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ABSTRACT

Introduction: There is currently no disease-
modifying drug for osteoarthritis (OA), and
some safety concerns have been identified
about the leading traditional drugs. Therefore,
research efforts have focused on alternatives
such as supplementation with collagen deriva-
tives. The objective of this scoping review is to
examine the extent, range, and nature of
research, and to summarize and disseminate
research findings on the effects of collagen
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derivatives in OA and cartilage repair. The pur-
pose is to identify gaps in the current body of
evidence in order to further help progress
research in this setting.

Methods: The databases Medline, Scopus,
CENTRAL, TOXLINE, and CDSR were compre-
hensively searched from inception to search
date. After studies selection against eligibility
criteria, following recommended methods, data
were charted from the retrieved articles and
these were subsequently synthesized. Numerical
and graphical descriptive statistical methods
were used to show trends in publications and
geographical distribution of studies.

Results: The systematic literature search iden-
tified a total of 10,834 records. Forty-one pub-
lished studies were ultimately included in the
review, 16 of which were preclinical studies and
25 were clinical studies (including four system-
atic reviews/meta-analyses). Collagen hydro-
lysate (CH) and undenatured collagen (UC)
were the two types of collagen derivatives
studied, with a total of 28 individual studies on
CH and nine on UC. More than a third of
studies originated from Asia, and most of them
have been published after 2008. Oral forms of
collagen derivatives were mainly studied; three
in vivo preclinical studies and three clinical
trials investigated intra-articularly injected CH.
In most of the clinical trials, treatment dura-
tions varied between 3 and 6 months, with the
shortest being 1.4 months and the longest
11 months. All in vivo preclinical studies and
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clinical trials, regardless of their quality, con-
cluded on beneficial effects of collagen deriva-
tives in OA and cartilage repair, whether used as
nutritional supplement or delivered intra-artic-
ularly, and whatever the manufacturers of the
products, the doses and the outcomes consid-
ered in each study.

Conclusions: Although current evidence shows
some potential for the use of CH and UC as an
option for management of patients with OA,
there is still room for progress in terms of lab-
oratory and clinical research before any defini-
tive conclusion can be made. Harmonization of
outcomes in preclinical studies and longer ran-
domized placebo-controlled trials in larger
populations with the use of recommended and
validated endpoints are warranted before colla-
gen derivatives can be recommended by large
scientific societies.

Keywords: Osteoarthritis; Cartilage repair;
Collagen derivatives; Collagen hydrolysate;
Undenatured  collagen; Scoping review;

Evidence mapping

Key Summary Points

Why carry out this study?

There are currently no disease-modifying
drugs for osteoarthritis (OA) and some
safety concerns have been reported
regarding the traditional leading anti-OA
medications such as paracetamol and
non-steroidal anti-inflammatory drugs
(NSAIDs).

As an alternative to traditional strategies,
there is growing interest in
supplementation with collagen
derivatives; however, previous literature
reviews show that little clinical evidence is
available to support their therapeutic
benefit for OA patients.

Early clarification of what is currently
known about the effects of collagen
derivatives in OA and cartilage repair,
from preclinical research to real-life
studies, appears essential to avoid any
unnecessary continuing controversies.

What was learned from the study?

This scoping review shows that there is
relatively little evidence, both from
preclinical and clinical research, on the
usefulness of collagen derivatives in OA
and cartilage repair; collagen hydrolysate
(CH) and undenatured collagen (UC) are
the two types of collagen derivatives
studied so far, mainly as oral supplements.

All in vivo preclinical studies and clinical
trials, regardless of their quality,
concluded on beneficial effects of collagen
derivatives in OA and cartilage repair,
whether used as nutritional supplement
(oral CH or UC) or delivered intra-
articularly (intra-articular CH). However,
three of the four in vitro studies available,
all on CH, concluded that CHs from
different sources and of different
molecular weights were either ineffective
or even detrimental to OA cartilage.

Gaps in the current research include:
Limited number of in vitro studies; lack of
harmonization of endpoints in preclinical
studies; lack of long-term and large-scale
randomized, placebo-controlled trials;
lack of studies involving patients with hip
or hand OA; lack of clinical studies
investigating radiological changes in OA
patients after supplementation with
collagen derivatives.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.12987830.
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INTRODUCTION

Osteoarthritis (OA) is the most common joint
disease and a major public health issue of the
current century [1]. Due to growing life expec-
tancy, particularly in the developed countries,
its global prevalence is rapidly increasing [1, 2],
making it a disease associated with an extremely
high economic burden [2-4]. OA commonly
affects the weight-bearing joints and consider-
ably impairs the quality of life of millions of
people due to chronic pain and functional
limitations [5, 6], thus contributing to increase
pace of aging, which may ultimately result in
premature mortality in the affected people [7].

In the absence of disease-modifying drugs,
current strategies for managing OA have relied
on a combination of pharmacological and/or
non-pharmacological treatments, with the aim
of reducing the pain and improving physical
function in patients [8, 9]. Paracetamol and
non-steroidal anti-inflammatory drugs
(NSAIDs) have been among the most used
pharmacological treatments so far [10]. For
years, paracetamol has been recommended as
the first-line therapy [11, 12] despite its low
effectiveness to reduce pain in OA [13]. How-
ever, recent reports have suggested that this
drug is not as safe as it was thought [14] and,
consequently, recent guidelines have down-
graded the use of paracetamol in OA [8, 9].
Likewise, safety concerns associated with the
use of NSAIDs have limited recommendations
for OA patients, particularly for those with
comorbidities [15, 16]. To find alternatives to
these drugs, research efforts have focused, since
several years now, on medications that would
reduce the symptoms of the disease and also be
capable of repairing or at least slowing the
degradation of articular cartilage. These treat-
ments, known as symptomatic slow action
drugs for osteoarthritis (SYSADOAs) are gener-
ally considered safe and well tolerated by
patients. Currently, glucosamine sulfate (GS)
and chondroitin sulfate (CS) are the most used
SYSADOAs [17, 18], but collagen derivatives are
also gaining increasing consideration, mainly as
nutritional supplements [19-21].

As OA is a disease characterized by the pro-
gressive destruction of articular cartilage, a
major component of which is collagen, it has
been postulated that supplementation with
collagen hydrolysates may induce the synthesis
of cartilage matrix, by stimulating the chon-
drocytes [19], after intestinal absorption and
accumulation in articular cartilage through
blood circulation. In fact, experimental studies
have demonstrated that peptides from orally
administrated collagen hydrolysates accumu-
lated in cartilage tissue a few hours after
administration [22-24]. Investigating the effi-
cacy of exogenous administration of collagen
derivatives in treating OA in animal models,
recent preclinical studies have reported
promising results [25, 26], suggesting some
potential for cartilage repair in OA patients.
These kinds of results have prompted research-
ers to evaluate the ability of supplementation
with collagen derivatives to relieve OA symp-
toms in humans.

However, previous literature reviews show
that little clinical evidence is available to sup-
port the therapeutic benefit of collagen deriva-
tives in OA patients [27-29] and furthermore, a
systematic literature review with meta-analysis
found serious limitations in the methodological
quality of these studies [27]. Additionally,
almost all of the randomized placebo-controlled
trials available on collagen derivatives in OA are
on food ingredients or nutraceuticals, rather
than pharmaceutical-grade products [30]. Using
data from these clinical trials, the latest meta-
analysis found that collagen supplementation
had significant positive effect on some (i.e.,
stiffness) but not the other (i.e., pain and
functional limitation) OA symptoms [31]. This
lack of strong clinical evidence on the useful-
ness of collagen derivatives for patients with OA
may justify the fact that they are not currently
recommended by the leading scientific societies
on OA [8, 9, 32], although largely used by OA
patients.

Lessons learned from GS and CS, which have
been used for more than two decades as phar-
maceutical-grade products and nutraceuticals,
should serve for the development and clinical
assessment of collagen derivative supplements
as adequate alternative options for OA. In fact,
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despite the wide use of these treatments, con-
troversies have surrounded their beneficial
effects for patients with OA until currently, due
to inconsistent reports from clinical trials
[33, 34]. Ultimately, meta-analyses with sub-
group and sensitivity analyses have shown that
most of the heterogeneity in results from clini-
cal trials on GS and CS was explained by brand
and risk of bias [35, 36]. Therefore, early clari-
fication of what is currently known about the
effects of collagen derivatives on cartilage repair
from preclinical research, and on their thera-
peutic role in human OA patients appears
essential. This might help avoiding unnecessary
continuing controversies by helping further
designing preclinical research to better clarify
the role of collagen derivatives in cartilage
repair, in the case of insufficient evidence; as
well, it might help better designing future
clinical trials, with food-grade or pharmaceuti-
cal-grade products manufactured using Good
Manufacturing Practice.

Thus, the objective of this scoping review is
to examine the extent, range, and nature of
research, and to summarize and disseminate
research findings on the effects of collagen
derivatives on cartilage and specifically on
articular cartilage, as well as on the effects of
these compounds as a symptomatic and/or
chondroprotective treatment in OA patients.
Our purpose is to identify research gaps in the
available evidence and to progress research on
this potentially promising therapeutic or adju-
vant option for OA patients.

METHODS

This scoping review was conducted according to
the guidance developed by the Joanna Briggs
Institute (JBI), which was first published in 2015
[37] and updated in 2017. We also followed
recommendations by Arksey and O’Malley [38]
and those by Levac, Colquhoun and O’Brien
[39]. The Covidence online software was used to
manage the entire review process, including
screening of records based on title and abstracts,
and full texts screening. The findings of this
research were reported according to the Pre-
ferred Reporting Items for Systematic reviews

and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) guidelines [40]. This
article is based on previously conducted studies
and does not contain any studies with human
participants or animals performed by any of the
authors.

Protocol and Registration

The protocol of this scoping review was not
registered in PROSPERO, as scoping reviews do
not fall into the scope covered by this database.
However, the protocol, dated February 29, 2020,
is available from the authors to anyone who
would like to have access to it.

Eligibility Criteria

Inclusion Criteria

Pre-clinical studies (in vitro and in vivo labora-
tory animal studies) on the effects of collagen
derivatives on any type of cartilage, clinical
studies (interventional studies), epidemiological
non-interventional studies (observational stud-
ies), and post-marketing surveillance studies
assessing the symptomatic and/or chondropro-
tective effects of collagen derivatives in patients
with osteoarthritis were included in this scop-
ing study, regardless of the study design. Studies
on combination products (i.e., collagen deriva-
tives combined with anti-OA medication) were
also included, as were studies simultaneously
involving patients with OA and patients with
diseases other than OA. Finally, evidence syn-
thesis studies, such as systematic literature
reviews and meta-analyses, were considered for
inclusion.

Exclusion Criteria

Clinical trials, epidemiological non-interven-
tional studies, and post-marketing surveillance
studies in veterinary medicine were excluded, as
were studies on collagen as biomarker of OA or
other diseases. We also excluded studies using
collagen as a carrier for other therapies (e.g.,
stem cells or chondrocytes for transplantation),
as well as studies using collagen as a scaffold for
cartilage repair. Simple literature reviews (non-
systematic reviews), letters, comments, and
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editorials were not considered for inclusion in
this scoping study. No date limitation was
applied to the search, however articles in lan-
guages other than English or French were
excluded; this language restriction has been
chosen because of time constraints for trans-
lating articles from other languages, as no
member of the research team has competences
in languages such as Chinese, Japanese, or
Russian, etc.

Information Sources and Search Strategies

We comprehensively searched the following
literature databases, with search strategies
adapted to each database: Medline (Ovid), Sco-
pus, Cochrane Central Register of Controlled
Trials (Ovid CENTRAL), TOXLINE (ProQuest),
and Cochrane Database of Systematic Reviews
(Ovid CDSR). Each database was searched from
inception to February 28, 2020.

The search strategies were constructed using
combinations of words describing the popula-
tion/disease of interest (“osteoarthritis” or “car-
tilage”), the studied concept (“collagen
derivatives”), and the context (“treatment” [of
osteoarthritis]; [cartilage] “repair” or “regenera-
tion”). Depending on the database, combina-
tions of free vocabulary words and/or controlled
terms were used. The detailed search strategies
for all databases are shown in the appendix to
this article (Electronic supplementary file 1),
except that of the Cochrane Database of Sys-
tematic Reviews, as the search of that database
returned no result.

The reference list of systematic reviews that
were included were hand-searched for addi-
tional studies that would not have been found
through databases search.

Electronic clinical trial registries such as
ClinicalTrials.gov, the World Health Organisa-
tion International Clinical Trial Registry plat-
form (WHO ICTRP), the International Standard
Randomised Controlled Trial Number (ISRCTN)
registry and the FEuropean Union Clinical Trials
Register, as well as the Clinical Trials Registry-
India (CTRI) and the Chinese Clinical Trial
Registry (ChiCTR) were also searched for

potential ongoing clinical trials on collagen
derivatives in OA.

Selection of Sources of Evidence

Two reviewers (GH and LL) independently
screened the titles and abstracts of the records
to identify all potentially relevant studies. Once
a selection decision was made by the two
reviewers on all records, a consensus meeting
was set up to solve disagreements. If the rele-
vance of a study was unclear or if disagreements
persisted based on the information in the
abstract, the study was included for more
information in the full text. After this step, the
full texts of the selected studies were searched,
and a new selection process was undertaken
independently by the two reviewers (GH and
LL), based on full article screening against the
eligibility criteria. Studies that were selected by
the two review authors were automatically
included in the review. A consensus meeting
was organized to make a final decision regard-
ing studies for which the review authors took
divergent selection decisions.

Data Charting Process and Data Items

Three reviewers (LL, AC, and GH) were involved
in the data charting process. This consisted in
charting key items of information relevant to
the objective of the scoping review, from the
primary research articles. One of the reviewers
(LL) charted the data from preclinical studies,
and the second reviewer (AC), from clinical
studies. Then, the data charted from each cate-
gory of research papers (preclinical and clinical)
by the first two reviewers were cross-checked by
the third reviewer (GH) while making the syn-
thesis of studies, to detect and correct any mis-
take in the extracted data. All the synthetized
data were checked again by the three review
authors before the submission of the manu-
script for publication.

The data charting process was conducted
using pre-designed forms. As the nature of key
information may vary according to the types of
studies [39], we designed specific data charting
forms for preclinical and clinical studies. These
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forms were pre-tested by the team before
engaging in the formal data charting process.

We extracted, from each study, general
information to identify the study, and more
specific information on the study population,
information on the type and characteristics of
collagen derivative studied, information on the
methodology of the study, and finally, the main
result(s) and conclusion(s) of the study. More
specifically, the following extraction fields were
considered: Authors of the study (first author
only), year of publication, name of the journal,
country of origin of the study, objective/aim/
purpose of the study, study population, sample
size, type and source of collagen, administration
route, outcome(s) of interest, study design, brief
description of the methodology of the study,
duration of the study, outcomes measurement
tools, key findings of the study, limitation(s) of
the study according to the authors, conclu-
sion(s) of authors, aeras of uncertainty and
future direction of research (perspectives), as
suggested by the authors.

In the case of missing important information
in the published articles, the authors were
contacted by e-mail to get the missing data.
Because of time constraints, we defined a
deadline of a week, after having sent the e-mail,
for receiving missing data from authors, after
which the missing data were considered as
“unavailable data”.

Critical Appraisal of Individual Sources
of Evidence

As explained by Arksey and O’Malley [38], and
turther outlined in the guideline developed by
the Joanna Briggs Institute for conducting
scoping reviews [37], a formal assessment of the
methodological quality or risk of bias of the
included studies was not performed. Indeed,
this is out of the scope of scoping reviews.

Synthesis of Results

We created a PRISMA flow chart of study selec-
tion to report the studies selection process with
the number of included and excluded studies at
each step of the selection; specific numbers with

reasons of full texts exclusions were explicitly
reported in the flow chart. The key information
from each article, as described in the data items
section, were reported in tables summarizing
the main characteristics and findings of the
included studies. Preclinical studies and clinical
studies were described separately to ease
understanding, given that these two kinds of
research papers do not necessary report the
same type of key information.

We used a narrative approach to report
information from the included studies, in
addition to the summary provided in tables,
with no attempt to aggregate findings from
various studies, as this is not the aim of a
scoping review. We presented numerical and/or
graphical syntheses of the extent, nature, and
distribution of the different types of studies
retrieved from our literature search, using
methods of descriptive statistics. Where appro-
priate, graphical representations were preferred
to visualize various aspects related to the
research activity on the effects of collagen
derivatives on articular cartilage and OA, using
the STATA and Microsoft Excel software. We
used choropleth world maps (drawn using
Microsoft Excel 2019) to show the geographical
distribution of studies, trend graphs to visualize
the trends in publications on collagen deriva-
tives over time, and a bar diagram to depict the
relative frequency of each specific type of study.

RESULTS

Literature Search

Our electronic databases search yielded 10,825
records, and nine additional records were iden-
tified through manual search and clinical trials
registries search. After duplicates were removed,
9405 records were screened based on title and
abstracts. This primary screening led to 99 full
texts that were assessed against the eligibility
criteria. Ultimately, 48 studies were included in
the scoping review. All the detailed review
process and reasons for full-text exclusions with
numbers of excluded full texts are shown in
Fig. 1.
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Fig. 1 PRISMA flow diagram of the scoping review

Description of Evidence on Collagen
Derivatives in OA and Cartilage Repair

Types of Studies

A total of 41 studies have been published on
collagen derivatives in OA and cartilage repair
so far. Sixteen of these studies were preclinical
in vitro and in vivo studies [25, 26, 41-54] and
25 were clinical studies (including clinical trials,
observational studies, and systematic reviews/
meta-analyses) [27, 28, 31, 55-76]. Figure2
depicts the distribution of the studies by specific
study type. The most published studies are
clinical trials (15 publications), followed by
in vivo preclinical studies (12 publications).
There are currently four published in vitro
studies on effects of collagen derivatives on
cartilage, six observational studies, and four
systematic reviews/meta-analyses that have

assessed the symptomatic effects of collagen
derivatives in OA patients.

We identified seven studies registered in
clinical trial registries, of which five were
reported as completed; however, we were
unable to find any article reporting the results
of these studies. For one of the studies identified
in clinical trial registries, the recruitment status
was reported as unknown; the other one was
reported as recruiting (see Table S1 in the elec-
tronic supplementary material for details).

Trends in Publication of Evidence

To visualize the trends in publication of studies
on collagen derivatives in OA and cartilage
repair over time, we plotted the number of
studies published by year against the years of
publications. Figure 3 shows the trends in total
publication of studies (overall preclinical and
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Fig. 2 Distribution of published studies on collagen derivatives for osteoarthritis and cartilage repair, by study type

Total publications

Number of studies

2010 2015 2020

Year of publication

Fig. 3 Trends in publication of studies on collagen
derivatives for osteoarthritis and cartilage repair [the top
figure is about total publications (a) and the second

clinical studies), as well as the comparative
trends in publication of preclinical and clinical
studies (including systematic reviews/meta-
analyses), beginning from the year of the first
published study (2002) to the year of the last
published study (2019), at the date of our liter-
ature search (February 28, 2020).

Preclinical vs Clinical studies
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figure compares trends in publication of preclinical and
clinical studies (b), including systematic reviews and meta-
analyses)

As shown by that figure, very few studies
were published before 2009 (four studies in
total), with an increase in publications from
2009. It is remarkable that at least one study was
published by year since 2009, with picks in
publications in 2009 (five studies) and 2019 (six
studies). After variations in numbers of total
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publications by year, a slight tendency to a
progressive increase is observed since 2016. The
comparison of the trends in publications of
preclinical studies to that of clinical studies
shows important fluctuations in annual publi-
cations of each of the two types of research.

Geographical Distribution of Studies

The geographical distribution of publications is
shown on choropleth world maps (Fig. 4), with
numbers of studies by country proportionate to
color intensity: the darker the color, the higher
the value. For all preclinical studies, the study
country is the country of the research center in
which the study was conducted. For clinical
studies, the study country is the country of the
leading author of the publication, which
sometimes is not the country in which the
study was conducted (i.e., patient recruitment
country for clinical trials).

As can be seen in Fig. 4, most of the studies
originate from Asia. Very few preclinical studies
have been conducted in European countries
(three studies) and in USA (two studies). In fact,
most of these studies originated from Japan (six
studies) and China (three studies). Clinical
studies are rather better distributed across the
world, with eight studies from European coun-
tries (including two systematic reviews/meta-
analyses), two from Turkey, three from the USA,
and seven from Asian countries (four studies
from India). An important note is that none of

a Preclinical studies

Yor

Avec Bing
© GeoNames, Microsoft, Navinfo, TomTom

— |
1 6

Number of studies

the identified clinical studies originated from
Japan, which concentrates the highest number
of preclinical studies.

Synthesis of Evidence on Collagen
Derivatives

Preclinical Studies

Four in vitro studies have evaluated the effects
of collagen from different sources and of dif-
ferent molecular weights on articular cartilage
explants (Table 1). All these studies investigated
collagen hydrolysate (CH). Cartilage metabo-
lism and degradation outcomes, as well as levels
of various inflammatory mediators, were mea-
sured. Three of these studies, assessing different
preparations of CH, from different sources and
with different molecular weights, found that
CH was either ineffective or detrimental to
articular cartilage in pathological condition
[41, 43, 44], suggesting that collagen prepara-
tions from various sources might have different
peptide composition and differ significantly in
their effects on articular cartilage (see conclu-
sions in Table 1). All of these studies advocated
for further research in this setting. None of
them was supported by pharmaceutical
companies.

Our systematic literature search identified 12
in vivo studies assessing the effects of collagen
derivatives in different animal models (Table 1).
Only two of these studies [25, 47] evaluated

b Clinical studies

F 1

- o *,

Avec Bing
© GeoNames, Microsoft, Navinfo, TomTom

]
1 4

Number of studies

Fig. 4 Geographical distribution of studies on collagen derivatives for osteoarthritis and cartilage repair; a preclinical studies

and b clinical studies

I\ Adis



Rheumatol Ther (2020) 7:703-740

712

(e 00€°€)
SPUdIV-HO (€

(eQ 0$T°€)
N-H( (T

(e 00S°€) HAY (1

/uidLio suraog

VN/(uadeod
[ewop | odka

supod) supiog
@ 01 < (¢
e 01-€ (T
€ > (1

/

([smo110711

S1U404(2024() |

ysy eiden jo
S3[Eds pUE uDfs) ysij

sa3esKJoIpAY
uadejod qw/Sw o[-0

uadefjos jo _w 8l 97

-

(suonrpuod

[eoiSojoyaed pue

[eaidojorsdyd ur) wonoey
uaBerjos yoes jo [ur/Sr oo1

(sjonuod) syuepdxo pareasiun)
/
(- ot4dIv-HO

INFHY SHTY - suoneredaxd
BRI ¢) sareskjorphy uadefjo)

(uaSefjoo-pazuowdjod pazderp

%1 Jo vuﬁuwﬁﬁv JuaweaIl ON

'sa udBe[jod-pazuawkjod pazderp g1

(WAINQ) [o1auo)) sa

e 0T < M & s HOA (€

e 01-€ 3O M & Yim HOA (T

B € > Jo M ® Pm

(HD) 2¥eskjoxpdy ualeqoo ysty (1

9=N
‘g = N saudwrradxs

uonepeidop ae[mre))

1 = N saudwrnadxo

sisayaudsorq uadefjon

/sauaned

VO jo 23enied remonry

(Jorauo> pue

aanoe ¢T x 7) swue[dxs o9

VO

20Uy yum syuoped 2y

wouiy uwuﬁuu.wu pue EEM\,O:%W

are[d 2o [PM-H7
© ur parmano yoed Jur o]
‘sa0a1d auepdxo ¢/sauerdxo

a3enies remonte sunIO]

syuowdely uadeod

Sunuosaxdar sopndadoSijo jo uonisodwos
[ea1wdaYd 53 paurwIaldp pue syue[dxo
aSemure> yO uewny woyy suedkSosord
pue uadef[od jo wsIoqeIdW Y3 dAPNpoOw
paspur suoneredord [ suraoq 1udIgIp

I9YI9YM SWM ISIY Y1 JOF EN[EAd O,

VO 29Uy Jm
suaned woiy paurelqo anssi [eIAouLs
pue oFenied jo so1M3[N2-05 Ul udde[[0d

-pazidwikjod o 153550 23 23en|eAd 0,

suontpuod [esidojoyred
pue [esiSojorsiyd yroq uo H ysy

JO SI9ZIS JUSISHIP JO SI394J2 Y3 Duwmﬂuww>r: oJ,

[e¥] (€102)

Kuewrron) MOpEYdS
[¥] (6007)
epafeqIe)

OU_NUE |N>>.NN5\AEHM
[1%] (8102)

pue[rey ],  IeId[RWUOOY

SIIpMIS OXIA U

1ySrom
senaajour/usdefjod

Jo 3d31nog

sZesop/ammox ‘urwpy

JOIIUOD /UOTIUIAIIUT

az1s ojdwres /[ppowr [ewrruy

Apmis o3 jo 2and3lqO

FE1IER]
Apms jo (veak)
Anuno) Joyne IsI

aredox ofemures ur soaneAnop uade[joo uo sorpnas [edrurpaid Jo siIYIUAS T dqer,

A\ Adis



713

Rheumatol Ther (2020) 7:703-740

TAY OTT
/33emes pmbg

VN/uPIYD

(¢ 000°S)
000$ d g uwadoq
/uidLio ysty

(*d 0007)
0002 4 gueadeq
/uiduo yst

(e@ oz1°¢)
@Uuuovﬁﬂoz

mvmuua m

10§ “[oam © U0 (Ki1aed
aurol/p o0T) “u/Suw o1
T10S *o [w/3w ¢ [1OS

/uonda(ur IenonIe-enu]

Kep /38w 990
/10

(dnoxd
xNNd + 11OV pue dnoid
weys) autfes pataynq areydsoyg

SA

(soSesop 1uorogIp

- sdnoi8 xWNd + 11DV
om1 10§) ] 2d£3 udSerjo> pmbg

(3uounean ou yam Jre)
[onauod £1a8ms weyg (¢
[oxuo0d 10eI] (T
auowIean SPIYPA (1

SA

(Iron)
uaBefjoo [ 2d£a saneu parmieuspun)

aurof

uwres Uﬂ—u EO.@ maOuuCOu @uuNUHUED

/

(N-HOA
HOA *5dMOJIqOI suoneredard

(dnox3

weys [ ‘YO paonpur
yam ¢) sdnoid 3 our

—UU—UZVJU Siex uﬁﬂﬁ.m U—.NE WN
/sye1 (S) Lomeg—onerdg
07 :£198ms weys (¥

0T :(Jorauod

1deauT) syex dAreN (€
0T 2Pryaa /LINING (2

o1
}(2a19Y) 11-0N /LA (T

\mu.mu SIMIT

9 = u sudwadxd

uonepeidop afemie)

ml% =u ”muEvEEuQXu

sisayauAsorq uade[o))

/sauoned

sorutpd ur Aderoya sarseaur Ajrewrurur

a1 Srwrw 01 [[DS JO 1992 SUdIPI-yQ
93 2EN[EAD 01 Pasn dToM YO pIdnpur
-K1331ms yatm sppow 3ex Aqreury *(**7) 'VO
U0 159jj0 L1o1ewwreyur-nue ue aaey 1ySnu

pue O1ua3oUnWWI-UoU 9AIIdYI-1500

st aea uadeqjod [ 2odka [oaou e dopaasp o,

a3enies> remonIe jo Sureay

o2 2A01dwT PUE UOMEIOLIDIIP JAISSIOXD
o1 3uanaxd 01 T NAID £q pasodur
Amfur s3enies jo swn oy 1e ]eIo

paaasturwpe uafeqjos Iy 2d41 uaypdryd

SAIIBU paImieuspun jo AIIQE Y3 1593 O
heu p pun jo Afiqe oy L

uonisodwod

apndad 1oy surwialp (9) pue tyQ ut
a3enies jo uonepeidop oyp aerpouwr ey
SQINJA pue saseuedaidde aya pue Surpeudrs
-sueny 9-TJ 23ye (q) *a3emred souy

VO uewny woyj uedi[oatoxd jo ssof oy
aqryur pue uadefjod [ 2dLa jo sisayauds
oY1 arempour (&) SHD 95Ul 1PYYM
surwexa 03 “Aeoypads s sumrod

(7]
iitie} (8107)

[¢7]
vsn (L107) 18eg

SIIPNIS OAIA U

[#¥] (L107)

/uiSuo sumIog HD [w/8w g1-0 1P ¢) saresk[orpAy uadefon VO Jjo 3denies remonry  pue ysy d[qe[reae A[eniowwod azA[eue o] Auewron) MOpEYIS

1ySrom 191Ud
Jemoo[ouwr/useyjod Apnis yo (Teak)
Jo 251mog a8esop/amox ‘urwpy [o13U0d /uonuaAINYU]  971s d[dwes/[Ppow [ewrUy Apmis oy3 jo 2anddlqQ  Anuno)  yoyIne Isarg

penunuod 1 9dqel,

I\ Adis



Rheumatol Ther (2020) 7:703-740

714

e 000°0T
puT 0007 Kep £1245 sururesoon|3
«005/(opndad -a jo 3 1 pue uslefjo>-g jo

[w g pey dnoid oy ayJ,

JO $37IS SNOLIEA
"(3ua3u0> uadeyjod se 3 )

031 aseurzoxd

iq popeiSop) Lep 1od uaBefjos-g jo [ur g

(dnox3
sYoam ¢ oy 10§ A[uo) sunk[3 (%
[onuo)) (¢

(dnoi3 o))
surwesoon(3-(q + uaefjos- (g

asurwesoon(3- (T sa

s11qqe1 ¢ jo sdnoid-qns
ojur papiarp sem dnoid yoeq
[ 49)
<L IO

uonemp [eauswLadxo

Jypam-¢ pue -7 jo sdnoid
OM1 01U PIPIAIP /7 = N

aredar oSemures

uo uﬁﬁ:meUS_,w pue EuWNZOu paiaasiuripe

[8%] (€007)

quod Y0 /T30 (uaSeqjoo-g) uaderjoo d[qnyos-Tore m s:qqey 10 Jo s109p59 Y1 ednsdAUL O, uede( epIyse
(VIW)
Aqrep yoed 33390EOpOIOUOW WNIPOS Aq pasnpur [L¥] (€102)
uadefjoa | Sy 3w o 10 ¢ T (uonnjos 27o1Y24) srewrtue 71 jo sdnoid 3 VO jo [ppowr 1ex o3 ur uadefjod [y 2dba I[PUUEA
SuIog /Te10 DIND sa ualeqod [y odks sameN  /ser Aopmeq—anderdg oejyl  9AIIEU JO SISOP MO JO S[OT Y3 ALN[EAD O], AJear S1e$90) 1(]
Aqrep 22u0 “T1e0Y ( @m:uuzzv auoye (sdnoid (VO.Ld)
(Bw 8¢ ‘AH) >sop ySiy JOIY2A WEDID NUZEL] SA (WEDID [o1IU0D 7 puE 2AIE VO snewnemsod jo ppow e ur ([[0DY)
1o (3w g¢ Q) 30p M0T nuppzey our paserodiodur) 7) yora 1w 9 jo sdnoid uaefjoo 1 2dky pazdjoipAy parsasturwpe [9%]
B 0002 /2utrog /Te10 uaBerjoo 1 2dfa pazkjorpA B/ [9/T4LSD e AJreso jo 1vedwr oya surwexs o, vsn (L102) *a
(dnos3 xyNd + 11OV
pue dnoid £1o8ms
weys 10§) surpes paroynq ANeydsoyy (Axadns
WEYS PIAIdIAI SIeX
SYIM G 10§ 4 9 1420 93) Y dNpUI 03
“eom & 200 ‘(Ka1aed Jutof (dnox3 £198ms xNNd + 11DV SuoIsa[ a3e[rred
/M 00T) TIDS Tw/3w o1 110s + xWd + 110V) poaroax Yorya jo - pasnput-y O Suriredor 10§ ([[OS) uaBerjod [97]
VN /28eues pmbg /uonda(ur renonIe-enuy 11 2d£a uadefoo pmbg 7T “s3e1 (S g1/s3e1 S oA II 2d£a pmbs padopaasp Amou e s3enyeas o, rUTYD (8102) T
1ySrom B E31iER]
senooour/usdeqos Apmas jo (3eak)
Jo 921mog a8esop/21mox ‘urwpy [oruod/uonuaAIu]  3zis djdures/[Ppowr [ewrruy Apmis oy3 Jo 2and2(qQ  Aruno) Joyne IsIg

penunuod | Jqe],

A\ Adis



715

Rheumatol Ther (2020) 7:703-740

VN /uadefjo>
111 2dfa pue

1 2d41 Surureauoo

urys 8id woxy

COU—\:Ow

VH ur paajossip sem dip
prys ur yH/d) [w/fw o¢

Jo ‘duryes

ur paajosstp d1py qw/Bw (¢

VH + di1D (€
VH (¢
surpes rewoN (T

SA

(7L reso3) yoea suqqex
81 jo sdnoi3 moyg /suqqes

(VH) ueuompedy yim 10932 onadrouds
© 210[dX2 031 pU0d3s ‘pUE SILIYIILOSO

aqqer ur (dip) spndadin uabefoo

[1<] (£102)

paawop unepd worg /uondd(ur Ienone-enuy (dyD) spndadin uadefjon arrym asouedef opeway  Jo s109p9 onnadersyl A1 dUTWEXD 03 ISIL] uede[ eyorIEN
(331p ur) dd-o14 (€
(391p ur) vaMH (2
1p prepuels (1
B 0005 A ‘(¥ Te309) 201W JO 33e[1Ied IP[NONIE JAIEIdUSIIP
30 1y3rm 21p jo 3 001 /391p yoes 21w xis jo sdnoid Lrewnid 01 vonepar ur “(surjoid£xoiphy
Temosjow JFeroay Junepp8 upyg autdtod 3 ¢ ur (d{p-01g 99 Apewrxordde ¥ /(1w [9/79/5D -J&jo1d) d&-o1q opndadip syrads su [0S] (6002)
/unepas ums aunIo] /T30 paureauod HO) aesk[oIpAy ualefoD S[eW PIO-YPOM-UDT) DI PUE HD) JO 199 241192101d 23 dUIWEXD O, uede[ TueleyEN
4O s dnos 11OV (5 Sururess [esrwaypolstyounwu Juisn
dnoss A parednsoaur sem uossardxs ¢T-JINA
dD moym dnoxd 110V (¢ g g ah
pue uonepeidop ualefjoo 1 2adf1 uo
(sdnoxd dnoid parerado - weys (7 JD JO 1R oY1 “A[[euonippy 'siel [ppowr
(yeaur JD moypm 1DV pue paserddo dnoss ooy (1 LTV [eruswwadxs ur Gurimddo sadueyd
pooy pue 1yBam 4poq -wreys ‘Jonuod 103) sopndad Tes1dooyaedoasty ot se [m se (*°)
93 UO paseq pauruIaldp) sdnoid . )
uae[od noyarm 191p L103eI0qR] uaBerjos [1 241 105 s1ovrewolq winios
O &ep/34/3 L9-0' prepueg 'sa (321p A1oreroqe] y ‘dnosd 1ad / gg ipero, Jo spaad[ Sunmseaw £q yO ur oFemred [6%]
VN/VN /Te10 prepueas ur) sopndad uaderjon /syex Kopmeg—onSerdg  renonte uo J0) Jo 199j0 a3 21ednsoAur o, uede[ (L107) eYesT
1ySrom 121U
Tenaojowr/usdefjod Apms jo (reak)
Jo s5mog sZesop/ammor ‘urwpy [oru0d /uonudAIIY]  3zis A[dures/pPpowr [ewruy Apms a3 Jo 2a12lqQ  Anuno) Joyane ISIy

penunuod | dqel,

I\ Adis



Rheumatol Ther (2020) 7:703-740

716

VN
/uPpPID

® 000€ Jo 1M
Temos[ow dfeIoAy

/sapads

SIWIOJIpED)

Jo supjs woij

(dDd) sopndad
uaGeqjos ysry

VN
/urys

sumiod 29 a[eds ysif

(Jw 1 wonnjos
10D %800°0) 4ep/3i 08

Io

(Ju 1 wonnjos
110D %200°0) 4ep/31t 07

/T10

Aqrep sururesoon)d
Jo 801 pue g4 303 0’1
10
Lep/dDq patepmod jo 3 1
/TeIO

(yoam
1d skep ¢) Lep/3y/3 $8°0

/Te10

(Joaruurew 95¢7°0) 3uardxy (g
(uonnjos surpes) 0qade(d (1

“SA

(110D) 11 2d4a uadefjos uaspdIyD

aurwesoony3 pue JO7 (€
sururesodnys) (g
(Jorauod) 1oyem dey, (1
“SA
(dDd) sopndad uadeion ysig
forem pa[IsIq
SA

sa3esKJoIpAy
uadejoo [ odfa urys sumIog
RY

$21esA[0IpAY
uaBeqjoo [ ad4y opess ystg

(oqaoerd
—VO moym s1ey) %7 :¢H
(3uardxy) 37 %0

(kep/S1l 08
uade[oD) $7 €D

(£ep/31i 07
ualefoD) ¥ 17O

(ogaserd—sier yO) 9¢ 1D
TCT [e0L,

/STRT TeIST N\

yoea saqqex ¢ jo sdnoid

/(ourqre
asauede[ seway) saqqey

(HO
I 2d£a urys supiod) o7 €D

(HD 12d& apeds ysy) 71 17D

(orem PI[SI) TT 1D

/s31d eaum$ Loprepy-upjung

$181 DITIYLIEOI1SO JO aFe[rred Ie[nonie ur

PA9] VAW [(JIALL) 2seutaroxdoferowr
XLIJBW JO IOIIGIYUI 9NSSTI ST [[oM

SE [9A9] YNYW Iy3
pue 3 utsdayred 6-JNIN “€1-dIWIN JO
[249] 22 ur s3dueyd JUEITWOOUOD dzA[eue

pue yQ 3e1 vo (11DD) I 2dhr uadeqoo

UdNIYD [E10 JO 5199352 dnnaderays arojdxa o,

s3urpuy [ed1So[o3s1y pue s1xrEWOIq
wnas EUUEUA— MEOEN—MMAOU UJU $SIsse

o, 'suqqer ur 1DV uo (JDg) apndad

EuMd:Ou Usy pue MC_EdwOuﬁ:m JO 3394)2

oy yoreasax o, -adoards 958 (SD) aaeyns

untorpuoyd pue (yH) proe druoinfedy
(S3]) 23eEI[Ms UTILISY ST YOS SIYIEWOI]
wnaias -«O Uoneiuaduod ﬁﬁ.m %HTHU\VDm

VO U99M19q UONE[R1I0d 33 wudw_uwaC_ oJ,

VO Jjo ppow 3id esums

® ur so3esk[oIpAy uaSefjos jo uonsadur
[eI0 pUE S[[95 WNIAOUAS PaInInd ONIA Ul
Sursn ssoyauds suesjSoururesodL|3

uo dfp-01g jo 53109552 a3 Apmas o,

[¥<]
euy) (£007) nX

[€<] (€107)
uede[ ystuyQ

k49
uede[  (0107) ®reYyO

1ySrom
Jenoo[owr/usdejod

JO dd2mog

aGesop/anor ‘urwpy

[OIIUO0I /UOTIUIAIIUT

az1s ojdwres /ppow [ewrruy

Apmis oy3 jo 2and2(qQ  Anuno)

11U
Apnas yo (7eak)

JoyIne Isay

penunuod 1 dqe ],

A\ Adis



717

Rheumatol Ther (2020) 7:703-740

VN

uonednsaaur 10§ eare Sunsaraiur
ue st Sureudis re[ned donpur o1 AfIqe IRY T,
‘wisijoqeaaw 24501puoyd Y3 uo sarpnis [esrdojoyaed

pue [esrSojorsdyd yaoq ur uossardxs uraroxd pue

VO Ul uonewwepur jo uone[ngal

-UMOP PUE UOIEIIUIZI dNSSI DNPUT 01 INQLIIUOD
3w wsrueyosw siya 3eyd d[qissod st ] “(R-INLL
pue ¢1-71) ssurjoio Lrorewneyui-oxd jo uonempow
-umop a3 pue (Q[-T[) durjoako Lrorewwreyur

-nue ue se [pa se (suedkSostord pue uaferjod |
ad£3 ‘g OD) uononpoid surzoxd xiew re[ndenXd
a8enies pue uonerdgrjord sak>o1puoypd jo
uonenSar-dn paonpur samims-0d anssn [eraouds pue

33e[nres 01 uadeoo | adfa-pazuswkod jo uonippe ayJ,

uonrpuod [esrSojoyaed aya

ur A[[edadss ‘wstjoqelow a3e[rred Uo $[0I IUIIIIP
Keid HD JO $97Is JUAIAIP DI0JAIY ], “WSIOqEIdW
a3e[nied uo $199p52 JUIYIP pamoys HDJ Jo

saz1s snotrea “1oy1a301 uaye ] “uonipuod [edidojoyred
ur 98e[1IEd UO 109JJ0 ISIOAPE PRY SUOLDEI WNIPIW

pue [rews 1nq ‘vonipuod [eaidojorsAyd ur wsrjoqelow

£Bojouyda ], pue 2dudg

Jo [Punoy) [euoneN YT,
skep £ woyy sauerd £q parroddng

1xoddns

[epueuy 2y 10§ (DID
-HOYHd) Anstway)y ur
uoneAouuy .uo.u Dur_u:Duxm—

[e¥] (6002)
epo[[eqIE)

VN “eMeZIIN ]

(vuryd
‘noyrey “pr]
“07) yoazorg
uedenpy

ueureq)

(1%] (8107)

5ua3 Uo 1593 IUGIIYIP pey HDJ JO SIZIS TUIJIP oY, a3enies uo 12952 ou pey D SUONILI} 211 [V skep 8¢ JO 121U puefrey ], /YN 1e1dorewuoog
SIIpMIS OXIA U]

uonem(
suonesrjqnd 5y3 jo sxoyane dy3 £q paisaSSns Apms 10 Apmis oy Jo  (32IMIdEyNUEUN) (veak)

se ndohﬁuwu.— Jo suondaarp Dhﬂae}ﬂu:_auhuwﬁﬂ Jo serny

UoIsnpPuod sioymy

juounear], aosuods 10 231n0S Mﬁm—vgm

sweu puelg Joyne IsI

panunuod 1 9Iqe],

I\ Adis



Rheumatol Ther (2020) 7:703-740

718

PAUIULIZIdP 9q O3 SUTBWDI $aNSST 1Utof

J0 s3usuodwod J0fEeur 31 01 OAIA UI $2INQLIIUOD
sopndad pazijoqelow pue ‘sareSoiife
‘sapndadoSijo yo uoneurquiod e 10 spndadoSijo
5[3urs & yorym 03 JU2IXd 23 pue ‘vonisodwod
apndad a1 jo saduazAlIp o3 01 panque

a1 33e[nIed Y UO SIMIANDE DUMSIP YT,

syuoned ur speonnodenNU 2A1Y2Y0
pue oyes se parjdde Suroq 21030q s[ern [edrurp se

[[oM se [ewIue ul pue o1IA Ul yioq Aydnoioys

sjuoned 10J [EdnNOIEIINU Ofes PUE DALY
ue Uﬂ 0ol —UuumUuuN Un— Ued aInixrur Umuﬁnwum mmﬂu
210§2q $309332 d1donordld Jurpredor oala ur pue
ona ur pazfeue A[nyares aq asnw voneredaxd
HD paraisturwpe A[[e1o yoes ‘snyJ,

"2INIXTW 19YI0UE 01 HD) ® woij parejodenxa
aq ued 19p9 ou ‘suoneredord D usamiaq
uonisodwod spndad ur Liqenrea ySiy

51 01 onp “royumy “afe[nIed IenonIe uewny
ur sisayauksorq uaejoo 1 ad4y srenuins 1ou
op sHD (q) pue tsomaxrw apndad snousSeoo
Sunequqyuou jo dnoid snosusdorady e jo
sweu >1oua3 oy st 21esK[01pAy uaderjod, wrr

o2 (E) 3yl 9pnPUOd M sSurpuyy onra ur

[€10¢ ‘“Mmopeydg] I91[I8d PUE JUILIMD INO UO Paseq

a3e[nIed YO 03 [EIUSWIIIP UIAD O JAIIIIYFIUL
.HUJUMU un— uﬂ.m:.: m—.mu_uﬂvnvﬁ.—uﬂﬁ se TUmﬂ mIU
181 $AEDIPUT ApNis ONIA UT INO paredrIsaAut
uoneredard spyD ayp uo Surpuadop parasqo
21oM $21450IPUOYD UBWINY UO $ID9JJ2 payIew
20uIg "98e[nIed JRMOMIE UBWNY UO $I09JJ0

119y se [am se syuowdely uaSerjod Junuasoidar

skep 9
:uonepeidop
oFemre)

yyc
:SISAYIUAS

uadefon

skep ¢ :ON
pue g1-11 jo

souasaxd oya up

skep 9 :d[
I [w/3u 0°¢
MO wuﬁuwﬁﬁ uﬁ_u

ur uonepeidop

L1/S%10/¢ 3uein) fouay
VOTA PUT $00°077°077°9T
ucw._mu wﬁcﬂnﬂ ﬁduduuﬂuum
EwwﬁmOuBm .:Oﬁwﬁﬁﬂo,u @D u..._u

woiy ueid e 4q ared ur parroddng

(oouexy
xneamd ‘Sys
10728510y 000
UBdd ‘N-HOI 3
000$ 4 gueaded ‘HOA
(Auewzan
Burrygyimun %]
‘HQuo Apremy,  (L107)
pHISY) SUOJIQON  MOpEYS

(Auewon)

Yorqrqy ‘HquH

$1onpoIJ YI[edH
wpD) geydiy-HO

{(soue1g xneang

parpnas 9q 01 aaey sontadoid [esrpaworq sopndadodrjo jo uonisodwod [esrway> Bepnred Aprnas ‘SYS 10[assnoy)
1oy ‘sny 1, sapndad [nyasn Apreonnaderoy Iy y20q 01 19adsar yum Apuesyrudrs K7 SIY1 10J PaAIdda1 Surpuny [euIsIxo 000Z 9 E.wcﬁmum (%]
ureauod 1ySrwr suoneredard aneskjorpy IOJJIP $92INOS SNOLIEA WOy SHD) eI :s1S9auAsorq [eUOnIppE ON "UONEPUNOJ-qY( ‘N-H@ 2 0005 (€107)
uaBerjos 1oy10 10 syusweyy uade[od pazioqeIdJN W ISIY Y3 J0J pateIoqe[d ATed]d sey Apmis QO usdefon oy jo auesd e £q axed ur parroddng o Zh:«&um ‘HQY  mopeyds
suonesriqnd uonein (veak)
ay3 jo sxoyane o3 £q parsafSns se ‘yoreasax Apms Apms (soamadeynueur) JoyIne
JO SUORDAIIP 2IMINY/AIUTEIIDUN JO SLIDY uoIsSNPUOd SIoyIny Jo judunedl], Ay jo Josuods Jo d1nos Surpung sweu pueig ISIL]

MVD.DCUCOU T 2Iqe L,

A\ Adis



719

Rheumatol Ther (2020) 7:703-740

vO u

redar oZe[nred 10 [eLIIBWOI] [9A0U € 9q 03

1IDS 103 [enuaiod 1313 sMoys 3] "UORIPUOd
Krorewwreyur sopun aredox o3enred
soroword pue 9rydsoune sruadorpuoypd

-oid e SpIeA03 JUSWUOITAUS0IdTW

(samansu

YDIBISIY SILIYST

reydueys 4q popraoid

eury) jo weido1 1uswdoppad g

pue yoreasay Aoy [euoneN pue ‘weidorg
pmbs niag jo oFenred

VO [20] 243 mdys 01 safeydorew Suerlng-uonepuno 21rwwo)) ysa I -1>§ [97]
JO UOHEBAIIDE 7 SIIB[NPOWOUNTIWI reySueyg “euryD) JO UONEPUNO, 2IUSIDG Susn ‘sione dy7) (8102)
VN 1IDS ey2 moys sSurpuy mQ sYaM ¢ [ermaeN] [euoneN woyy syueid £q parroddng VN re(q
<o WO juswean ﬂw:.m AOHHEOU AuujumuwcH JUhﬁvwvm
a3 10§ 2010Y> Mau dpraoid Apueiroduwr stoyIne Y ) SILAYSL]
2I0W INQ ‘S[EWIUE [BLIISILIN WO reydueyg 4q paptaoid
paaLdp uadef[od jo sysu sruadounurwr UONEPUNO, 99IWWOY) Y23 ] 15§ reySueys pimbs niag jo aBepared (%]
a1 proae £[uo 10u p[nod [[DS puU® “euIyD) JO UONEPUNO, UG Sursn ‘sroqune 2y (8102)
VN padojaasp Aimau oy 1ea parsaSSns erep asoy ] syoaM ¢ [ermaeN] [euoneN woyy syueid £q parroddng VN re(]
1I-ON
se yons 1onpoid Sunde-mofs, jo uonse
30 wistueydow Surpredax suonsonb Jurrafury
Ur—u .wo eles(ey mmuuﬁ@m [ex} m@Or—uUE .—NMEUU—OE
pue [esrwayd-01s1y ‘[ediSojounuur a3enres remonae
srenbape jo asn pue [[-DN Jo JO UONIBIOLINIP AISS2IXd 1uaadld pue
UONNQLISIP INSST PUE WSI[OQRIIW SSISSE O 20Uy paInfur ay1 Jo UOMdUNY [edIUBYIIW
punodwod pajaqe[orpex Jo asn “WsoqeIdw oy aaoxdur ued Amfur 11ye Aprerpawrur [s7]
a3enie> uo Jurreaq peoy pue asnsip jo pardde uaym 1-H) Jo vsop Ajrep Iueadpex (VD ‘epruag (L102)
1edwr pue Lrjeuonouny jutof sso1ppe 19339g Aqresturpo e 3y orEIISUOWIP SI[NSAT Apnag syoam g aIedI[ed Jownsuoy) 19zyJ £q patoddng PEIHIU) (11-0N Beq
SIIpMIS OAIA U
suonesrqnd uonemn( (reak)
a1 jo syoyane oY1 £q passafSns se Yoaeasox Apms 10 (30In308yNUCI) Ioyne
JO SUONOINIP 21NNy /AIUTEIIDUN JO SLIdY UOISNPUOD SIOYINY  JUSWIIEIX], Apmas a3 jo rosuods 10 a31n0s Surpuny sureu puerg IsIq

ﬁuSCUEOU T 9Iqe L.

I\ Adis



Rheumatol Ther (2020) 7:703-740

720

Yareay uﬁ_o_ uo JD JO 102
ﬁmmumwﬂuﬂ Uﬁ—u mu:ﬁﬂun_ EmmENJUUE —UU—MNHUT Uﬂu

ayepon 01 paxmboar are ‘dAp-01 st yons ‘gD

uoneruadop uadefod 1 ad£1 pue uorssardxs

CT-JAA Suniqryur 49 YO uo uonode
aandat01dorpuoyd 119x2 01 enusiod oy sey

uede[ “ASojouypa ],
(uede[

eyesQ “ouf
‘upEPn TIIN)

pue 2udpg a1odg @Imny) ‘uonednpy
JO ATISTUTJN] WO} SOMISIOATU) 2IBALL] 10§

155(01J PopIe-1ULIS) UONEPUNO, YDILISN

(6]

Jo ssusuodwod ayn Sunednsoaur sarpmas oyumy g0 ey 15933ns Apnas auasaxd oy jo synsox ay T, sypom g o1doreng oya woyy ueid e £q ared ur parroddng /YN (L107) eest
soumfur ae[nied jo uonerolsar uo Jureay
pasueyud Aparey v oa¥d N[O pue udSe[jod
Jo uonensturwpe snosueanuig ‘sopndod
uaSefjos oy jo proe ourwre 1usuoduwod
urews ay3 ST yIIYM 9unA|S 10§ paATasqo
seam 109352 Tennred e A[uo pue osoony3-(g
JO UOHENSIUTWPE Y3 10§ PIAIISQO 10U
210M 199133 3$3Y ], 3U2IU0D UedA[3-oururesodL]3
aredar oSemires pue ueskj3oano1d a3e[mres [ewrou Suiseardur (o&y01, “0D [8%]
uo uade[[od Jo PIOE oUTWE YIED JO 1D 105 osfe nq “rredor sfewrep oFemuies 103 Ajuo SYOIM ¢ S1o3dRJ (€007)
Y3 UTWIAIAP 03 parmba st uonESNSIAUT 19y, 30U 2ARdYD a1am sapndad uaefjos ay3 pue N[O pue ¢ VN  wey uoddiN) epIyseHq
Adesoya 33e[nres uo 139y 2anva101d (%]
SILIYIIOIISO UT 9IUBAI[AI SIT pue uade[jod B SOA[OAUT 1Y) WSIUBYIIW € Aq I9AIT[2I 2dUIO[] JO ANSIoATUN) (€1027)
350p MO] JO WISTUBYDIW 33 INOQE UonEdnsaAur ured se uadejjoo J1 adfa aaneu jo safesop moj a3 Aq pue yoressay pue AsIoATU() (uredg I[PUUEA
1oy 10§ 35913ut oY1 $3yIySry 2uspiad sty Jo Adesyye [esturard ays 2quIdSIP SINSIT DY T, skep €1 ‘uononnsu] jo ANSIUTA uerel] a3 £4q papunyg  ‘edraqrolg) YN a1esa)) 1(]
uondE Jo [e1 [edruIp urwny B Ul $199) Sudjpowr
WSTUBYDIW II9Y1 01 SAIB[AI DILJ[NS UNIOIPUOYD -oseasIp [enuaiod pue SUOMEdYIPOW [EINIONIIS
pue surwresoon|3 ‘suoneredoid paseq-uadefjos 7 autof jJo uoneness pue Apnis sustuEYIIW
ad£a Surpnpour ©9and101d urof aq 01 parrodind 1oy1ny 10§ a3e3s oya Sumes YO onewnenisod jopssnoy
9Ie JeYl S[EdINIOLIINU 110 put [[0DY ur {rorewwegur-nue pue dandoidorpuoyd SINVIN/HIN wo3j ‘ooozd [9%]
10J pazomsue aq 03 394 st 1eyy uonsanb uado uy ST T[0DY ey 15333ns SI[NsaT 2591 [[BIGAQ) YoM 9 siueid pue ‘ygAg 10pessnoy 4q parroddng Queaddd  (L107) *a
suonesrqnd uoneIn(y
a3 jo sxoyane o3 £q parsafSns se ‘yoreasax Apms 10 (r2am3>ENUEW) (reak)

JO SUOMdIXIP 2rmIny/AIUreIINDUN Jo eIy

uorsnppuod sioymny juouneary,

Apmnas o3 Jo yosuods 10 d1mos Surpung sweu pueig

Joyine ysang

panunuod | J[qe],

A\ Adis



721

Rheumatol Ther (2020) 7:703-740

SUONIBIIUDUOD dnoi8 juswieon Pu® [01IUO0S Y] UI2MId]Q
SIOUSIJIP uﬁwo@:—w_m ou 2IaMm 21913 ‘IOAIMOH] .GOGwP—MOu& YO

wﬁinu:—OE 10j [nyosn 2q uﬁ.wﬁe 9%8 SO pue YH jo uonewnss

Amfur o3emres aeneas o1 s3urpuy [esidojolsty o3 e Sunsad3ns sSurpuyy [ea130703s1y 93 YIIM PAIR[RIIOd 9§ §O) (uede(
UONIPPE UT Pasn 2 Ued SIILWOI] JO SUOHEIIUDUOD PIINSEIW pue YH JO S|oAd] Pa32219p Y3 ‘Apnas 3uasaxd srya ur tuonepeidop wjonzZIys “pag
oy e Aarpiqssod oy sredtpur synsar mQ Ppow 1OV snourSenes jo uorssarSord aya Surssasse 10§ nyosn aq [Im “07) Ansnpuy
Y1 UT SIOYIEWOIQ Y2 JO DULYIUSIS SY1 2ILN[EAD 01 PIIINPUOD SIILIYLIE 10J SIOYIBWOI] SNOLIEA JO UOMEWNSY “Ppoul [ TDVY mpedeyuesng (€9]
5q pnoys 1udwadxs wis-193uo] € 9I0j1Y) IaIEWwolq ue ur uonepeidop aZenied pajjonuod APAnday dururesodnd nziex) (€102)
(OB 10§ SIOUIIDIP [eNPIAIPUT 2T& DI JEY3 dIEDIPUI SI[NSII I5Y ], 10/pue I JO UONELNSIUIWPE [EI0 ‘s3nsdI 1udsdid 1o woi] SYPoM I VN /YN ysiuyO
wnnouds ay3 ur uononpoid ppe sruompedy jo
uone[nwns £q parerpawr aq 1ySrw Yorym 9Fe[1Ied SNLIYIIL0ISO (uede( ‘eyesO [z¢]
Yamm paseosse sadueyd [esidojoydiows pue s g Y3 103je ued “UREPD TN (01027)
VN  sopndad Surureauos-dApy paatiap-pooy 1eys 3s333ns sansox asoy T, SYPoM I VN /YN eIeyQ
Apueurwopaxd (uedef
sorpnis stsoyauds uadeod 1 2d£1 jo uonowoid £q paioxs aq ‘Tepuag +diod
OATA UI [EUONIPPE [EISADS PUE SIIPNIS OINIA UI UO Paseq Douy 01 sxeadde 1595 STy, *s11qQeI UT UOMdISUEI JUDWESI] 2IBONID [ syl (19]
VO 242 10§ &deraya uondafur dapy jo uonemp pue Louonboy JI0OLIOIUE AQ PadNPUT SNLIYITE02150 A[1ED JO UonEIauaSop JJenred pieasay [EUD) (€107)
<asop [ewndo oY1 SUTWINAP 01 PIPIdU ST UonEUTWEXD YL  Jo uoissaidord pakepp yH/dip pue dipy jo suonsofur esrporag syPaM G VN /YN ejoereN
sjutof pagdewrep
105 sardexoya aandar01dorpuoyd jo 1udwdo[dasp oY1 10§ siseq sonssn
[euoner € opraoid pnom UOHMENUIIANIP 2450IPUOYd UO HD 19811 ur suonouny a1 3eyd pue ‘unepes se yons syudwoddns (uede( ‘eyesO [0s]
Jo uonde Jo wsiueyddWw Y1 Jurpuelsopun ‘os|y “siuawoaddns Are1arp woxy osye anq sanssiy Jurar] ur uaderjod woy A[uo 1ou URTPD TAIN) (60027)
HD JO s199pJ5 53 21e3nsoaut 01 A1ess00u dre so1pnis 1oyun,]  paALap st ‘dApy-o1qg ‘opndad sanseorq oys ey sordwr Apras sty SYPIM € VN /YN TuereeN
Apms o3
uonem(q Jo osuods (reak)
suonesriqnd oY1 jo sroyane oy3 £q Apms 30 10 2>1Mo0s (vmydeynuewr) Joyine
P215383ns se ‘yoressar Jo suondIIp 21nINy/AIUTELIIIUN JO SLIDY UOISNPUOD SIOYINY  IUSUNEIL], Surpuny swreu puerg ISIL]

ponunuod 1 9[qeJ,

I\ Adis



722

Rheumatol Ther (2020) 7:703-740

Aeras of uncertainty/future directions of research, as

Treatment  Authors’ conclusion

Funding source

Brand name

Table 1 continued

First

suggested by the authors of the publications

or study

or sponsor of

(manufacturer)

author

Duration

the study

(year)

The exact mechanism by which CCII reduced the OA

Oral CCII reduced articular cartilage degradation of

NA/ (Shanghai institute ~ NA 8 weeks

Xu

cartilage damage remains uncertain and cannot be answered

osteoarthritic rats and may probably be a potent drug

of herbal biology,
Shanghai, China)

(2007)

within the scope of this study

candidate for OA treatment

(54]

ACLT anterior cruciate ligament transection, Admin. administration, CH collagen hydrolysate, CMC 1% carboxymethylcellulose sodium salt, CP collagen peptides, GlcN D-glucosamine, MMP matrix

metalloproteinase, M# molecular weight, N4 information not available, O4 osteoarthritis, PMMT partial medial meniscectomy tear, pMMx partial medial meniscectomy, SCII squid type II collagen

undenatured collagen (UC), also known as
native collagen. The other ten studies investi-
gated collagen hydrolysate (CH); two of them
used atelocollagen, administered by intra-artic-
ular injection [26, 45]. The two studies on UC
used different rat models of OA, different
dosages of orally administered collagen (see
Table 1), and measured different outcomes
[25, 47]. In Bagi et al. [25], the endpoints
included the weight-bearing capacity of front
and hind legs, serum biomarkers of bone and
cartilage metabolism, analyses of subchondral
and cancellous bone at the tibial epiphysis and
metaphysis, cartilage pathology at the medial
tibial plateau using histological methods, and
the presence of possible fractures or other bone
abnormalities. In the study by Di Cesare Man-
nelli et al. [47], the following outcomes were
measured: The decrease of articular pain, pos-
tural unbalance measured as hind-limb weight-
bearing alterations, motor activity, cartilage
degradation measured by the decrease of plasma
and urine levels of cross-linked C-telopeptide of
type Il collagen (CTX-II). Although these two
studies did not consider the same outcomes,
they all concluded that UC have protective
effect on articular cartilage. Likewise, the stud-
ies on CH, investigating collagen from various
sources and at different dosages, all concluded
that this compound has a chondroprotective
effect.

Clinical Studies

All the retrieved clinical trials and observational
studies were designed to assess the efficacy and/
or safety of collagen derivatives in OA patients.
The main characteristics and findings of these
studies are summarized in Table 2. Almost all of
these studies included patients with knee OA;
only one RCT [67] and two observational stud-
ies [74, 75] included patients with hand, hip, or
knee OA. The clinical trials investigated UC and
CH, and there were more RCTs on CH than on
uUcC.

Five clinical trials investigated UC, among
which only two studies were RCTs against pla-
cebo, namely the studies by Stancik et al. [68]
and Lugo et al. [64]. The first study investigated
undenatured type I collagen (COL-I), and the
second was on undenatured type II collagen
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Aeras of uncertainty/future directions of research, as suggested by the authors of the

Authors’ conclusion

Sample

Study

Funding source or

Brand name

Table 2 continued

First

publications

size

(manufacturer) sponsor of the duration

author
(year)

study

Further studies are necessary to confirm the efficacy of COLLII as a protective factor of OA

NA 1 year GCC: COLLII could represent a

NA

Scarpellini

cartilage, and the potential significance of uCTX-I as a further marker to assess the

further protective factor in

57

(2008)
[75]

evolution of EOA bone damage

OA cartilage

GC: 47

CS chondroitin sulfate, COLLIT type II collagen, EOA erosive osteoarthritis, GH glucosamine hydrochloride, HA hyaluronic acid, N4 information not available, RCT randomized controlled trial, »CTX-I

urinary C-terminal cross-linking telopeptides of type I collagen, USA United States of America

(UC-II). The other three studies on UC investi-
gated all type II collagen: The study by Bagchi
et al. [S5] is a very small pilot study with no
control group, associated to an in vitro mecha-
nistic exploration study; according to the
results from our literature search, this was the
very first publication on collagen derivatives in
OA and cartilage repair. In all of the five clinical
trials on UC, orally administered UC was used
(see Table 2).

We identified ten clinical trials on CH, three
of which used intra-articular CH and seven oral
CH. Among the studies on CH, one investigated
atelocollagen, which was intra-articularly
injected [63]. Contrary to studies on UC, most
clinical trials on CH in OA were placebo-con-
trolled trials.

Most of the clinical trials on collagen
derivatives (UC and CH) were relatively short-
term studies (3-6 months), the longest study
duration of currently available studies being
11 months (only one study). In addition, it is
worth noting that almost all of these studies are
of relatively small in size. Despite variations in
dosages and sources of collagen, all of these
studies on UC and CH concluded on positive
effects in OA patients (see Table 2 for details).

Three major systematic reviews, all with
meta-analysis, have evaluated the effects of
collagen derivatives in OA patients [27, 28, 31].
These systematic reviews included different
individual studies (Table 3), depending on their
publication date and their selection criteria. The
two latest systematic reviews/meta-analyses
[28, 31] concluded on beneficial symptomatic
effects of supplementation with collagen
derivatives, but all advocated for longer clinical
trials in larger populations to establish their
therapeutic effects in OA patients.

DISCUSSION

The aim of this study was to systematically
review the body of evidence on collagen
derivatives in OA and cartilage repair, and
describe the nature and trends of current
research and research findings in this setting.
Our systematic literature search indicates
that there are relatively few studies, both
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preclinical and clinical, on the effects of colla-
gen derivatives in OA and cartilage repair.
America and Asia are the parts of the world
where most of the studies have been conducted,
with only a quarter of studies published by
research teams from European countries.
Research interest in collagen derivatives as a
supplement option for OA and cartilage repair
seems to be relatively recent; in fact, the large
part of the research in this setting has been
undertaken in the past decade.

Our findings indicate that most of the
research published so far, not taking into
account its quality, has concluded on beneficial
effects of collagen derivatives, suggesting that
they may have some potential to serve as a
novel and relevant supplement option for OA
patients. In particular, all of the in vivo pre-
clinical studies, whether on UC or CH, and
whatever the source (chicken, fish, porcine,
bovine, squid) or molecular weight of collagen,
have demonstrated a potential of collagen
derivatives to reduce cartilage destruction or
promote cartilage repair (see Table 1). These
exciting results have, however, been moderated
by findings from two in vitro studies conducted
by the same research group from Germany,
which compared different CH preparations
(different sources and sizes) and concluded that
CHs from various sources differed in terms of
their peptide composition and were either
ineffective or even detrimental to OA cartilage
[43, 44]. Similar findings were reported by a
subsequent study from Thailand, published in
2018, which compared fish CH of different
molecular weights [41]. Besides the results from
these in vitro studies, the findings from the
in vivo studies have been confirmed by clinical
studies in OA patients. In fact, all of the pub-
lished clinical trials found that oral supple-
mentation with collagen derivatives or
administration by intra-articular injection
improved symptoms and/or quality of life in OA
patients. However, it may be necessary to take
these research conclusions with caution, as
most of the clinical trials were of relatively short
term and small in scale. In addition, there are
currently very few RCTs against placebo on UC
and CH in OA patients. Although most of the
available clinical trials on CH (ten studies) are

RCTs against placebo, it should be kept in mind
that these trials investigated CHs from various
origins, molecular weights, and from different
manufacturers (see Table 2). As reported by
Schadow et al. [44], due to the high variability
between CH preparations, no effect can be
extrapolated from a CH to another one.
Another important point is the quality of evi-
dence from these studies, as reported by meta-
analyses using the GRADE system. In fact, in a
meta-analysis by Van Vijven et al. [27], the
evidence was found to be of moderate to low
quality, among others, because of methodolog-
ical shortcomings in the included studies. Very
importantly, our findings indicate that there is
consensus among clinical research authors that
further research is needed to confirm these
preliminary results [61, 63, 65] and, particularly,
to elucidate the mechanisms of action [61, 64]
of collagen derivatives and their effectivity in
delaying the natural history of cartilage degra-
dation in OA patients [58, 65, 67]. The need for
high-quality and long-term clinical trials in
larger populations has also been advocated by
the authors of all the meta-analyses on collagen
derivatives in OA [27, 28, 31]. On the other side,
it is important to note that current evidence
shows that collagen derivatives are safe for OA
patients [59, 64], although further confirmatory
studies are warranted [28]. However, the safety
results seem to be confirmed by toxicity labo-
ratory studies, both for UC [77] and CH [78].
Although better clinical trials and additional
preclinical studies are warranted to confirm the
beneficial effects of collagen derivatives in OA
patients, many other studies in other popula-
tions have also shown promising results. In fact,
several clinical trials in veterinary medicine
have come to the conclusion that collagen
derivatives may have beneficial effects in ani-
mals, with a good safety profile [79-81]. Like-
wise, studies on healthy subjects or those with
articular pain have concluded on the efficacy of
supplementation with collagen derivatives
[82, 83], showing improvement of joint comfort
in healthy subjects [84]. Additionally, a few
studies have investigated the effect of collagen
derivatives on chondrocytes in vitro, with
promising results. These particular studies have
not been included in the current scoping review

I\ Adis



734

Rheumatol Ther (2020) 7:703-740

(unless they also involved experiments on
articular cartilage or OA) because they did not
directly address the research question of this
paper. For example, Oesser and Seifert showed
that culture of bovine chondrocytes with
degraded collagen stimulated the biosynthesis
and secretion of type II collagen [85]. Likewise,
a study included in this scoping review reported
that CH may prompt chondrocytes to produce
hyaline cartilage and prevent fibrous tissue for-
mation [71].

One of the questions raised by the idea of
supplementation with articular cartilage com-
ponents such as collagen derivatives in OA
patients is the gut absorption and the thera-
peutic mechanism behind the effects of such
compounds. To answer the first part of that
question, Oesser et al. [22] orally administered a
'4C labeled gelatine hydrolysate to mice in
order to investigate the time course of its
absorption and subsequent distribution in var-
ious tissues. They found that gelatine hydro-
lysate accumulated in cartilage tissue after
intestinal absorption and distribution through
blood circulation, a few hours after ingestion
[22]. More recently, Taga et al. [24] reported
concentration of collagen-specific peptides in
human plasma and urine after oral ingestion.
Similar results have been reported by other
authors [23, 86, 87]. However, the real working
mechanism of collagen derivatives in OA
remains roughly unclear [44, 47], although
preliminary results suggest the stimulation of
collagen biosynthesis by chondrocytes [85], the
use of collagen-specific peptides as building
block for articular cartilage [22], or the inhibi-
tion of apoptosis and hypertrophy of chondro-
cytes [26]. Taken together, all of the results from
the studies included in this scoping review,
along with evidence from other studies, as
briefly reported hereunder, strongly suggest that
use of collagen derivatives as dietary supple-
ments may be a relevant strategy in the thera-
peutic management of OA, albeit this remains
to be confirmed.

Another issue that needs to be clarified is the
role of the source of collagen and manufactur-
ing processes on its therapeutic effects. In fact, it
has been reported that different CH may have
different peptide composition [43, 44, 88] and

exhibit different effects on articular cartilage
[43, 44]. It may therefore be important to dif-
ferentiate collagen derivatives according to
source of collagen and manufacturing proce-
dures. Setting up studies to identify therapeuti-
cally useful peptides in collagen derivatives may
help in identifying the best sources of collagen.
Research on the potential for difference in
effects according to molecular weights also
warrants further consideration, though current
evidence already shows differences in effects on
cartilage metabolism [41]. All of these parame-
ters might, in fact, be relevant for future meta-
analyses, particularly in the investigation of
possible sources of inconsistent results from
clinical trials.

While collating and synthetizing evidence
from individual studies, we identified several
gaps in the current research on collagen
derivatives in OA. Firstly, regarding preclinical
studies, there are very few in vitro studies
assessing the effects of collagen derivatives on
articular cartilage. Another important point is
the lack of harmonization of endpoints or out-
comes in preclinical studies; in fact, using the
same endpoints for the same types of studies
may ease comparability of results across studies
and limit unnecessary controversies. The sec-
ond type of research gap is related to clinical
studies. As previously outlined, there is a lack of
long-term and large-scale randomized placebo-
controlled trials in humans to support the
beneficial effects of collagen derivatives in OA, a
gap that has been identified by other authors
[28, 31]. Even if it may be argued that power
calculation has been performed for the current
studies, a meta-epidemiological study investi-
gating the effects of small study in meta-analy-
ses of OA trials concluded that results of small
trials of low methodological quality often dis-
tort results of meta-analyses in OA [89]. The
authors of this meta-epidemiolocal study sug-
gested the randomization of an average of 100
patients per treatment arm to achieve satisfac-
tory requirements [89]. Adhering to this for
future OA trials, whatever the outcomes con-
sidered, may help in improving consensus
around the findings from clinical studies on
collagen derivatives in OA. The other important
research gap identified is the lack of studies
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involving patients with OA of joints other than
the knee; indeed, having positive results from
high-quality studies including patients with hip
or hand OA may strengthen the body of evi-
dence on the role of collagen derivatives in OA.
Likewise, clinical studies investigating radio-
logical changes in OA patients after supple-
mentation with collagen derivatives are still
lacking. Ultimately, future clinical research
authors should consider adhering to the guide-
lines developed by the European Society for
Clinical and Economic Aspects of Osteoporosis,
Osteoarthritis and Musculoskeletal Diseases
(ESCEO) for reporting of adverse events in
manuscripts on clinical trials on collagen
derivatives in OA patients, for transparency
around the safety of these compounds [90].

This scoping review has some limitations
that need to be outlined. One of the limitations
is the fact that we did not report the outcomes
considered in the individual studies. While
reporting outcomes in the tables synthetizing
the studies would have been highly relevant,
particularly for preclinical studies, doing this
appeared challenging for a reason of readability
of information in the tables. We would there-
fore advise the reader of this research to go
through the specific articles in the case he/she
would need this specific information. Other-
wise, the main outcomes in these studies are
anyway somehow evoked in the conclusions
reported in Tables 1 and 2. Another potential
limitation is the fact that we did not include
studies investigating the effects of collagen
derivatives on chondrocytes, which would
allow covering the whole research area of col-
lagen derivatives in OA and cartilage repair.
However, we thought it would be better to first
focus on studies directly investigating the
effects of collagen derivatives on articular car-
tilage or in OA patients, before envisaging
looking at studies on chondrocytes, which may
be more mechanism exploration studies. Not
having assessed the methodological quality of
the studies included in this review may also be
considered another limitation; however, scop-
ing reviews do not traditionally investigate this
issue [37, 38].

CONCLUSIONS

This study is the very first systematic scoping
review on collagen derivatives in OA. It pro-
vides a clear overview of the current knowledge,
from preclinical to real-life studies, on the effect
of collagen derivatives on articular cartilage and
symptoms in OA patients. Current evidence
shows that supplementation with collagen
derivatives, as food ingredient (oral CH or UC)
or biodrug (intra-articular CH), may be a
potential therapeutic or supportive strategy in
OA patients, although much more work is nee-
ded in terms of laboratory and clinical research
before any definitive conclusion can be made.
Clarifying the mechanism of action of collagen
derivatives in OA, designing and conducting
better and further randomized placebo-con-
trolled trials with specific products manufac-
tured according to Good Manufacturing
Practice, and performing high-quality meta-
analyses according to brands using data from
high-quality studies, will help in bringing
robust evidence on the usefulness or not of
collagen derivatives as a relevant complemen-
tary secondary prevention option for the man-
agement of OA.
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