, given their suggested structural modifying effect, are
characterized by a slow onset of action in the first six weeks of treatment, but also by a carry-over effect
lasting up to even two months after use*%,

In the updated algorithm for the management of knee osteoarthritis from the European Society for
Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases (ESCEQ)
@, However, previous works such as the systematic review and meta-analysis by Wandel et al.?" did
not find significant differences with respect to placebo and invite health authorities to discourage fi-
nancing SYSADOA. The trend observed in recent studies on the evidence of CS in the management of
OA was the incorporation of innovative outcome measures to objectify the clinical response, in the face
of the well-known placebo effect in this type of study, however, despite their results being significantly
favorable front, they have not been able to recover the confidence that was deposited in them by the
health systems.

Epidemiological data® highlight the need to minimize the economic and health impact attributed to
OA, a disease with an upward trend due to increased life expectancy. For this reason, the approach of
more efficient and safe pharmacological therapies acquires special interest, given the characteristics of
the patients to whom OA treatments are frequently directed, elderly with previous comorbidities who
in turn require other pharmacological treatments.

In this sense, current guidelines on the management of hip and knee OA, do not compare the safety
of treatment modalities. Aweid et al.®Y, in their systematic review on the safety of different OA treat-
ments, highlighted the high rates of gastrointestinal and renal complications or cardiovascular risk
due to treatment with diclofenac, ibuprofen or celecoxib, respectively. In contrast, only rare adverse
reactions that generally do not require discontinuation of treatment or very rare (edema or allergic
reactions) have been observed in CS treatment®. Therefore, the deprescription of CS could represent
an irreplaceable therapeutic gap for the preserving of quality of life in certain patients who require a
therapeutic alternative if NSAIDS are not tolerated.

The strategy proposed with the treatment with CS could also adequately respond to the chronic and
degenerative nature of the disease, by inducing structural changes in the cartilage that could delay its
loss. In addition, the carry-over effect after weeks of treatment®%124 represents another added value
in the necessary long-term management that deserves to be more extensively studied.

Studies of cost-minimization or reduction of rescue analgesic consumption® 2 are still scarce, and
perhaps they did not sufficiently consider the disparity in the mechanisms of action of the compared
pharmacological alternatives. Well, traditional management with NSAIDs and paracetamol, provide
symptomatic improvement for short periods but without effects on the progression of the disease. It is
possible that in order to make visible the real benefits of CS, studies better focused on long-term man-
agement are required. On the other hand, CS and glucosamine have different mechanisms of action,
their combined treatment could potentially be more effective than the individual use of each drug®?.

It is necessary to continue verifying if the defunding of the CS really represents a lost opportunity or if
its financing is an extra cost for the health systems. For this purpose, the ESCEO recommends limiting
studies on the management of OA with CS to those that exclusively use CS of pharmaceutical quality®.
More evidence is needed to predict whether the expected savings from defunding CS (along with the
other SYSADOASs) could be reversed by increased sick leave, hospitalizations, or surgeries in the future.

Conclusions

The set of clinical studies reviewed provide consistent evidence on the therapeutic potential of CS in
OA management. New studies that objectify the clinical response of CS in the management of OA with
new outcome measures could continue to contribute to clarifying their evidence.
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CS may address the need for safer long-term treatments focused on the chronic nature of OA and delay-
ing tissue degeneration which causes disability, pain and rescue analgesic dependency that provides
only short-term symptomatic relief.

CS could be a cost-effective pharmacological strategy, minimizing NSAID consumption. However, this
evidence is scant. More studies are required to elucidate CS economic profitability.

References

1. Sociedad Espafiola de Reumatologia. Prevalencia de Enfermedades Reumaticas en Poblacién Es-
pafiola. Estudio EPISER [Internet]. 2016. Available from: https://www.ser.es/se-ha-presentado-el-estu-
dio-episer-2016-en-la-sede-del-ministerio-de-sanidad-consumo-y-bienestar-social/

2. Bernad Pineda M. Situacion actual de los SYSADOA en Espafia. Reumatol Clin. 2016; 12(4):181-3.
DOI: 10.1016/j.reuma.2016.03.012

3. Hochberg MC, Martel-Pelletier J, Monfort J, Méller I, Castillo JR, Arden N, et al. Combined chondroi-
tin sulfate and glucosamine for painful knee osteoarthritis: a multicentre, randomised, double-blind,
non-inferiority trial versus celecoxib. Ann Rheum Dis. 2016; 75(1):37-44. DOI: 10.1136/annrheum-
dis-2014-206792

4. Bruyere O, Honvo G, Veronese N, Arden NK, Branco J, Curtis EM, et al. An updated algorithm recom-
mendation for the management of knee osteoarthritis from the European Society for Clinical and Eco-
nomic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases (ESCEQ). Semin Arthritis
Rheum. 2019;49(3):337-50. DOI: 10.1016/j.semarthrit.2019.04.008

5. Safiri S, Kolahi A-A, Smith E, Hill C, Bettampadi D, Mansournia MA, et al. Global, regional and national
burden of osteoarthritis 1990-2017: a systematic analysis of the Global Burden of Disease Study 2017.
Ann Rheum Dis. 2020;79(6):819-28. DOI: 10.1136/annrheumdis-2019-216515

6. Reginster J-Y, Dudler J, Blicharski T, Pavelka K. Pharmaceutical-grade Chondroitin sulfate is as effec-
tive as celecoxib and superior to placebo in symptomatic knee osteoarthritis: the ChONdroitin versus
CElecoxib versus Placebo Trial (CONCEPT). Ann Rheum Dis. 2017; 76(9):1537-43. DOI: 10.1136/ann-
rheumdis-2016-210860

7. Singh JA, Noorbaloochi S, MacDonald R, Maxwell LJ. Chondroitin for osteoarthritis. Cochrane Data-
base Syst Rev. 2015; 28(1):CD005614. DOI: 10.1002/14651858.CD005614.pub2

8. Rubio-Terrés C, Grupo del estudio VECTRA. [An economic evaluation of chondroitin sulfate and
non-steroidal anti-inflammatory drugs for the treatment of osteoarthritis. Data from the VECTRA
study]. Reumatol Clin. 2010; 6(4):187-95. DOI: 10.1016/j.reuma.2009.12.009

9. FICHA TECNICA CONDROSULF 400 mg CAPSULAS [Internet]. [cited 2020 Oct 17]. Available from:
https://cima.aemps.es/cima/dochtml/ft/64547/FichaTecnica_64547.html

10. Monfort J, Pujol J, Contreras-Rodriguez O, Llorente-Onaindia J, Lopez-Sola M, Blanco-Hinojo L, et
al. Effects of chondroitin sulfate on brain response to painful stimulation in knee osteoarthritis pa-
tients. A randomized, double-blind, placebo-controlled functional magnetic resonance imaging study.
Med Clin (Barc). 2017; 148(12):539-47. DOI: 10.1016/j.medcli.2016.12.036

11. Morita M, Yamada K, Date H, Hayakawa K, Sakurai H, Yamada H. Efficacy of Chondroitin Sulfate
for Painful Knee Osteoarthritis: A One-Year, Randomized, Double-Blind, Multicenter Clinical Study in
Japan. Biol Pharm Bull. 2018 1;41(2):163-71. DOI: 10.1248/bpb.b17-00556

12. Henrotin Y, Marty M, Mobasheri A. What is the current status of chondroitin sulfate and glucos-
amine for the treatment of knee osteoarthritis? Maturitas. 2014; 78(3):184-7. DOI: 10.1016/j.maturi-
tas.2014.04.015

13. Hochberg M, Chevalier X, Henrotin Y, Hunter DJ, Uebelhart D. Symptom and structure modification
in osteoarthritis with pharmaceutical-grade chondroitin sulfate: what’s the evidence? Curr Med Res
Opin. 2013; 29(3):259-67. DOI: 10.1185/03007995.2012.753430

Ars Pharm. 2022;63(3):294-305 303



Ferreira FJ, Fuentes-Senise C, Cura V.

14, Pelletier J-P, Raynauld J-P, Beaulieu AD, Bessette L, Morin F, de Brum-Fernandes AJ, et al. Chon-
droitin sulfate efficacy versus celecoxib on knee osteoarthritis structural changes using magnetic
resonance imaging: a 2-year multicentre exploratory study. Arthritis Res Ther. 2016 03;18(1):256. DOI:
10.1186/s13075-016-1149-0

15. Osakidetza. Tratamiento de la artrosis: informacién farmacoterapéutica [Internet]. Vitoria; 2018.
((26)1). Available from: https://www.osakidetza.euskadi.eus/contenidos/informacion/cevime_in-
fac_2018/es_def/adjuntos/INFAC_Vol_26_N%201_es.pdf

16. Martel-Pelletier J, Raynauld J-P, Mineau F, Abram F, Paiement P, Delorme P, et al. Levels of serum
biomarkers from a two-year multicentre trial are associated with treatment response on knee osteo-
arthritis cartilage loss as assessed by magnetic resonance imaging: an exploratory study. Arthritis Res
Ther. 2017 20;19(1):169. DOI: 10.1186/s13075-017-1377-y

17. Raynauld J-P, Pelletier J-P, Delorme P, Dodin P, Abram F, Martel-Pelletier J. Bone curvature changes
can predict the impact of treatment on cartilage volume loss in knee osteoarthritis: data from a 2-year
clinical trial. Rheumatology (Oxford). 2017 01;56(6):989-98. DOI: 10.1093/rheumatology/kew504

18. European Medicines Agency. Guideline of clinical investigation of medical products used in the
treatment of Osteoarthritis [Internet]. London: EMA; 2020 Jan [cited 2020 Nov 2]. Available from:
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-me-
dicinal-products-used-treatment-osteoarthritis_en.pdf

19. Lagnaoui R, Baumevielle M, Bégaud B, Pouyanne P, Maurice G, Depont F, et al. Less use of NSAIDs in
long-term than in recent chondroitin sulphate users in osteoarthritis: a pharmacy-based observational
study in France. Therapie. 2006; 61(4):341-6. DOI: 10.2515/therapie:2006063

20. Honvo G, Reginster J-Y, Rabenda V, Geerinck A, Mkinsi O, Charles A, et al. Safety of Symptomatic
Slow-Acting Drugs for Osteoarthritis: Outcomes of a Systematic Review and Meta-Analysis. Drugs Ag-
ing. 2019;36(Suppl 1):65-99. DOI: 10.1007/540266-019-00662-z

21. Wandel S, Jiini P, Tendal B, Niiesch E, Villiger PM, Welton NJ, et al. Effects of glucosamine, chon-
droitin, or placebo in patients with osteoarthritis of hip or knee: network meta-analysis. BMJ.
2010;16;341:c4675. DOI: 10.1136/bm].c4675

22. Simental-Mendia M, Sadnchez-Garcia A, Vilchez-Cavazos F, Acosta-Olivo CA, Pefia-Martinez VM, Si-
mental-Mendia LE. Effect of glucosamine and chondroitin sulfate in symptomatic knee osteoarthritis:
a systematic review and meta-analysis of randomized placebo-controlled trials. Rheumatol Int. 2018
;38(8):1413-28. DOI: 10.1007/s00296-018-4077-2

23. Zhu X, Sang L, Wu D, Rong J, Jiang L. Effectiveness and safety of glucosamine and chondroitin for
the treatment of osteoarthritis: a meta-analysis of randomized controlled trials. J Orthop Surg Res.
2018;6;13(1):170. DOI: 10.1186/s13018-018-0871-5

24. Martel-Pelletier J, Farran A, Montell E, Vergés J, Pelletier J-P. Discrepancies in composition and bi-
ological effects of different formulations of chondroitin sulfate. Molecules. 2015; 20(3):4277-89. DOI:
10.3390/molecules20034277

25. Honvo G, Bruyere O, Reginster J-Y. Update on the role of pharmaceutical-grade chondroitin sulfate
in the symptomatic management of knee osteoarthritis. Aging Clin Exp Res. 2019; 31(8):1163-7. DOL:
10.1007/s40520-019-01253-z

26. Volpi N. Chondroitin Sulfate Safety and Quality. Molecules. 2019 Apr ;24(8). DOI: 10.3390/mole-
cules24081447

27. WangY, Zhang M, Huan Z, Shao S, Zhang X, Kong D, et al. FSH directly regulates chondrocyte dedif-
ferentiation and cartilage development. J Endocrinol. 2021;248(2):193-206. DOI: 10.1530/JOE-20-0390

28. Mobasheri A, Lambert C, Henrotin Y. Coll2-1 and Coll2-1NO2 as exemplars of collagen extracellular
matrix turnover - biomarkers to facilitate the treatment of osteoarthritis? Expert Rev Mol Diagn. 2019;
19(9):803-12. DOI: 10.1080/14737159.2019.1646641

Ars Pharm. 2022;63(3):294-305 304



Ferreira FJ, Fuentes-Senise C, Cura V.

29. Barraquer A, Monge |, Alvarez A, de Antonio M, Peral O. ;Conlleva la desprescripcién de condropro-
tectores en pacientes con artrosis un incremento del consumo de analgésicos? Estudio observacional
retrospectivo. Pharm Care Esp. 2022;24(1):7-19.

30. Monfort J, Martel-Pelletier J, Pelletier J-P. Chondroitin sulphate for symptomatic osteoarthritis: criti-
cal appraisal of meta-analyses. Curr Med Res Opin. 2008; 24(5):1303-8. DOI: 10.1185/030079908x297231

31. Aweid O, Haider Z, Saed A, Kalairajah Y. Treatment modalities for hip and knee osteoarthri-
tis: A systematic review of safety. J Orthop Surg (Hong Kong). 2018; 26(3):2309499018808669. doi:
10.1177/2309499018808669.

32. Hochberg MC, Martel-Pelletier J, Monfort J, Moller |, Castillo JR, Arden N, et al. MOVES Investigation
Group. Combined chondroitin sulfate and glucosamine for painful knee osteoarthritis: a multicentre,
randomised, double-blind, non-inferiority trial versus celecoxib. Ann Rheum Dis. 2016; 75(1):37-44. doi:
10.1136/annrheumdis-2014-206792.

© BY-NC-SA 4.0

Ars Pharm. 2022;63(3):294-305 305


https://creativecommons.org/licenses/BY-NC-SA/4.0/

