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A B S T R A C T

Introduction: Although calcium pyrophosphate deposition (CPPD) disease is common, there are no validated
outcome measures for clinical research in this condition. The aim of this study was to generate a list of out-
come domains as reported by patients, their caregivers, healthcare professionals (HCPs) and stakeholders to
inform the development of an Outcome Measures in Rheumatology (OMERACT) Core Domain Set for CPPD.
Methods: Patients with CPPD and their caregivers, HCPs and stakeholders took part in semi-structured quali-
tative interviews to explore potential outcome domains for CPPD clinical research relevant to their lived
experience and knowledge of CPPD. Interviews were conducted in six countries across three continents. Data
was analysed using manifest content analysis to identify outcome domains, which were tabulated and
mapped to the core areas as defined by the OMERACT Filter 2.1.
Results: Thirty-six interviews were conducted in total. Participants comprised of 28 patients (six of which
included a caregiver), seven HCPs and one stakeholder. The commonly identified (sub-) domains (d) across
the 1) abnormalities/manifestations core area were joint pain (d = 35), joint swelling (d = 27), joint stiffness
(d = 25), CPPD flares (d = 25); 2) life-impact core area were overall function (d=35), and specifically the ability
to complete daily tasks (d = 25); and 3) societal/resource use core area were use of analgesic medicines
(d = 26). Patients more commonly reported joint swelling, stiffness and range of movement, and use of
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analgesics while HCPs more commonly reported domains relating to presence of CPP crystals, radiologic cal-
cification, joint damage, time to diagnosis and suitability of treatment.
Conclusion: Among a number of potential outcome domains identified, articular manifestations, function and
analgesic use were most frequently mentioned by participants. These findings will be used to develop an
OMERACT Core Domain Set for CPPD.

© 2021 Elsevier Inc. All rights reserved.
Introduction

Calcium pyrophosphate (CPP) deposition (CPPD) manifests as
acute CPP crystal arthritis, chronic CPP crystal inflammatory arthritis,
and osteoarthritis (OA) with CPPD, and is commonly detected as
articular chondrocalcinosis on radiographs [1]. Although prevalent
[2], CPPD is under-researched, with only a handful of clinical trials
and no validated core outcome domains or measures [3]. For
instance, a double-blind, placebo-controlled, randomised-controlled
trial of methotrexate for CPPD used the 44-joint disease activity score
(DAS-44) as the primary outcome measure [4]. This outcome measure
was developed for rheumatoid arthritis (RA) and does not map to the
clinical manifestations of CPPD that are typically characterised by a
mix of chronic mechanical and, acute and chronic inflammatory
symptoms. The lack of a core domain set is an important barrier to
clinical research in CPPD.

A core set of outcome measures is needed to assess the benefits
and harms of interventions, and to better understand the natural his-
tory of a disease in terms of disease progression and its impact on the
individual. The first phase in developing core outcome measures is to
identify and prioritise the core outcome domains taking account of
the published research, and input from patients, healthcare profes-
sionals (HCPs) and other stakeholders [5,6]. Working under the aus-
pices of the Outcome Measures in Rheumatology (OMERACT)
initiative framework [7] the OMERACT CPPD Working Group has
completed a scoping review of published studies, which identified
outcome domains used in prior research studies [8].

The aim of this study was to generate a list of outcome domains
reported by patients and their caregivers, HCPs, and other stakehold-
ers that would complement the outcome domains identified in the
literature search and inform the development of a core set of out-
come domains for future CPPD trials and observational research stud-
ies.

Methods

Participants

This study involved patients with a diagnosis of CPPD, their care-
givers, HCPs and other stakeholders. Participants were identified and
invited to participate in a semi-structured interview at one of the six
sites across the world, including three continents (University of Auck-
land/Auckland District Health Board [New Zealand], Nottingham Uni-
versity Hospital NHS Trust [UK], Brigham and Women’s Hospital
[USA], Hospital de la Santa Creu I Sant Pau [Spain], University of Fer-
rara [Italy], and Lille Catholic University [France]). Other stakeholders
from the pharmaceutical industry and research funders were invited
to participate based on the co-chairs’ knowledge of the field.

Patients were sampled using a maximum variation technique to
ensure the various clinical presentations of CPPD were represented.
Participants with different clinical presentations were recruited until
sufficient numbers were reached that reflected approximately their
proportions within the CPPD population. The clinical phenotypes of
CPPD were defined according to the expert opinion of their rheuma-
tologist, and comprised a) acute CPP crystal arthritis, b) chronic CPP
crystal inflammatory arthritis, and c) CPPD + OA [1]. In addition, the
rheumatologist also specified whether axial and/or appendicular
joints were involved. As the manifestations of CPPD vary from one
phenotype to another over time, and both appendicular and axial
joints may be affected sequentially or simultaneously, it was possible
to classify a patient to more than one group.

Ethical approval

The study received ethical approval from West Midlands-Coven-
try and Warwick Research Ethics Committee, UK (19/WM/0264) and
was registered on clinicaltrials.gov (NCT04176003). Ethical approval
was also received to conduct interviews at the other five sites (Auck-
land Health Research Ethics Committee (000131) and Auckland Dis-
trict Health Board (A+8575), New Zealand; Partners HealthCare
Institutional Review Board (2019P002136), USA; Universitat
Auton�oma de Barcelona (EC/19/266/5667), Spain; Comitato Etico
Indipendente di Area Vasta Emilia Centro della Regione Emilia-
Romanga (644/2019/Oss/AOUFe), Italy; and, Lille Catholic Hospitals
Institutional Review Board (CIER-2019-34), France).

Interview guides

Three separate semi-structured interview guides were developed
for patients and their caregivers, HCPs and stakeholders with involve-
ment of the patient research partners in the OMERACT CPPD working
group. All interview guides listed the outcome domains identified in
the scoping literature review and participants were asked to agree or
disagree on which domains they perceived to be relevant. Addition-
ally, patients and caregivers were asked about their lived experience
of CPPD, and HCPs and stakeholders were asked about their experi-
ence of managing CPPD patients and views of patients lived experi-
ence, from which further outcome domains could be identified. The
interview guides can be found in the supplementary material.

Interview procedure

Participants were invited to take part in a one-to-one interview
after giving written informed consent. Patients had the option to do
this as a paired interview with their caregiver. Interviews were con-
ducted face-to-face or by telephone in a private room by a researcher
local to each site (AF, KC, CDT, GF, TP, and ST). The median (IQR)
length of the interviews was 20 (16�28) min. All discussions were
digitally audio-recorded.

Data analysis

Interviews were transcribed clean verbatim, translated into
English where necessary and identifiers removed. Data were ana-
lysed using manifest content analysis to identify potential outcome
domains and count how often they were present across the inter-
views [9]. Outcomes were coded deductively using the list of out-
come domains identified in the scoping review [8], and inductively
from the text. AF and KC independently coded 10% of transcripts and
compared findings. Any differences were resolved by discussion
between the two coders. A third coder (AA) was available to clarify
any disagreements between the two coders, but this was not needed.
After consensus was reached, AF coded the remaining transcripts.
The third coder was consulted to discuss any additional potential
domains identified in the remaining transcripts. All domains identi-
fied from the transcripts were then categorised according to one of
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four core areas: manifestations or abnormalities, life impact, longev-
ity and societal or resource use, as defined by the OMERACT 2.1 Filter
[10].

The frequency of each reported domain was tabulated by inter-
viewee group, to explore differences in domains reported by patients
and their caregivers, and by HCPs and other stakeholders. Patient
interviews were further subdivided according to their clinical presen-
tation. As patients and their caregivers were interviewed at the same
time, data for these were analysed together. Mean (standard devia-
tion [SD]) were calculated for descriptive statistics.
Table 1
Summary of outcome domains (d) identified from the patient and caregiver (n = 28), and h
and domains of OMERACT Filter 2.1 [9].

Concepts Pathophysiology Impact of health cond
Core Areas Abnormalities/Manifestations Life Impact

Outcome domains Symptoms/Signs:
Joint pain (28, 7)
Joint swelling (23, 4)
CPPD flares (19, 6)
Joint stiffness (21, 4)
Joint movement (19, 3)
Fever (3, 1)
Joint heat (7, 2)
Joint redness (0, 1)
Biomarkers � Imaging or Soluble:
Inflammation in the blood or joint fluid (2,
4)
Crystals in the joint fluid (8, 5)
Joint damage on imaging tests (7, 2)
Joint calcification on imaging tests (8, 5)
Other manifestations:
Related medical conditions such as osteo-
arthritis (14, 6)
Side effects of treatment (9, 2)

Impact of manifestatio
Overall function (27
Ability to complete
Ability to do usual h
cise, and social activ
Ability to work (9, 5
Adapting to physica
Balance (2, 0)
Reliance on family m
Quality of life (2, 5)
Sleep quality (6, 0)
Emotional or psych
Patients’ financial w
Response to treatm
Satisfaction with tre

(d, d): number of patient and caregiver interviews, number of healthcare professional and o
Results

In total, 36 interviews were conducted across the six sites, in three
continents. The participants comprised of 28 patients (16 female) of
which six included a caregiver, seven HCPs and one stakeholder from
a non-profit arthritis-focused organisation. Seven additional stake-
holders from pharmaceutical companies, research funders, hospital
management and regulatory authorities were invited to participate.
Of these, six declined without a reason or stated that their organisa-
tion was not interested in CPPD research currently and, one stake-
holder reported no previous experience of CPPD.

Patients’ mean (SD) age, and age at disease onset was 73.3 (9.8)
and 67.5 (11.5) years respectively. They represented a range of CPPD
manifestations, and several participants had more than one manifes-
tation; 21 had episodes of acute CPP crystal arthritis, 9 had chronic
CPP crystal inflammatory arthritis, and 21 had CPPD + OA (Fig. 1).
Twenty-six had appendicular and six had axial joint involvement.
The HCPs included rheumatologists (four), general practitioners
(two), and a rheumatology nurse. The other stakeholder was from an
advocacy group for people with arthritis.

Outcome domains identified across all interviews

Outcome items and statements that mapped to 44 domains (d)
were identified. Table 1 shows the domains identified across the
patient and caregiver, and HCPs and stakeholder interviews mapped
to the core areas and domains of the OMERACT Filter 2.1.

Manifestations
Outcome domains within this core area were categorised into

symptoms/signs, biomarkers, and other manifestations. Common
domains (or subdomains) identified that mapped to symptoms/signs
were joint pain (d = 35), joint swelling (d = 27), CPPD flares (d = 25),
joint stiffness (d = 25) and joint movement (d = 22). Outcome
domains that mapped to biomarkers were joint calcification (d = 13),
joint damage (d = 9), crystals in joint fluid (d = 13) and inflammation
in blood or joint fluid (d = 6). Outcome domains that mapped to other
manifestations were related medical conditions such as osteoarthritis
(d = 20) and side effects of treatments (d = 11). Joint swelling, stiffness
and movement were more often reported by patients, and domains
ealthcare professional and other stakeholder (n = 8) interviews, mapped to core areas

itions
Longevity Societal/Resource Use

ns on:
, 8):
daily tasks (20, 5)
obbies, leisure, exer-
ities (18, 3)
)
l ability (7, 0)

embers (11, 1)

ological wellbeing (9, 2)
ellbeing (3, 2)
ent (7, 4)
atment (6, 3)

Survival (0)
Mortality (0)

Healthcare utilisation:
Use of analgesics (23, 3)
Use of anti-inflammatory medicines:
Colchicine (12, 4)
NSAIDs (9, 4)
Corticosteroids (12, 6)
Use of immune-suppressive medicines:
Anakinra (1, 1)
Methotrexate (3, 1)
Leflunomide (0, 1)
Hydroxychloroquine (1, 0)
Nutritional/visco-supplementation:
Hyaluronic acid (1, 0)
Folic acid (1, 0)
Number of medications (7, 2)
Number of treatments (3, 2)
Need for joint surgery (6, 4)
Duration of hospital stay (2, 2)
Time to correct diagnosis (4, 3)
Costs:
Direct costs (1, 0)
Indirect costs (1, 0)

ther stakeholder interviews; NSAIDs: non-steroidal anti-inflammatory drugs
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mapping to biomarkers and related medical conditions were more
often reported by HCPs (Table 1). The stakeholder also reported joint
pain and stiffness, inflammation in blood or joint fluid and related
medical conditions.

Life impact
Identified outcome domains that mapped to the life impact cate-

gory were overall function (d = 35), emotional and psychological
wellbeing (d = 11), quality of sleep (d = 6) and financial wellbeing
(d = 5). More specific outcome domains that related to the overall
function domain were identified. Common domains were ability to
complete daily tasks (d = 25); ability to do usual hobbies, leisure,
exercise, and social activities (d = 21); and ability to work (d = 14). All
participants, except one patient, reported one or more of these life
impacts. Other outcome domains identified within life impact were
response to treatment (d = 11) and satisfaction with treatment
(d = 9). These were more commonly reported by HCPs (Table 1).

Longevity
No outcome domains were identified from the interviews relating

to survival or mortality.

Societal or resource use
Outcome domains were categorised into healthcare utilisation

and costs. Common domains identified in the healthcare utilisation
category were the use of analgesics (d = 26), corticosteroids (d = 18),
colchicine (d = 16), non-steroidal anti-inflammatory drugs (NSAID)
(d = 13) and the need for joint surgery (d = 10). Analgesic use was
more often reported as a potential outcome domain by patients while
HCPs more commonly reported time to diagnosis and the need for
joint surgery (Table 1). The other stakeholder reported NSAID and
corticosteroid use, and the need for joint surgery as relevant outcome
domains. Under costs, direct and indirect costs were identified as rel-
evant by one patient.

There were broad similarities in the pattern of outcome domains
identified across the three main phenotypes of CPPD, with joint pain,
overall function and analgesic use as the most commonly identified
domains in manifestations, life impact and societal or resource use
areas (Tables S1-S3). However, as expected patients with acute CPP
crystal arthritis more often reported CPPD flares than those with
chronic CPP crystal arthritis or CPPD + OA.

Discussion

This is the first study to report on the potential outcome domains
for CPPD encompassing perspectives of patients, caregivers, HCPs
and other stakeholders. The most commonly reported outcome
domains by patients and their caregivers, HCPs and the other stake-
holder were joint pain, swelling, movement and stiffness, CPPD flares,
joint calcification, inflammation in blood or synovial fluid, function
and medication use. Pain and overall function were the most often
reported outcome domains, each reported by all bar one of the partic-
ipants. Similar outcome domains were identified by people with dif-
ferent CPPD phenotypes.

While the outcome domains were broadly comparable across the
patient and caregiver, and HCP and other stakeholder interviews,
there were some differences in opinion between them. For instance,
people with CPPD more commonly identified joint swelling, stiffness,
range of movement and the use of analgesic medicines or polyphar-
macy as important outcome domains while HCPs more commonly
identified calcification, joint damage and levels of inflammation as
well as treatments such as corticosteroids. This difference relates to
the fact that people with CPPD reflect on their day-to-day experience
of living with CPPD while HCPs build on their experience of managing
CPPD. Similar differences in outcome domains identified by patients
and HCPs have been observed for other diseases [11].
CPPD flares were more often identified as an outcome domain by
patients with acute CPP crystal arthritis than people with other clinical
presentation of CPPD. However, other outcome domains were reported
by comparable proportions of people with different clinical manifesta-
tions of CPPD. The lack of any other discernible difference in the out-
come domains reported by patients with different CPPD phenotypes
can be explained by the fact that the majority of patients were classi-
fied into more than one group based on their disease manifestations.
We could recruit only five patients with isolated acute CPP crystal
arthritis as the sole manifestation of CPPD. This is not surprising as
most people with flares of acute CPP crystal arthritis also have OA.
However, in addition to differences in CPPD flares as an outcome
domain across different clinical presentations of CPPD, manifestations
and biomarkers of both acute and chronic arthritis were identified as
potential outcome domains in this study suggesting that different core
domain sets may need to be drawn up for acute (e.g. acute CPP crystal
arthritis) and chronic manifestations (e.g. chronic CPP crystal inflamma-
tory arthritis or CPPD + OA) of CPPD. Such a strategy has been adopted
in RA, with different outcome domains for RA and RA flare [12,13].

The potential outcome domains identified in our study are
broadly similar to the outcome domains endorsed by OMERACT for
other conditions such as gout, RA and OA [12�16]. Of interest, neither
the patients nor the HCPs identified patient or physician global
assessment as outcome domains in our study. Flares of disease were
identified as an outcome domain. However, this is likely to be a com-
posite domain and further research is needed to identify the outcome
domains for CPPD flares. Such a study may examine in more detail
the experience of participants when they are experiencing a flare of
acute CPP crystal inflammatory arthritis. Given the older age of our
sample, and the association between OA and CPPD, OA was com-
monly reported as a comorbidity of CPPD.

Our recently published scoping review to identify outcome domains
used in previous studies on CPPD included 112 published articles [8].
The most commonly reported outcome domains were imaging manifes-
tations of joint damage (59 studies) and joint calcification (28 studies),
followed by joint pain (26 studies) and response to treatment (23 stud-
ies). The findings of our current study suggest that imaging manifesta-
tions and response to treatment are less important for people with
CPPD, who more often identify joint pain, swelling, stiffness and move-
ment, and CPPD flares. Joint pain was identified as an outcome domain
in just under a quarter of previous CPPD articles, while joint swelling,
stiffness and movement, and CPPD flares were outcomes in 5�10% of
these articles. That many participants report joint symptoms demon-
strates the need to include such outcome domains in a core domain set
for CPPD. In addition, domains relating to life impact and healthcare uti-
lisation have also been reported less often in previous studies, whereas
many participants reported outcomes within these core areas, highlight-
ing too their importance in a future CPPD Core Domain Set. We also
identified domains relating more specifically to the nature of CPPD’s
impact, such as on patients’ ability to carry out usual daily activities,
exercise, socialise or work, as well as other life impacts such as emo-
tional wellbeing. Given the limited data available so far on the impact of
this disease on function, quality of life, participation and productivity [8],
the findings of this study further highlight the need for future studies
exploring the impact of CPPD on patients’ lives. Similar to other studies
seeking to define outcome domains for rheumatic disorders [12], solicit-
ing patient perspectives identified domains that are important to mea-
sure in CPPD trials but have not previously been considered.

Although no outcome domains were identified from the inter-
views relating to the core area of longevity, and the scoping review
only identified two studies with outcomes mapped to survival and
none for mortality [8], as the latter is a mandatory domain for OMER-
ACT [10] it will be added to the core set automatically.

Strengths of this study include the inclusion of patients that rep-
resent the entire spectrum of CPPD clinical presentations and from
multiple countries across Europe, North America and Australasia.



654 A. Fuller et al. / Seminars in Arthritis and Rheumatism 51 (2021) 650�654
This increases the generalisability of our findings. Patients with the
disease, caregivers, HCPs and other stakeholders who advocate on
their behalf provide unique insights about the symptoms and impact
of a disease, and the priorities and concerns that need to be
addressed. Including them in the process of identifying outcome
domains ensures that the final core outcome domain set is relevant
and meaningful. Limitations of the study include absence of people
with isolated chronic CPP crystal inflammatory arthritis, and that
only one stakeholder took part. Despite its high prevalence, CPPD is
not currently on the research and development agenda for most
pharmaceutical companies, nor the advocacy agenda for the national
arthritis organisations. Consequently, we were unable to solicit inter-
est in this study from a number of pharmaceutical stakeholders and
arthritis-focused organisations including non-profit groups and gov-
ernmental agencies. Finally, as the aim of this study was to simply
identify potential outcome domains, it is not possible from the find-
ings to derive any statistical inferences to compare differences in
reported outcomes between participant groups, or rank their relative
importance, but they provide an indication of outcome domains to be
considered as the OMERACT CPPD Core Domain Set is developed.

In conclusion, a number of potential outcome domains related to
CPPD were identified, the most often reported were domains relating
to articular manifestations, function and analgesic use. These findings
will be used to inform the development of the OMERACT Core
Domain Set for CPPD.
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