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Introduction

Osteoarthritis (OA) is a multifactorial joint disease affecting all the tissues of the joint, and
is characterized by cartilage breakdown, the formation of bony outgrowths at the joint
margin (osteophytes), subchondral bone sclerosis, alterations to ligaments and muscles,
and inflammation of the synovial membrane (figure 1).*> OA causes pain and functional
impairments, and reduced quality of life.**¢ During physical examination a decreased range of
motion, bony enlargements and deformities of the joint can be observed. OA can be classified
according to different sets of classification criteria, focusing on either clinical or radiographic
characteristics of OA, or on both. The most commonly used clinical classification criteria used
are listed in Table 1.5 Radiographic examination reveals structural abnormalities of the joint
as osteophytes, joint space narrowing and sclerosis of subchondral bone’” However, only a
weak association between symptomatic and radiographic OA has been established®® which
supports the need to focus on symptomatic outcomes.

Figure 1. Schematic drawing of an osteoarthritic joint.

Reproduced from Osteoarthritis: an update with relevance for clinical practice, W) Bijlsma, F Berenbaum, FPJG Lafeber,
Lancet 2011; 377: 2115-26, with permission from Elsevier Ltd.

The different tissues involved in clinical and structural changes of the disease are shown on the left. Note that cartilage is the
only tissue not innervated. On the right the bidirectional interplay between cartilage, bone, and synovial tissue involved in
osteoarthritis is shown, and the two-way interaction between this interplay and the ligaments and muscles.
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Table 1. American College of Rheumatology classification criteria for clinical knee and hip osteoarthritis.

Knee OA Hip OA

Knee pain for most days of previous month and Hip pain for most days of previous month and
> 3 of the 6 following:

Age > 50 years Internal rotation of the hip < 15° and

Morning stiffness < 30 minutes Erythrocyte sedimentation rate < 45 mm/hour

Crepitus on active joint motion Or

Bony tenderness Hip pain for most days of previous month and
Bony enlargement Internal rotation of the hip 2 15° and

No palpable warmth Painful internal rotation of the hip and

Morning stiffness < 60 minutes and

Age > 50 years

The relevance of osteoarthritis

OAis a serious health problem. OA is one of the leading causes of pain and disability, because
the symptoms can be quite severe. In addition, it is the most prevalent chronic joint disease,
with knee and hip being frequently involved joints**® The incidence and prevalence of
symptomatic knee and hip OA have been rising substantially over the past several decades,
mainly concurrent with an ageing population and the growing obesity epidemic.?>**1213 The
prevalence of OA varies and depends in particular on the definition used, the joint of interest,
and the population measured. In the Netherlands in 2016, reported point prevalence rates
in the general population were about 572.000 for knee OA and 397.000 for hip OA, with rates
for women being almost twice as high as those for men.*# In the USA, an estimated 10% of
men and 13-18% of women above the age of 60 develop symptoms of knee OA.**35 The health
future exploration 2018 for the Netherlands, shows that OA is the fastest growing disease with
anincrease from 1.2 million patients in 2015 to 2.2 million in 2040.%¢

OA has become the fastest growing cause of disability worldwide.*> The pain and loss of
function can be debilitating; in developed countries the resultant socioeconomic burden is
large, costing between 1.0% and 2.5% of gross domestic product.®® In the Netherlands, OA
is the fourth cause in the elderly for loss of healthy life years.® Subsequently, OA will have a
growing impact on health care (capacity) and future economic costs.** Considering the high
clinical burden, the high and rising prevalence, and the increasing economic impact, thereisa
clearneed toimprove the management of OA. Management of OA could be improved by taking
into consideration the following points: the measurement instruments of OA symptoms,
identification of risk factors and optimizing treatment modalities.

Measuring symptoms of osteoarthritis

Measuring symptoms is of great importance for the management of OA. The Osteoarthritis
Research Society International (OARSI) has recommended to use the three core clinical
outcome domains: pain, physical function, and patient global assessment for assessing
symptomatic outcomes.* Changes in these clinical outcome domains can be evaluated from
the perspective of the patient by means of so-called patient reported outcome measures
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(PROMs). PROMs allow patients to report how they feel, function and how their quality of
life is impacted, without interpretation from healthcare professional or others.2>*2 Several
measurement instruments are available to measure these PROMs. Importantly, these
measurement instruments need to be methodologically sound. This means they need to be
based on good quality criteria (i.e. clinimetric properties) which includes: content validity,
criterion validity, construct validity, reliability, internal consistency, responsiveness, and
interpretability.2?+ Before its use in research and clinical practice, PROMs should have
undergone rigorous testing and proven to be valid, reliable and responsive to change (i.e. be
able to detect changes over time).

However, improvement of PROM scores does not necessarily translate into treatment success
as perceived by the patient. In clinical research, it is considered to be of great importance
to incorporate the patient’s interpretation of outcomes in establishing the relevance of
findings.® In fact, the interpretation of outcomes of clinical trials and the translation of
data into daily practice can be conceptualized in two ways: 1) relevant amount of change
(improvement of worsening), and 2) reaching an acceptable symptom state. With the first
concept, emphasis is on whether or not an individual has changed or improved enough
after an intervention to speak of a meaningful change or improvement (minimum clinically
important change).” Whereas with the second, emphasis is on whether or not the achieved
outcomeisacceptable from the patient’s perspective, often expressed as reaching an absolute
value.>?® This value beyond which patients consider themselves well or consider their health
state to be acceptableis called the patient acceptable symptom state (PASS).2*¥ In conclusion,
it isimportant to take into account the patient’s perspective of valid, reliable, and responsive
important clinical outcome measures, by evaluating changes or assessing if an acceptable
symptom state is reached.

Identifying subgroups

An unmet need for improving the management of OA is identifying risk factors for clinical
progression. The natural course of pain and physical function in OA is highly variable and
heterogeneous. Most patients appear to remain stable, while others will worsen and some
even improve.?8223°3t However, the individual course of OA is difficult to predict, because the
underlying mechanisms and risk factors for clinical worsening are still largely unknown.®
It is generally accepted that identification of risk factors for clinical worsening is important
for both patients and clinicians, because these could be used to inform them about the
prognosis.?>33435 Additionally, it is considered important that this identification will enable
to improve and target treatments to specific subgroups of patients32333435 Recently two
systematic reviews concluded that drawing conclusions on prognostic factors for clinical
worsening of OA is hampered by the lack of an unambiguous and validated definition of
clinical worsening in OA3+3 Therefore, little research data is available about the course and
determinants associated with clinical deterioration of knee and hip OA 323435

Identification of risk factors could also contribute to the identification of OA phenotypes i.e.
distinguishingwell-defined subgroups.Inrecentyearsithasbeendebated thiswould allowthe
identification of more efficient treatments for example for applying more advanced treatment
options to specific subgroups of patients.33334353¢ Knee OA is regarded as a heterogeneous
disease with multiple etiologies. Because of this heterogeneity, it is considered very likely
that there are different forms of OA3¢ This is probably also the reason why the treatment
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principle one size fits all is not applicable for OA. Researchers are increasingly suggesting that
the identification of phenotypes or subgroups could help us to better understand the driving
factors in the development and progression of OA3%338 |dentifying different phenotypes of
OA is currently a subject of much research. However, a recent systematic review concluded
that no generally evidence based classification system for OA phenotypes exists.3? The authors
proposed several phenotypes: chronic pain-associated OA (in which central mechanisms are
prominent); inflammation-associated OA; metabolic syndrome-associated OA; OA associated
with joint-localized bone and cartilage metabolism; mechanical load-associated OA; and
OA with minimal disease and a low rate of progression.® As recently described by Biersma-
Zeinstra and van Middelkoop, the challenge is first and foremost to agree on phenotypes that
are relevant for diagnosis, prognosis and therapy before this concept of phenotypes can be
applied.¥ Thereafter, the most discriminating factors that are easy to use and test in clinical
practice could be identified for these phenotypes.

Treatment

Of course, improving treatment options for OA would be a of great value. Since no disease-
modifying treatment exists for OA, current OA treatment focuses primarily on the reduction
of symptoms as pain and loss of function.*+° Treatments can be categorized into non-surgical
and surgical treatments. Several international consensus-based clinical guidelines for the
management of knee and hip OA are available, emphasizing the importance and efficacy
of non-surgical treatment modalities, which include exercise, analgesic use,* life style
education and advice concerning physical activities focusing on improved muscle strength
and aerobic capacity*>#* and advice on weight loss in patients who are overweight 144454
However, in general, limited effect sizes for the non-surgical treatments and therapies of OA
have been shown.*

When non-surgical treatments do not result in satisfactory reduction in symptoms, surgical
options are often considered. These include corrective osteotomy, joint replacement, and
joint distraction.##® In general, total joint replacement and osteotomy are considered to be
effective treatments in improving pain and function for symptomatic end-stage disease.5°
Total knee replacement is less effective in increasing functioning compared to total hip
replacement.# However, functional outcomes can be poor and the lifespan of prostheses is
not unlimited.®*#4° A systematic review of 17 prospective studies reported that about 20%
of patients kept long-term pain after total knee replacement, and that approximately 9% of
patients sustained long-term pain after total hip replacement.s* There are several potential
drawbacks of total knee replacement: the relatively high proportion (10-34 %) of patients being
dissatisfied after a knee replacement, the higher risks of complications, the limited lifespan
of a prosthesis and poorer patient outcomes after revision arthroplasty.525354555657 Therefore,
it is generally acknowledged that knee replacement should not be performed too early in
the disease course.*s* Furthermore, in approximately 5% of the patients, surgery cannot be
performed due to comorbidities or the patients is not willing to have total joint replacement.s®
Finally, studies regarding joint distraction are promising, but have small sample sizes and
short follow-ups.s Therefore, more than for hip OA, there is a clear need for more effective
non-surgical knee OA treatment options.

Low-dose radiation therapy (LDRT) may be a new non-surgical treatment option for OA
patients in whom non-surgical interventions are insufficiently effective and for whom
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surgical treatments are not (yet) an option. In OA, low grade synovial inflammation is known
to play a role. Previous in vitro and in vivo studies of OA in animal models have shown that
LDRT exerts anti-inflammatory effects.®® LDRT is widely used for benign disorders such as knee
OAin Germany and Eastern European countries, although the evidence for its effect in clinical
practice remains poor.t*¢2 Thus, there is a need to improve knowledge about the effectiveness
of LDRT as a treatment option for OA.

Aim and outline of this thesis

At the start of the clinical studies performed in the context of this thesis, there was a need to
contribute to appropriate outcome measures, identification of risk factors, and evidence of
additional non-surgical treatment options for established knee and hip OA. This thesis focuses
on clinical outcomes of OA, since these are most important for clinical decision-making. This
thesis mainly includes patients with established knee or hip OA and the vast majority were not
yet deemed eligible for total joint replacement by their orthopaedic surgeon.

Aims of this thesis are

1. To contribute to the identification of appropriate clinical outcome measuresin knee and hip
OAthat could be applied in future OAresearch (chapters 2 and 3).

2. To contribute to the identification of risk factors for clinical knee and hip OA that could be
applied in OA health care and research, in order to enhance identifying subgroups (chapters
4,5and 6).

3. To contribute to the knowledge about the effectiveness of low-dose radiation therapy as
treatment for knee OA (chapters 7 and 8).

In chapter 2 we assess the responsiveness (i.e. the ability to detect changes over time) of
physical function of four PROMs in patients with knee OA by testing a priori defined hypotheses
about expected correlations using the Consensus-based Standards for the selection of health
status Measurements Instruments (COSMIN) methodology.

To incorporate the patients’ perception in the interpretation of different PROMs assessing
physical function, we estimated the patient acceptable symptom state (PASS) values in knee
OA patientsin chapter3.

In chapter 4, we describe the development and validation of preliminary criteria for clinical
worsening in knee and hip OA using a literature, expert opinion and data driven approach.
Candidate worsening criteria were first tested in a derivation cohort, and finally examined in
a validation cohort. These validated clinical worsening criteria are used in chapter 5in order
to evaluate whether failure of optimal standardized non-surgical treatment is a risk factor for
worsening over time.

In chapter 6, we describe the results of a cross-sectional study to determine whether the
S100A8/A9 (also called calprotectin) serum levels are associated with clinical and structural
characteristics in patients with established OA.

In chapter 7 the results of a systematic literature review on the effectiveness of low dose
radiation therapy on pain and functioning in patients with OA are described. In chapter 8, the
results of a randomized, double-blinded, sham-controlled trial to evaluate the effectiveness
of low-dose radiation therapy on symptoms in patients with knee OA are presented.

Finally, chapter 9 summarizes the results of this thesis and discusses the main findings of
this thesis. Furthermore, implications for clinical practice, gained insights and directions for
future research are provided. Asummary of this thesis in Dutch is provided in chapter 10.
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The aim of this study was to evaluate the responsiveness of four patient-reported outcome
measures (PROMs) to measure change in physical function simultaneously in patients with
knee osteoarthritis (OA) following currently recommended COSMIN (COnsensus-based
Standards for the selection of health status Measurement INstruments) standards.

Patients with knee OA receiving conservative treatment following a stepped care approach
were invited to complete a set of questionnaires at baseline and 3 months. Questionnaires
included four widely used measures of physical function: the Knee Injury and Osteoarthritis
Outcome Score Physical Function Short Form (KOOS-PS), the Lequesne algofunctional index
(LAI), the Lower Extremity Functional Scale (LEFS), and the Western Ontario and McMaster
Universities Osteoarthritis Index Physical Function subscale (WOMAC-PF). Responsiveness of
physical function was investigated according to the COSMIN standard by testing 15 a priori
defined hypotheses. Responsiveness was considered positive if > 75% of the hypotheses could
be confirmed.

Atotal of 161 patients participated (61% female, mean(SD) age 59(9) years and body mass index
29.7(5.0) kg/m?>. Baseline values of the four PROMs were, mean(SD): KOOS-PS 53.6 (16.8), LAI
11.0 (4.0), LEFS 40.6 (14.1), and WOMAC-PF 51.8 (19.4). We could confirm 12 out of 15 predefined
hypotheses (80%) about expected correlations for the WOMAC-PF whereas for the KOOS-PS,
LAl, and LEFS < 75% hypotheses could be confirmed (73, 67, and 73% respectively).

Our results suggest that the WOMAC-PF is able to detect changes over time in physical
function and therefore should be the measure of first choice in clinical trials evaluating the
effectiveness of an intervention on physical function in knee OA patients.
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Introduction

Knee osteoarthritis (OA) is a common chronic disorder affecting all tissues of the knee joint
and causing mainly pain and reduced physical function.*3 Physical function is therefore
one of the core outcome dimensions in clinical practice and research in knee OA.4 As
no curative treatment is currently available for knee OA? treatment is usually aimed at
improving symptoms (function, pain, stiffness) using a variety of pharmacological and non-
pharmacological interventions including surgery.* The effectiveness of such interventions is
frequently evaluated by clinicians in daily practice and researchers in clinical trials using core
outcome measures that address the domains of pain and function as advocated.>¢ Therefore
the ability of a measurement instrument to detect changes over time (i.e. the responsiveness)
regarding physical function, is of particularimportance when selecting an instrument.”

Several patient-reported outcome measures (PROMs), either disease-specific or specific for
musculoskeletal conditions affecting lower extremity function, are available for evaluating
physical function in patients with knee OA. Among those, the Lequesne algofunctional index
(LAI) and the physical function subscale of the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC-PF) are recommended as measures of first choice in OA trials.*>*
However, in two systematic reviews on measurement properties, it was concluded that the
responsiveness of those measures was questionable as none of the included studies presented
hypotheses relating to the magnitude of the change.***> However, a new disease-specific
measure and a measure specific for musculoskeletal conditions affecting lower extremity
function have been developed to evaluate physical function in patients with knee OA: the
short version of the Knee Injury and Osteoarthritis Outcome Score (KOOS-PS)3 and the Lower
Extremity Functional Scale (LEFS), respectively.* The selection of a measurement instrument
is dependent on the measurement properties regarding reliability, validity, responsiveness,
and interpretability.® Although the reliability and validity of these PROMs have been studied
previously*?, so far no studies have examined the responsiveness of these latter instruments
head-to-head in a single study.

Alarge number of definitions and methods have been proposed for assessing responsiveness,
but the optimal method for evaluating responsiveness is still under debate.? There is growing
consensus that responsiveness should be considered as a measure of longitudinal construct
validity because responsiveness refers to measuring changes in the construct to be measured.
Hence, responsiveness should, analogous to construct validity, preferably be evaluated by
testing predefined hypotheses about expected correlations between changes in related
measurements (convergent) or unrelated measures (discriminant) or expected between-
group differences in changes (discriminative).>** With this approach, the validity of the change
scores can be assessed in contrast to the magnitude of the change scores as assessed by
traditionally accepted methods such as the effect size (ES) or the standardized response mean
(SRM).2The latter methods are known to have some disadvantages: (i) the effect is dependent
on the patient group in which the measure is being calculated, (ii) the ES and the SRM are
based on statistical considerations rather than on patients’ judgement of what constitutes
animportant change and are also influenced by the sample size, and (iii) the ES is known to be
related to the treatment effect rather than the quality of a measurement instrument.®




24

Chapter2

To our knowledge, no studies have evaluated the responsiveness of PROMs assessing
physical function by postulating a priori hypotheses using the COnsensus-based Standards
for the selection of health status Measurement INstruments (COSMIN) methodology in
patients with knee OA head-to-head.® In the current study we assessed the responsiveness
of physical function of the four PROMs KOOS-PS, LAI, LEFS, and WOMAC-PF in patients with
knee OA by testing predefined hypotheses about expected correlations between changes in
measurements or expected differences in changes.

Participants and intervention

Recruitment to the study took place between July 2012 and January 2014 and consecutive
patients, referred by orthopaedicsurgeons,attendingourspecialty kneeand hiprheumatology
OA outpatient clinic were invited for this observational study. All patients fulfilled the
American College of Rheumatology (ACR) clinical OA criteria (knee pain (> 15 days of last
month) plus at least three of the following: age » 50 years, morning stiffness < 30 minutes,
crepitus, bony tenderness, bony enlargement, or no palpable warmth) and were invited the
day after their first outpatient visit to our department.?>» The exclusion criterion was: short-
term indication (within 3 months) for knee replacement surgery. The local Medical Research
Ethics Committee, region Arnhem-Nijmegen (The Netherlands) approved the study design
(study number 2012/375). All patients gave their written informed consent to participate in
the study.

Stepped care approach

Several international consensus-based clinical guidelines for the management of knee OA are
available, emphasizing the importance and efficacy on non-surgical treatment modalities.
Therefore, we selected patients who all received multimodal conservative treatment based
on a published Dutch multidisciplinary stepped care approach for diagnosis and treatment
of knee and hip OA.># At the rheumatology outpatient department, during a 9o min group
visit (4-6 patients) led by a physician assistant and a specialized nurse and supervised by a
rheumatologist (as described elsewhere®), patients received education, referral for physical
therapy (prescription for both aerobic and strengthening exercises according to the graded
activity principle, no instruction about group classes or individual instruction), step-up
analgesics guided by a patient’s pain level (change of policy regarding pain medication was
considered in case of pain > 4 on a Numeric Rating Scale (NRS)), lifestyle advice concerning
physical activity and advice on weight loss in patients with a BMI 228 kg/m?>. In this group
visit, most components of the individual visits were retained such as private one-to-one
conversations,whilecreatingmoretimeforpatienteducationanddiscussion.?Ifaprescription
for analgesics was considered necessary, we started with paracetamol (acetaminophen) at a
fixed dose of 1000 mg three times a day. In case of lack of efficacy or recent consistent use
of paracetamol, a non-steroidal anti-inflammatory drug (NSAID) was added. After 4 weeks,
patients were contacted by telephone and if necessary the analgesics were switched.

Data acquisition
At baseline and at 3 months, patients completed a standardized set of questionnaires
including sociodemographic information (age, sex, duration and localization of symptoms).
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The set of postal questionnaires included four PROMs to measure physical function. Other
outcome measures included in the set of questionnaires were derived from hypotheses that
were a priori postulated by an expert group (see section on responsiveness). To prevent a
learning effect as much as possible, we balanced the order of the questionnaires by varying
questionnaires measuring physical function with questionnaires measuring other constructs.
A reminder was sent to those patients who did not respond within 3 weeks. Patients were
included in the analysis of the current study if they completed both the baseline and follow-
up measurements.

PROMs

KOOS-PS. The seven-item short measure of physical function (KOOS-PS) is derived from the
subscale “activities of daily living” (four items) and “sport and recreation” (three items) of the
KOO0S.14 With every item, patients rate the degree of difficulty they have experienced over the
previous week due to their knee pain on a five-point Likert scale (0-4). Raw scores can range
from o to 28 and in this study were converted to normalized scores ranging from o to100, with
a score of o indicating no difficulty. The KOOS-PS has been shown to be valid and reliable in
knee OA.3157

LAl The LAl is an 11-item questionnaire measuring the degree of functional disability, with
four questions pertaining to activities of daily living.27 The total score can range from o to 24
points. The degree of functional disability corresponds with the following scores: a score 2 14
points indicates extremely severe disability, a score of 11-13 very severe disability, a score of
8-10 severe disability, a score of 5-7 moderate disability, and a score of 1-4 minimal disability.
The LAl has demonstrated good reliability, whereas its validity has been questioned because
of its different impacts in different interventions.*®

LEFS. The LEFS is a 20-item condition-specific questionnaire designed for use in patients with
musculoskeletal conditions affecting lower extremity function, including knee OA.?® The
instrumentasks patientsabouttheirability to perform general activities of daily living, general
recreational activities, specific daily physical tasks, and specific recreational or occupational
related tasks on the day of completing the questionnaire(o-4). The total score ranges from o
to 80 points, with higher scores representing higher levels of functioning. Although the LEFS
is not designed as a disease-specific questionnaire, it measures the same construct physical
function and the Dutch LEFS questionnaire has been validated and shown to be reliable in
knee OA patients.*%

WOMAC-PF. The KOOS (www.koos.nu) includes the WOMAC OA index in its complete and
original format (with permission). We used the 17-item subscale Activities of Daily Living (Likert
scale version) from the KOOS to calculate the WOMAC physical function (WOMAC-PF) score
(and thus four items are overlapping with the KOOS-PS). Standardized scores ranging from o
to100 were used, where higher scores reflect better health status. The WOMAC has been the
most extensively studied instrument in individuals with knee OA and has been shown to be
valid and reliable.?

Patient’s assessment of change. In the follow-up questionnaire, patients were asked to rate
the extent to which their daily function and pain had been changed since the start of the
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treatmenton a seven-point Likert scale; thatis, very much worsened, much worsened, slightly
worsened, no change, slightly improved, much improved and very much improved.

Other PROMs. In addition to the above-mentioned PROMs, patients were asked to rate their
functioning and painin the preceding week on a 0-10-point Numeric Rating Scale (NRS) where
oequalsnosymptoms. The patient’s global assessment (PGA) of knee OAimpact during the last
week before visit was also assessed on this 0-10 point NRS scale. Moreover, physical function
and mental health were measured with corresponding subscales of the 36-item Short Form
Health Survey (SF-36), a widely used generic health status questionnaire comprising eight
areas of health status, with higher scores indicating better health (range 0-100).293° Fatigue
was measured with the eight-item “Subjective Fatigue” subscale of the Checklist Individual
Strength (CIS).3 The total score can range from 8 to 56 points, with scores of 2 35 representing
severe fatigue. Self-efficacy was assessed with the Dutch General Self-efficacy Scale (DGSS)
and higherscores, ranging from 10 to 40, reflect higher self-efficacy.32 Pain coping was assessed
with the Pain Coping Inventory List (PCI)®, which is a 33-item questionnaire that measures
active and passive pain-coping strategies on a four-point Likert scale ranging from ‘hardly
ever’ to ‘very often’ Higher scores on the subscales active or passive coping indicate more use
of an active or passive coping style. The Hospital Anxiety and Depression Scale (HADS) was
used to assess anxiety and depression.3+3¢ Both subscales consist of seven items with possible
scores ranging from o to 21 for each subscale. Higher scores indicate higher levels of disorder.

Responsiveness

The COnsensus-based Standards for the selection of health status Measurement INstruments
(COSMIN) and the quality criteria for measurement properties as proposed by Terwee and
coworkers were followed for the assessment of responsiveness.®® We defined responsiveness
asthe ability of an instrument to detect changes over time in the construct to be measured.®*
As we considered responsiveness as a measure of longitudinal validity and because of the lack
of a gold standard, the basic approach we used to assess responsiveness was to postulate and
test predefined specific hypotheses formulated by an expert group in analogy to construct
validity.® These a priori defined hypotheses addressed expected correlations between changes
inscores onthe KOOS-PS, LAI, LEFS,and WOMAC-PF and changesin scoreson otherclinical (un)
related measures (pain, mental health, fatigue, self-efficacy, coping, anxiety, and depression)
or expected differences in correlation in changes between groups. In this way, responsiveness
is independent of the magnitude of a change but measures changes in the concept being
measured. However, in responsiveness studies, lower correlation coefficients are often found
compared to those in construct validity studies, which can be explained by the fact that in
the former, a correlation coefficient is obtained between change scores of two measurement
instruments.” We installed an expert group consisting of researchers, epidemiologists, and
physical therapists with published studies on OA and well versed with the current literature
providing PROMs and a rheumatologist with clinical and research experience in the field
of knee OA. Members of the expert group independently formulated hypotheses that
were discussed in a group meeting until consensus was reached. In these hypotheses, the
magnitude and direction of the correlation coefficients had to be clearly defined. In addition,
the correlations had to address between-group changes in physical function and changes in
scores on related measures (convergent), unrelated measures (discriminant) or differences
between groups (discriminative).38 In addition, we added one hypothesis on the size of the
area under of the receiver operating characteristic (ROC) curve (AUC), measuring the ability of
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aquestionnaire to distinguish between patients who have and have not changed, according to
an external anchor.? We calculated the ROC curve for the improved patients using the change
in physical function scores ofthe PROMs and the patients’rating of change in physical function
assessed by the transition question. Because a gold standard for change of physical function is
lacking, we used a global rating scale as the gold standard for measuring change as currently
recommended.”” The rating of change was dichotomized to identify patients who were (very)
much improved in physical function and remained stable (slightly improved, not changed,
slightly worse). A correlation of -0.3 < r £ 0.3 was considered weak whereas a correlation of r
> 0.3 0rr< -0.3 was considered moderate. An AUC of at least 0.70 was considered adequate.*®
Responsiveness was considered positive if >75% of the hypotheses were confirmed.®

Statistical analysis

The distributions of the study variables were inspected. Descriptive statistics are provided as
mean and standard deviation (SD) or median and interquartile range (IQR) where appropriate,
for continuous variables and numbers with percentages for categorical variables. Descriptive
statistics were used to describe the study population. Paired t-tests were used to compare
baseline with 3-month values. First, the scale scores of the KOOS-PS, LAI, LEFS, and WOMAC-
PF were assessed for normality and missing data. We assessed floor and ceiling effects for
each questionnaire at baseline; these were considered present if >15% of the patients scored
the best or the worst possible score, respectively. Where appropriate, Pearson or Spearman
rank correlation coefficients were computed to test the hypotheses. Evaluation of the
hypotheses regarding differences in strength between different constructs was performed
if the correlation coefficients were significantly different from each other by the Meng et al
test. Assessment of the hypotheses regarding differences between groups (discriminative)
was carried out by testing ROC curves which were estimated for the change in KOOS-PS, LA,
LEFS, and WOMAC-PF to distinguish between patients who indicated they were very much
and much improved and those who indicated they were stable in physical function after 3
months (slightly worse, no change, slightly improved). All analyses were performed using
STATA version 13.1.
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Results

Table 1. Sociodemographic and disease-related characteristics of the 161 patients with knee OA.

Sociodemographic characteristics
Female, n (%)
Age, years
Body Mass Index (BMI), kg/m2
Localization of symptoms, n (%):
Left knee
Right knee
Both sides

Duration of complaints > 5 years, n (%)

PROM: s regarding physical function
KOOS-PS (range 0-100)

LAl (range 0-24)

LEFS (range 0-80)

WOMAC-PF (range 0-100)

Other PROMs
NRS function (range 0-10)
NRS pain (range 0-10)
NRS PCA (range 0-10)
Physical function (SF-36) (range 0-100)
Mental health (SF-36) (range 0-100)
Fatigue (CIS) (range 8-56)
Self-efficacy (DGSS) (range 0-100)
Active coping (PCl) (range 0-4)
Passive coping (PCl) (range 0-4)
Anxiety (HADS) (range 0-21)
Depression (HADS) (range 0-21)
Changes in daily function rated on the transition question, n (%)
Very much improved
Much improved
Slightly improved
No change
Slightly worsened
Much worsened

Very much worsened

99 (61)
59(9)
29.7(5.0)

39 (24))
56 (35)
66 (41)
59 (37)

53.6 (16.8)
11.0 (4.0)

40.6 (14.1)
51.8(19.4)

5.5(2.4)
5.6 (2.1)
5.6 (2.6)
31.8(9.1)
39.8(47)
34.4 (11.8)
32.3(5.0)
23(0.5)
2.0(0.4)
6.0 (4.4)
5.8(3.8)

4(2.5)
13(8.1)
28 (17.5)
59(36.9)
42(26.3)
13(8.1)
1(0.6)

Changes in pain rated on the transition question, n (%)

Very much improved 4(2.5)

Much improved 21(13.1)
Slightly improved 27(16.9)
No change 44 (27.5)
Slightly worsened 44 (27.5)
Much worsened 17 (10.6)
Very much worsened 3(1.9)
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OA: osteoarthritis; BMI: body mass index; PROMs: patient reported outcome measures; KOOS-PS: Knee Injury and
Osteoarthritis Outcome Physical Function Short Form; LAI: Lequesne algofunctional index; LEFS: Lower Extremity Functional
Scale; WOMAC-PF: Western Ontario and McMaster Universities Osteoarthritis Index Physical Function subscale; NRS:
Numeric Rating Scale; PGA: Patient Global Assessment; SF-36: Short Form 36 Health Survey; CIS: Checklist Individual Strength;
DGSS: Dutch General Self Efficacy; PCI: Pain Coping Inventory; HADS: Hospital Anxiety and Depression Scale.

Higher scores indicate worse physical function for the KOOS-PS and LAl and higher scores indicate better physical function
for the LEFS and WOMAC-PF.

Higher scores indicate worse NRS function and more NRS pain, worse PGA, better physical function SF-36, better mental
health SF-36, more fatigue, higher self-efficacy, more frequent use of coping strategies, more pronounced levels of anxiety
and depression.

Data are shown as mean (SD) unless indicated otherwise.

Patient characteristics

In total, we invited 272 patients to participate in the current study, of whom 185 (68%)
completed the baseline measurements. Of these patients, 161 (87%) completed the follow-up
measurements and were included in the current analysis. No differences were found between
the participants and non-participants with regard to sex, whereas the group of participants
were significantly older than the non-participants (59 years vs. 56 years, p = 0.02). The majority
of the cohort consisted of women (61%), with a mean age of 59 years (sd = 9.3) and a mean
BMI of 29.7 kg/m? (sd = 5.0). The demographic and disease-related characteristics at baseline
are presented in Table 1. Scores on the KOOS-PS, LAI, LEFS, and WOMAC-PF were normally
distributed at both baseline and follow-up. At the scale level of these instruments, there were
< 5% missing values at both time points. Ceiling or floor effects were not present regarding the
measures of KOOS-PS, LAI, LEFS, and WOMAC-PF.

The 3-month follow-up

For the whole group of patients, the majority of the PROMs remained stable after 3 months
butsignificantimprovements were observed in physical function measured with the KOOS-PS
(p=0.03) and for fatigue, assessed by the CIS (p=0.03). The majority of patients (n=129, 80.6%)
indicated on the transition question that they had remained stable in their daily function after
3 months (Table 1). Fourteen (8.8%) patients indicated (very) much worsening in their physical
function. The 17 patients (10.6%) who indicated (very) much improvement showed significant
improvements in physical function after 3 months in all four PROMs compared to baseline
(p < 0.05) and in most of the other assessed PROMs (NRS function, NRS pain, NRS PGA, physical
function SF-36, mental health SF-36, fatigue, passive coping and depression, data not shown).
However, success on advice to exercise, adherence to analgesics, weight loss, and lifestyle
changes were not evaluated.
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Responsiveness

Table 2 presents the correlation coefficients between changes in physical function on the
four PROMs and changes in scores on related and unrelated constructs. We could confirm 12
out of 15 predefined hypotheses (80%) about expected (or absence of) correlations using the
WOMAC-PF. The responsiveness of the WOMAC-PF could therefore be established as > 75% of
the hypotheses were confirmed (Table 3). For the KOOS-PS, LAl and LEFS, respectively, 11 (73%),
10 (67%), and 11 (73%) hypotheses were confirmed and the 75% according to our definition of
positive rating for responsiveness was not reached.

For all four PROMs, we were unable to confirm the hypothesized weak correlation between
change in physical function and change in NRS pain since we found a moderate correlation
ranging between 0.33 and 0.49 (hypothesis 2). Hypotheses 5 to 10 concerning unrelated
measures (discriminant responsiveness) were almost all confirmed except for a weak
correlation between changes in LAl and changes in passive coping, which could not be
confirmed. Concerning hypothesis 12, for three of the four questionnaires we were unable
to confirm the hypothesized weak correlation between change in physical function and
transition in pain since we found a moderate correlation above 0.33, except for the KOOS-PS,
where the weak correlation with transition in pain was confirmed (r = -0.28). In addition, for
all questionnaires we were unable to confirm a higher strength of correlation between change
in physical function and change in NRS function compared with the correlation between
change in physical function and change in NRS pain (hypothesis 13). Only for the WOMAC-PF
could we confirm the stronger correlation between change in physical function and transition
function than the correlation with transition pain (hypothesis 14). The LAI, LEFS, and WOMAC-
PF showed good ability to distinguish between patients who were (very) much improved and
those who were stable (slightly worsened, no change, slightly improved) in physical function
with an AUC of 2 0.7 (Figure 1).
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Figure 1. ROC curves showing the sensitivity and 1-specificity of the change in four PROMs assessing
physical functionin patients who indicated they were (very) much improved compared with patients who
indicated they were stable after 3 months.
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KOOS-PS: Knee Injury and Osteoarthritis Outcome Physical Function Short Form; LAI: Lequesne algofunctional index; LEFS:
Lower Extremity Functional Scale; WOMAC-PF: Western Ontario and McMaster Universities Osteoarthritis Index Physical
Function subscale.

Discussion

This is the first study to comprehensively evaluate the responsiveness of the four PROMs
KOOS-PS, LAI, LEFS, and WOMAC-PF to assess physical function in patients with clinical knee
OA. According to the COSMIN standard, we tested predefined hypotheses about expected (or
absence of) correlations between changes in constructs. Our results suggest that the WOMAC-
PF is able to detect changes over time in physical function and should therefore be the first-
choice measure in clinical trials evaluating the effectiveness of an intervention in knee OA
patients.

An intriguing finding in our study that warrants closer inspection is that, contrary to our
hypotheses,thestrength ofassociationofchangesinphysicalfunctionwithchangesinNRSpain
and transition in pain was stronger than hypothesized, for all four PROMs. Whether physical
function and pain can be assessed independently with PROMs is much debated.*#*3%4t Qur
findings suggest that the PROMs examined in this study suffer from construct contamination
when assessing physical functioning. It has been suggested that performance-based physical
functioning is less influenced by pain than self-reported physical functioning, and hence
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that performance-based measures are probably better than questionnaires in capturing the
construct of physical functioning.?®4 However, several disadvantages of performance-based
methods have been considered. They measure physical functioning in an artificial situation,
are influenced by the subject’s motivation to participate, and may provide little information
about how a person copes in their own environment.® It has been argued that performance-
based and self-reported questionnaires measure different aspects of function and offer
complementary information.3® So far, there is little insight into the measurement properties of
performance-based measures in knee OA.3%4445 Further research addressing the added value
of performance-based measures above questionnaires to measure physical function in knee
OAiswarranted.

Our study has several strengths. A stringent protocol consistent with the latest COSMIN
standard was prepared and followed in which an anchor-based approach was used to
assess responsiveness with 15 predefined hypotheses. We assessed responsiveness based
on hypotheses regarding correlations (i) between changes in physical function and changes
in scores on related measures (convergent), and (ii) between changes in physical function
and unrelated measures (discriminant), and (iii) regarding differences between groups
(discriminative). In addition, the responsiveness of the four PROMs was measured at the
same time in the same population of patients with knee OA receiving the same treatment
advice regarding conservative treatment, which increased the accuracy of the assessment of
the four PROMs.2122 The results of previous studies assessing responsiveness were based on
traditional methods(e.g. the ES and the SRM) that are known to be dependent of the type of
intervention. This could explain the inconsistency of previous findings on the responsiveness
of PROMs assessing physical function in knee OA. For example, the LAl has been found to be
more responsive than the WOMAC-PF in patients with knee OA following exercise therapy and
rehabilitation*®%, whereas the WOMAC-PF subscale was found to be more responsive after hip
or knee replacement?, but not superior to the LEFS®. Because the responsiveness measured
with the COSMIN standard is not expected to impact differently in different interventions
or patient groups, further research is warranted to determine, preferably in a head-to-head
study, whether our results are also valid for other, perhaps more effective, interventions.
Importantly, all patients were included from daily clinical practice, which in our opinion
provides external generalizability of our results.

Some limitations of our study and of studies assessing responsiveness in general should be
acknowledged.First,the COSMIN standard wasdeveloped asareportingtoolforqualitycriteria
of health status questionnaires, not for the purpose of rating the instruments. However, these
criteria are also recommended for use in design validation studies of health questionnaires
and the standard formulated an absolute cut-off point of > 75% of the hypotheses to be
confirmed to consider responsiveness as positive.9 Furthermore, defining hypotheses remains
arbitrary regarding the number of predefined hypotheses and the magnitude and direction of
the correlation coefficients defined. To avoid this, we used a transparent method and clearly
predefined hypotheses about the magnitude and direction of the correlation coefficients.
It turned out that the majority addressed discriminant hypotheses regarding correlations
with unrelated constructs. Probably more convergent hypotheses would have been more
desirable with, for example, more hypotheses concerning the same construct measured with
performance-based measures. All hypotheses were equally important and thus counted
equally for the overall assessment that at least 75% of all hypotheses should be confirmed. For
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both the KOOS-PSand the LEFS, 11 hypotheses were confirmed (73%). Thisisonly one confirmed
hypothesis less than the 12 confirmed hypotheses for the WOMAC-PF (80%). To date, there is
no consensus or guideline about the nature and number of hypotheses that should be tested
and confirmed or about weighted testing of hypotheses (i.e. giving convergent hypotheses
greater weight). There is also no consensus about considering the use of the lower or upper
bound of the 95% confidence interval of an association. It would be interesting to take this
issue into account in future research or in an update of the COSMIN standard. Other aspects
of the questionnaires were also not taken into account. Regarding hypothesis 15, the use of a
single-item anchor may have been less robust than using a composite score of a multi-item
change measure. However, this multi-item score for change of physical function is lacking.
A response shift could also have influenced our results, although we deemed a time frame
of 3 months long enough to detect improvement and short enough to minimize the risk of
a response shift.##® Furthermore, the questionnaires are validated for different time frames
and it remains unclear if these different time frames might have influenced the correlation
coefficients between the change scores (LEFS refers to function on the day and KOOS-PS
and WOMAC-PF to function in the previous week). In addition, because of the homogeneous
population, the results of our study seem to be confined to patients with symptomatic knee OA
in secondary care. Nevertheless, our cohort is comparable to other cohorts, consisting mainly
of overweight women with knee OA.#95° In addition, because we studied the responsiveness
head-to-head, it is unlikely that our sample characteristics could have influenced the results.
Finally, fewer patients than expected indicated (very) much improvement in their daily
function after 3 months.»s Although the COSMIN standard stresses that responsiveness is
independent of the magnitude of the change, it is possible that the relatively small number of
improved patients could have influenced the strength of the correlations we found.

In conclusion, based on the COSMIN standard, which stresses that responsiveness is
independent of the magnitude of the change, our results suggest that the WOMAC-PF could
be seen as the measure of first choice in clinical trials evaluating the effectiveness of an
interventiontoassessphysicalfunctionin patientswith knee OA.Furtherresearchiswarranted
to assess, preferably in a head-to-head study, whether our results are valid for other, perhaps
more effective, interventions as well. Future research is necessary to determine whether the
use of different predefined hypotheses, including hypotheses concerning worsening, yield the
same results on responsiveness.
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We thank Stratford and Kennedy for their interest in our study in which we evaluated the
responsiveness of four patient-reported outcome measures (PROMs) to measure change in
physical function in patients with knee osteoarthritis (OA) following currently recommended
COnsensus-based Standards for the selection of health Measurement INstrument (COSMIN)
standards.* They have concerns about the conclusion because of three reasons, which will be
discussed separately.

Their first point addresses the veracity of hypothesis number 14. There is growing consensus
that responsiveness should be considered as a measure of longitudinal construct validity
because responsiveness refers to measuring changes in the construct to be measured.
Hence, responsiveness should preferably be evaluated by testing predefined hypotheses
about expected correlations in different aspects of responsiveness, namely convergent,
discriminant, and discriminative responsiveness. Hypotheses are about expected correlations
between changes in related measurement (convergent; hypotheses 1, 3, 11, 13, and 14);
unrelated measures (discriminative; hypotheses 2, 4-10, and 12) or expected between-group
differences in changes (discriminative; hypothesis 15). Hypothesis 14 addresses convergent
responsiveness in which expected correlations between changes in related measures (i.e. the
construct physical function) are examined. Four PROMs on physical function were examined
and the expert group a priori hypothesized that changes in the PROMs for physical function
would be more strongly associated with answers on the transition question covering the same
construct (i.e. physical function) than answers on the transition scale regarding a different
construct (i.e. pain). Stratford and Kennedy state that for hypothesis 14 to have merit it
must be applied in a context where function and pain are known to display different change
trajectories. We agree that in this patient group changes in both pain and function are to be
expected, but with the COSMIN approach, the validity of the change scores can be assessed in
contrast to the magnitude of the change score as assessed by traditionally accepted methods
such as the standardized response mean (SRM).

Their second concern considers the small difference in the number of confirmed hypotheses
for the Western Ontario and McMaster Universities Osteoarthritis Index Physical Function
subscale (WOMAC-PF) (12/15) and Lower Extremity Functional Scale (LEFS) (11/15). Of note,
this regards the Knee Injury and Osteoarthritis Outcome Score Physical Function Short Form
(KOOS-PS) as well because 11 out of 15 hypotheses were confirmed. Our discussion has also
pointed out this concern, and we agree with Stratford and Kennedy that, to date, there is no
consensus or guideline about considering the use of the lower or upper bound of the 95%
confidence interval of the cut-off point (i.e. > 75% of hypotheses). It would be interesting to
take this into account in future research or in an update of the COSMIN standard. However,
this update should also include guidelines about the nature and number of hypotheses, as
defining more hypotheses would lead to a smaller confidence interval regarding this cut-
off point. Moreover, the COSMIN standard is not developed to compare and rate different
measurement instruments, but meant to confirm or reject the responsiveness of a particular
measurement instrument. Therefore, we used the formulated absolute cut-off point of the
standard of > 75% of the hypotheses to be confirmed to consider responsiveness as positive.?3
Moreover, for this reason we did not compare and rate the different measurements to assess
physical function.
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We do not agree on the third point, to interpret the point estimates for the four PROMs
separately, because this was not part of the a priori defined hypotheses. Only hypotheses 13
and 14 incorporate stronger correlations and differences in correlations were tested as a priori
agreed upon. Furthermore, in responsiveness studies, lower correlation coefficients are often
found compared to those in construct validity studies, which can be explained by the fact that
intheformer,acorrelation coefficientisobtained between change scores of two measurement
instruments3 The COSMIN standard reports about using correlation coefficients, but we
agree with Stratford and Kennedy that it would be interesting to take confidence intervals
into accountin an update. Furthermore, the areas under the curve (AUCs) reported in Figure 1
are presented to interpret hypothesis 15, which states that the AUC has to be 2 0.70. The 95%
confidence intervals of AUCs of LEFS (0.82) and WOMAC-PF (0.76) do overlap (data not shown)
and therefore it cannot be stated that this AUC of the LEFS might be higher or better than the
WOMAC-PF.

In conclusion, given the strengths and limitations of the COSMIN standard, and considering
the evidence in its entirety, we think that we assessed responsiveness of the four PROMs
as recommended and that our conclusion is valid that the WOMAC-PF could be seen as the
measure of first choice in clinical trials evaluating the effectiveness of an intervention to
assess physical function in patients with knee OA. We agree that considering the use of the
lower or upper bound of the 95% confidence interval of the absolute cut-off point (i.e. » 75%
of hypotheses) would be interesting to take into account in future research orin an update of
the standard.
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The aims of this study are: (1) to establish the Patient Acceptable Symptom State (PASS) cutoff
values of different patient-reported outcome measures (PROMs) assessing physical function
in patients with knee osteoarthritis (OA), and (2) to assess the influence of sex, age, duration of
symptoms, and presence of depressive feelings on being in PASS.

Patients fulfilling the clinical American College of Rheumatology knee OA criteria received
standardized nonsurgical treatment and completed different questionnaires at baselineand 3
months assessing physical function: Knee Injury and Osteoarthritis Outcome Score, Lequesne
Algofunctional Index, Lower Extremity Functional Scale, numeric rating scale, and the
physical function subscale of the Western Ontario and McMaster Universities Osteoarthritis
Index. PASS values were defined as the 75th percentile of the score of questionnaires for those
patients who consider their state acceptable.

Of the 161 included patients, 62% were woman with a mean age of 59 years (SD 9) and body
mass index of 30 kg/m? (SD 5). Standardized PASS values (95% Cl) for different questionnaires
for physical function varied between 48 (44-54) and 54 (50-56). Female patients and patients
feeling depressed were found to have a lower probability to be in PASS for physical function,
with odds ratios (95% Cl) varying from 0.45 (0.23-0.91) to 0.50 (0.26-0.97) and from 0.27 (0.14-
0.55) t0 0.38 (0.19-0.77), respectively.

PASS cutoff values for physical function are robust across different PROMs in patients with
knee OA. Our results indicate that PASS values are not consistent across dimensions and
rheumatic diseases, and that the use of a generic PASS value for patients with OA or even
patients with other rheumatic diseases might not be justifiable.
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Introduction

Osteoarthritis (OA) is a joint disease that affects the entire joint and mainly causes pain,
disability, and reduced quality of life.»> Because there is no curative treatment available for
OA, treatment aims to improve daily functioning and reduce symptoms. In clinical trials with
patients, it is considered of great importance to incorporate the patient’s interpretation of
outcomes in establishing the relevance of findings.3* Both the change in complaints (minimal
clinically important improvement) and the absolute level of complaints (Patient Acceptable
Symptom State (PASS)) are considered useful concepts for the interpretation of outcomes of
clinical trials and the translation of data into daily practice.’

The PASS is considered a state and is defined as the highest level of symptoms that the
majority of patients consider acceptable.®” Although the PASS has shown to be a relevant
concept in rheumatology, only a few studies have estimated and validated the PASS in knee
OA.2o2 However, different values were obtained, which might be explained by the selection
of patients in a specific setting or country, or by the use of different followup periods across
studies. In addition, different approaches have been used in the involvement of domains
(i.e., pain, patient’s global assessment (PGA), function) and rheumatic diseases for estimating
PASS values. This has led to the estimation of generic PASS values incorporating different
domains, as well as more specific PASS values for only 1domain (i.e., pain, PGA, function) or for
1 rheumatic disease. As a result, the generalizability of PASS values to other patient settings,
countries, languages, and cultures is speculative.”** Hence, more insight into the variability of
PASS values in different patient groups and/or settings is needed.

Inaddition, the extent to which PASS values reflecting a specific outcome domain, i.e., physical
function, are robust across different questionnaires is unknown. Earlier studies examining the
PASS value for physical function in OA have mostly used the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC)*, while other reliable and valid patient-reported
outcome measures (PROMs) for physical functioning are available. Frequently used validated
questionnaires to asses physical functioning in OA are the short version of the Knee Injury
and Osteoarthritis Outcome Score (KOOS-PS)3, Lequesne Algofunctional Index (LAI)%, the
Lower Extremity Functional Scale (LEFS)*, and the physical function subscale of the WOMAC
(WOMAC-PF).2 For the comparison of research findings using PASS cutoff values across
studies, insight is needed in the variability of the PASS value across different questionnaires
measuring the same construct; e.g., the PASS for self-reported physical function in OA.

Also, earlier research showed inconsistency in the influence of factors such as sex, age,
and duration of symptoms on the PASS cutoff value.5”** Further, because the PASS is based
on patients’ opinion, it could be hypothesized that the presence of depressive symptoms
influences patients’ evaluation of their clinical status. So, it may be possible that depressive
symptoms affect the acceptability of functioning; it has long been established that there is a
strong relationship between the level of depression and the severity of pain.s¥

Therefore, we conducted this prospective study with the following aims: (1) to establish the
PASS values across different PROMs assessing physical function in patients with knee OA, and
(2)to assess the influence of sex, age, duration of symptoms, and comorbid depressive state on
this estimated PASS value.
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Design, setting, and participants

Consecutive patients (2 18 years) with knee OA referred by orthopaedic surgeons to our
specialty knee and hip rheumatology OA outpatient clinic between July 2012 and January 2014
were eligible for participation in this prospective observational cohort study, as described
elsewhere.® All patients fulfilled the American College of Rheumatology clinical OA criteria:
knee pain (over 15 days last month) and at least three of the following: age over 50 years,
morning stiffness for at least 30 minutes, crepitus, bony tenderness, bony enlargement,
or no palpable warmth.® The exclusion criterion was indication within 3 months for knee
replacementsurgery. The local Medical Research Ethics Committee, region Arnhem-Nijmegen
(The Netherlands) approved the study design (study number 2012/375). All patients signed
informed consent.

Stepped care approach

Non-surgical treatment modalities for the management of knee OA are recommended
by several (inter)national consensus-based guidelines.>>s Therefore, all patients received
multimodal conservative treatment based on a Dutch multidisciplinary stepped care approach
for treatment of knee OA.* This includes education, referral for physical therapy (prescription
for both aerobic and strengthening exercises according to the graded activity principle), step-
up analgesics guided by a patient’s pain level, lifestyle advice, and advice on weight reduction
for patients with a body mass index (BMI) 228 kg/m?2. This approach recommends that more
advanced optionsare considered only ifthe optionslisted previously failed toyield satisfactory
results.# Patients attended a 90-minute during group visit (4-6 patients) to the rheumatology
outpatient department, led by a physician assistant and a specialized nurse and supervised
by a rheumatologist. When analgesics were found to be necessary, patients started with a
fixed dose of 1000 mg paracetamol (acetaminophen) 3 times a day. In case of lack of efficacy
of paracetamol, a nonsteroidal antiinflammatory drug (NSAID) was added. The patients were
contacted after 4 weeks by telephone and if necessary, the analgesics were switched.

Outcome measures and data collection

Patients were asked to complete questionnaires at baseline and at 3 months, including
sociodemographic information such as sex, age, and duration of symptoms. The postal
questionnaires included the following 4 PROMs to measure physical function.

KOOS-PS. The KOOS-PF is a 7-item short questionnaire with 4 items on daily activities and 3
items on sport and recreation (5-point Likert scale version from o to 4).2 Scores range from o
to 28, and in our study the scores were converted to normalized scores ranging from o to 100,
with higher scores defining higher levels of disability. The KOOS-PS has been shown to be valid
and reliable in knee OA. 3%

LAI. The LAl is an 11-item questionnaire that measures pain, walking distance, and daily
activities. The total score ranges from 0 to 24 points.* The degree of functional disability
corresponds with the following scores: ascore 2 14 pointsindicates extremely severe disability,
a score of 11-13 very severe disability, a score of 8-10 severe disability, a score of 5—7 moderate
disability,and a score of 1-4 minimal disability. The LAl has been shown to be reliable, although
its validity has been questioned.?®
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LEFS. The LEFS is a 20-item condition-specific questionnaire on daily and recreational
activities created for the use in patients with musculoskeletal conditions of the lower
extremity, including knee OA (5-point Likert scale version from o to 4).% The total score ranges
from o to 8o points, with higher scores defining higher levels of functioning. The LEFS has been
validated (also in Dutch) and shown to be reliable in patients with knee OA 293°

WOMAC-PF. The KOOS includes the WOMAC OA index in its complete and original format (with
permission). We used the 17-item subscale with questions about activities of daily living from
the KOOS to calculate WOMAC-PF score, originally developed for people with OA (5-point
Likert scale version from o to 4) The score ranges from o to 68 points and in our study was
converted to normalized scores ranging from o to 100, with higherscores defining higherlevels
of disability. The WOMAC is the most widespread studied and used instrument in individuals
with knee OA and is shown to be valid and reliable.*

Other patient-related outcome measures. Next to the PROMs mentioned above, the
questionnaire also included the depression subscale of the Hospital Anxiety and Depression
Scale (HADS), which assesses depression and is validated and reliable and has been validated
in patients with OA.*%73t The depression subscale consists of 7 items with possible scores
ranging from o to 21. A HADS score > 8 was considered as indicating depressive symptoms.
Furthermore, patients were asked to rate their functioning and pain in the preceding week on
a 0-10-point numeric rating scale (NRS) in which o equals no symptoms.>* The PGA of knee OA
effect was measured identically as well.

The PASS has been defined as the value below which the majority of patients consider
themselves in an acceptable state of symptoms. At baseline and after 3 months, the PASS for
physical function was defined using an external anchor question considering their condition
of knee OA. This single question was asked to the patients: “Think about all consequences of
the knee osteoarthritis in the last week. If you were to remain for the rest of your life as you
were during the last week, would the current state be acceptable or unacceptable foryou?” 32
Patients were included in the analysis of our current study if they completed both the baseline
and followup measurements.

Statistical analysis

Descriptive statistics were used to describe the study population. All continuous outcomes are
shown as meanswith SDwhen appropriate and dichotomous outcomes are shownin numbers
with percentages. All scores of the PROMs were normalized (and inverted when necessary) to
a range of o0 to 100, with 100 being maximal complaints. Scale scores of KOOS-PS, LAI, LEFS,
and WOMAC-PF were assessed for normality and missing data. Floor and ceiling effects for
each questionnaire at baseline were considered present if > 15% of the patients scored the
best or worst possible score, respectively. The 75th percentile of the cumulative distribution
score of the PROM scores at 3 months in patients who considered themselves at an acceptable
state was used to determine the cutoff value of the PASS. This approach has been validated
as a comparable alternative to the receiver-operation characteristic curve.**32 Thereafter,
these cutoff values with their 95% CI of the 4 different PROMs assessing physical function
were compared.
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To examine the influence of covariates on the estimated absolute PASS value, a univariate
and multivariate logistic regression was performed. As dependent variable, the absolute PASS
value on group level of a particular PROM assessing physical function was used, separately
for each PROM. The independent variables were sex, age, duration of symptoms, and having
depressive feelings at baseline. To improve interpretation and clinical applicability, we
dichotomized all independent variables: age > 65 years (yes/no), duration of symptoms > 5
years (yes/no), and HADS > 8 (yes/no) as validated by Axford, et al.” Statistical analyses were
performed using STATA version 13.1.

Results

Patient characteristics

In total, 272 eligible consenting patients were invited to participate, of whom 185 (68%)
completed the baseline measurements. Atotal of 161(87%) who completed the measurements
at 3 months’ followup were included in the analyses. Around two-thirds (62%) of the patients
were female, the mean age was 59 years (SD 9), and the mean BMI was 29.7 kg/m?(SD 5.0; (Table
1). No differences were found between the participants and nonparticipants with regard to
sex, although the participants were significantly older than the nonparticipants (59 years vs
56 years; p value = 0.02). The sociodemographic and disease-related characteristics of the
patients are presented in Table 1. For each instrument, there were < 5% missing values at both
timepoints.

Table 1. Sociodemographic and disease-related characteristics of study sample (n=161). Values are given
as mean (SD) unless indicated otherwise. The mean scores of the KOOS-PS, LAI, LEFS, and WOMAC-PF are
presented using the usual score range and using a normalized score (0-100).

Characteristics Baseline 3 Months
Female, n (%) 99 (62)
Age, years 59(9)
BMI, kg/m2 29.7(5)
Duration of symptoms, n (%)
> 5years 59(37)
Localization of symptoms, n (%)
Left knee 39 (24)
Right knee 56 (35)
Both sides 66 (41)
Patients considering their state to be acceptable, n (%) 77 (49) 87(56)
PROMs regarding physical function
KOOS-PS
Range 0-28 18.3(5.2) 17.8(5.3)
Range 0-100 53.6 (16.8) 51.7 (15.8)
LAI
Range 0-24 11.0 (4.0) 10.9 (4.3)
Range 0-100 45.8 (16.7) 45.4 (18.1)
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Characteristics Baseline 3 Months
LEFS*

Range 0-80 40.6 (14.1) 41.0 (15.3)

Range 0-100 49.2 (17.6) 48.8(19.1)
WOMAC-PF

Range 0-68 32.8(13.2) 32.0(13.2)

Range 0-100 48.2(19.4) 47.0 (20.5)
Other PROMs
NRS function (range 0-10) 5.5(2.4) 5.4(2.5)
NRS pain (range 0-10) 5.6 (2.1) 5.5(2.2)
NRS PGA (range 0-10) 5.6 (2.6) 5.5(2.2)
Depression (HADS; range 0-21)

No depressive feelings 4.6 (3.0) 3.6(1.9)

Depressive feelings 8.5(3.9) 10.3(2.9)

*For all PROMs except LEFS, higher scores reflect a higher level of disability.

BMI = Body Mass Index; WOMAC-PF = Western Ontario and McMaster Universities Osteoarthritis Index physical function
subscale; LAl = Lequesne Algofunctional Index; LEFS = Lower Extremity Functional Scale; KOOS-PS: Knee Injury and
Osteoarthritis Outcome Score, short version; PROM: patient-reported outcome measure; NRS = Numerical Rating Scale; PGA
= patient’s global assessment; HADS = Hospital Anxiety and Depression Scale.

Table 2. The estimated PASS cutoff values at 3 months’ followup for different PROMs assessing physical

function.
PROM PASS value at 3 months (95% ClI)
KOOS-PS
Range 0-28 19.5 (18.0-20.7)
Range 0-100 52.8 (48.5-56.8)
LEFS
Range 0-80 37.0 (35.2-40.0)
Range o0-100 53.8 (50.0-56.1)
LAl
Range 0-24 11.5 (10.5-13.0)
Range 0-100 47.9 (43.8-54.2)
WOMAC-PF
Range 0-68 34.0 (31.0-38.0)
Range 0-100 50.0 (45.6-55.9)

NRS function
Range 0-10

Range 0-100

6.0 (5.0-6.0)

60.0 (50.0-60.0)

All PROMs present scores with higher scores defining a higher level of disability with the exception of the nonstandardized
LEFS score range, where higher scores define higher level of functioning. PASS: Patient Acceptable Symptom State; PROM:
patient-reported outcome measure; WOMAC-PF: Western Ontario and McMaster Universities Osteoarthritis Index physical
function subscale; LAI: Lequesne Algofunctional Index; LEFS: Lower Extremity Functional Scale; KOOS-PS: Knee Injury and
Osteoarthritis Outcome Score, short version; NRS: numeric rating scale.
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PASS cutoffvalues

Table 2 displays that the PASS cutoff values for function determined by 4 questionnaires range
from 48 for the standardized LAI (95%Cl 44-54) to 54 for the standardized LEFS (95%Cl 50-56).
This table shows that the cutoff values with their 95% CI for the PASS for physical function
are comparable across the 4 different standardized PROMs assessing physical function. The
PASS values of NRS function, pain, and PGA turned out to be consistent as well with a cutoff
value of 60 (50-60). The 75th percentile of the NRS for function gives a PASS value of 60 (data
not shown).

At 3 months’ followup, 56% (95% Cl 48-64) of the patients considered their state to be
acceptable. The proportion of patients with depressive symptoms remained stable at 3
months’ followup (30% vs 31%). The univariate logistic regression analysis showed that age
and duration of symptoms are not associated with reaching the estimated PASS value for
physical function, whereas a significant association was found between sex and being in PASS
in 3 out of 5 PROMs regarding function. Female patients have a smaller probability of reaching
the estimated absolute PASS value for physical function than male patients with a significant
OR varying from 0.27 (95%Cl 0.14-0.55) to 0.38 (95%Cl 0.19-0.77) for the different PROM:s. Also,
having depressive symptomsturned outto be associated with reaching the estimated absolute
PASS value; patients having depressive symptoms have a smaller probability of reaching an
acceptable state for physical function than patients without depressive symptoms, with
a significant OR around o.50 for all PROMs except the KOOS-PS (Table 3). The multivariate
logistic regression analyses yielded similar results (data not shown).

Table 3. Significant OR of the univariate logistic regression for each PROM for reaching the absolute PASS value.

PASS

WOMAC-PF

KOOS-PS LAI LEFS

NRS function

Dependent variables

0.47(0.24-0.93) 0.50 (0.26-0.97)

0.45 (0.23-0.91)

Female

Age 2 65years

Duration of symptoms > 5years

0.32(0.16-0.64) 0.36(0.18-0.72)

0.27(0.14-0.55)

0.38(0.19-0.77)

Depressive feelings

The Odds Ratio (OR) is given for every independent variable in the logistic regression with 95% confidence intervals for each PROM for function. All ORs being significant at the 0.05 level are shown.

PASS: Patient Acceptable Symptom State; PROM: patient-reported outcome measure; NRS: numeric rating scale; WOMAC-PF: Western Ontario and McMaster Universities Osteoarthritis Index physical

function subscale; LAI: Lequesne Algofunctional Index; LEFS: Lower Extremity Functional Scale; KOOS-PS: Knee Injury and Osteoarthritis Outcome Score, short version.
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We documented the PASS cutoff values for physical function and its determinants across
different PROMs in a cohort of patients with knee OA in the Netherlands. Our results show
that these PASS cutoff values are relatively robust across different questionnaires measuring
physical function. Also, in our knee OA cohort,and in line with previous results for OA, patients
consider a higher level of symptoms acceptable than previously reported for other rheumatic
diseases.5In addition, we observed that woman and depressive patients have alower chance
of reaching the estimated PASS value.

The consistency of the cutoff values of the PASS for physical function across different PROMs
assessing the same construct physical function in a specific cohort represents the robustness
of the PASS values for physical function across these 4 different PROMs measuring physical
function. To our knowledge, the robustness of the PASS regarding 1 outcome domain, i.e.,
physical functioning, measured with 4 different PROMs, has never been studied before.
Therefore, our findings suggest that different questionnaires may be used to determine
PASS cutoff values for physical function of a certain population and setting. Future research
is warranted to investigate this finding in other populations and settings, and to examine
whether this robustness is also valid for other outcome domains.

We found a higher PASS value for physical function than the generic, multinational PASS
value reported previously, applicable for 5 different rheumatic conditions (including hip
and knee OA) and for different outcome domains (pain, PGA, physical function).*® Our values
are comparable with other studies reporting on the PASS value of physical function in the
context of nonsurgical treatment of OA.*** However, our findings support earlier findings
that PASS values might be variable across different rheumatic diseases, countries, types of
intervention, and outcome domains. In previous studies, higher PASS values for patients with
OA than for other rheumatic diseases were found, which may be caused by not having high
expectations from optimized nonsurgical treatment modalities in knee OA compared to, for
example, expectations from rheumatoid arthritis treatment.* Bellamy et al questioned the
generalizability of PASS values to other countries, languages, and cultures, because they found
considerable variation in PASS values across countries.* In addition, the variability in PASS
values across countries was confirmed in recent studies from France reporting on relatively
low PASS values for physical function in patients with knee and hip OAf The observation that
lower PASS values after total joint replacement were estimated than after NSAID treatment
in Spanish patients with OA suggests that the type of intervention could affect PASS values
as well.23 This is in line with previous suggestions that patients expect greater effects from
surgery than from nonsurgical therapy3* Finally, several studies documented that PASS
values for physical function are higher than those for other domains*** Taking the above
considerations into account, it is conceivable that PASS values are generalizable only to 1
outcome domain in a specific disease for a certain type of intervention, and thus that the use
of a generic PASS value is not justifiable. An alternative could be to determine PASS values for
each study separately, by including the standardized question in the data collection, rather
than applying a generic (multinational) estimated value.

An intriguing finding of our study was that patients having depressive feelings are associated
with a lower chance of reaching the estimated PASS value. In fact, this could be in line with
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the previous notion that acceptability of a certain disease state is not only dependent on the
absolute level of complaints, butis also dependent on other factors, and in this particular case
on the patient’s mood. If future research does confirm this finding, this may create a new point
of view when treating a patient with OA who does not reach an acceptable symptom state.

Potential limitations of our study include the quite small cohort used in our study compared
to the cohorts used in earlier studies to determine the PASS. However, because we used a
homogeneous cohort, our findings seem generalizable to Dutch patients who are not yet
deemed eligible for surgery. Another limitation for studies examining PASS values in general
could be that a response shift took place, in which perception of the disease state changes
during the assessments.® In addition, a general limitation for studies using PASS values is
that there is no uniform approach to establishing a PASS value; the question asked to the
patient varied across earlier studies and the time extent was different.® If the PASS is to
become a universal concept for defining interventional success, a standard anchor question
for meaningful comparison of results across groups should be established, in particular with
regard to the duration of an acceptable state. We would suggest that PASS implies a state
without change, that is, the time spent in the state as “rest of your life” as recommended by
the Outcome Measures in Rheumatology #3436

In conclusion, PASS cutoff values are robust for physical function across different PROMs in
patients with knee OA. However, our resultsindicate that PASS values are not consistent across
dimensions and rheumatic diseases, and that the use of a generic PASS value for patients with
OA or even patients with other rheumatic disorders might not be justifiable.

Acknowledgement
We thank all patients who participated.

53




54

Chapter3

10.

11.

12.

13.

14.
15.

16.

17.

Cooper C,Adachi D, Bardin T, Berenbaum F, Flamion B, Jonsson H et al. How to define responders in
osteoarthritis. Curr Med Res Opin 2013;29:719-29.

Zhang W, Doherty M, Peat G, Bierma-Zeinstra MA, Arden NK, Bresnihan B et al. EULAR evidence-based
recommendations for the diagnosis of knee osteoarthritis. Ann Rheum Dis 2010;69:483-9.

Altman R, Brandt K, Hochberg M, Moskowitz R, Bellamy N, Bloch DA et al. Design and conduct of clinical
trialsin patients with osteoarthritis: recommendations from a task force of the Osteoarthritis Research
Society. Results from a workshop. Osteoarthritis Cartilage 1996;4:217-43.

Pham T, van der Heijde D, Altman RD, Anderson JJ, Bellamy N, Hochberg M et al. OMERACT-OARSI initiative:
Osteoarthritis Research Society International set of responder criteria for osteoarthritis clinical trials
revisited. Osteoarthritis Cartilage 2004;12:389-99.

Wells G, Boers M, Shea B, Anderson |, Felson D, Johnson K et al. MCID/Low Disease Activity State Workshop:
low disease activity state in rheumatoid arthritis. ] Rheumatol 2003;30:1110-1.

Tubach F, Ravaud P, Baron G, Falissard B, Logeart I, Bellamy N et al. Evaluation of clinically relevant states
in patient reported outcomes in knee and hip osteoarthritis: the patient acceptable symptom state. Ann
Rheum Dis 2005;64:34-7.

Perrot S, Bertin P."Feeling better" or "feeling well" in usual care of hip and knee osteoarthritis pain:
determination of cutoff points for patient acceptable symptom state (PASS) and minimal clinically
importantimprovement (MCII) at rest and on movement in a national multicenter cohort study of 2414
patients with painful osteoarthritis. Pain 2013;154:248-56.

Hochberg MC, Wohlreich M, Gaynor P, Hanna S, Risser R. Clinically relevant outcomes based on analysis of
pooled data from 2 trials of duloxetine in patients with knee osteoarthritis. ] Rheumatol 2012;39:352-8.
Dougados M, Moore A, Yu S, Gitton X. Evaluation of the patient acceptable symptom state in a pooled
analysis of two multicentre, randomised, double-blind, placebo-controlled studies evaluating lumiracoxib
and celecoxib in patients with osteoarthritis. Arthritis Res Ther 2007;9:R11.

Tubach F, Ravaud P, Martin-Mola E, Awada H, Bellamy N, Bombardier C et al. Minimum clinically important
improvement and patient acceptable symptom state in pain and function in rheumatoid arthritis,
ankylosing spondylitis, chronic back pain, hand osteoarthritis, and hip and knee osteoarthritis: Results
from a prospective multinational study. Arthritis Care Res (Hoboken ) 2012;64:1699-707.

Bellamy N, Hochberg M, Tubach F, Martin-Mola E, Awada H, Bombardier C et al. Development of
multinational definitions of minimal clinically importantimprovement and patient acceptable
symptomatic state in osteoarthritis. Arthritis Care Res (Hoboken ) 2015;67:972-80.

McConnell S, Kolopack P, Davis AM. The Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAQC): a review of its utility and measurement properties. Arthritis Rheum 2001;45:453-61.

Perruccio AV, Stefan LL, Canizares M, Tennant A, Hawker GA, Conaghan PG et al. The development of a
short measure of physical function for knee OA KOOS-Physical Function Shortform (KOOS-PS) - an OARSI/
OMERACT initiative. Osteoarthritis Cartilage 2008;16:542-50.

Lequesne MG. The algofunctional indices for hip and knee osteoarthritis. | Rheumatol 1997;24:779-81.
Binkley JM, Stratford PW, Lott SA, Riddle DL. The Lower Extremity Functional Scale (LEFS): scale
development, measurement properties, and clinical application. North American Orthopaedic
Rehabilitation Research Network. Phys Ther 1999;79:371-83.

Axford J, Heron C, Ross F, Victor CR. Management of knee osteoarthritis in primary care: pain and
depression are the major obstacles. | Psychosom Res 2008;64:461-7.

Axford J, Butt A, Heron C, Hammond J, Morgan J, Alavi A et al. Prevalence of anxiety and depression in
osteoarthritis: use of the Hospital Anxiety and Depression Scale as a screening tool. Clin Rheumatol
2010;29:1277-83.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chapter3

Mahler EAM, Cuperus NC, JW| Bijlsma, Vliet Vlieland TPM, van den Hoogen FHJ, den Broeder AA, et al.
Responsiveness of four patient-reported outcome measures to assess physical function in patients with
knee osteoarthritis. Scand ] Rheumatol 2016;45:518-27.

Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K et al. Development of criteria for the classification
and reporting of osteoarthritis. Classification of osteoarthritis of the knee. Diagnostic and Therapeutic
Criteria Committee of the American Rheumatism Association. Arthritis Rheum 1986;29:1039-49.

Zhang W, Nuki G, Moskowitz RW, Abramson S, Altman RD, Arden NK et al. OARSI recommendations for the
management of hip and knee osteoarthritis: part I1l: Changes in evidence following systematic cumulative
update of research published through January 2009. Osteoarthritis Cartilage 2010;18:476-99.

Hochberg MC, Altman RD, April KT, Benkhalti M, Guyatt G, McGowan | et al. American College of
Rheumatology 2012 recommendations for the use of nonpharmacologic and pharmacologic therapiesin
osteoarthritis of the hand, hip, and knee. Arthritis Care Res (Hoboken ) 2012;64:465-74.

Conaghan PG, Dickson J, Grant RL. Care and management of osteoarthritis in adults: summary of NICE
guidance. BM) 2008;336:502-3.

Fernandes L, Hagen KB, Bijlsma JW, Andreassen O, Christensen P, Conaghan PG et al. EULAR
recommendations for the non-pharmacological core management of hip and knee osteoarthritis. Ann
Rheum Dis 2013;72:1125-35.

SminkAJ, van den Ende CH, Vliet Vlieland TP, Swierstra BA, Kortland JH, Bijlsma JW et al. "Beating
osteoARThritis": development of a stepped care strategy to optimize utilization and timing of non-surgical
treatment modalities for patients with hip or knee osteoarthritis. Clin Rheumatol 2011;30:1623-9.

Bond M, Davis A, Lohmander S, Hawker G. Responsiveness of the OARSI-OMERACT osteoarthritis pain and
function measures. Osteoarthritis Cartilage 2012;20:541-7.

Ruyssen-Witrand A, Fernandez-Lopez CJ, Gossec L, Anract P, Courpied |P, Dougados M. Psychometric
properties of the OARSI/OMERACT osteoarthritis pain and functional impairment scales: ICOAP, KOOS-PS
and HOOS-PS. Clin Exp Rheumatol 2011;29:231-7.

Singh JA, Luo R, Landon GC, Suarez-Almazor M. Reliability and clinically important improvement
thresholds for osteoarthritis pain and function scales: a multicenter study. ] Rheumatol 2014;41:509-15.
French HP, Fitzpatrick M, FitzGerald O. Responsiveness of physical function outcomes following
physiotherapy intervention for osteoarthritis of the knee: an outcome comparison study. Physiotherapy
2011;97:302-8.

Hoogeboom TJ, de Bie RA, den Broeder AA, van den Ende CH. The Dutch Lower Extremity Functional Scale
was highly reliable, valid and responsive in individuals with hip/knee osteoarthritis: a validation study.
BMC Musculoskelet Disord 2012;13:117.

Pua YH, Cowan SM, Wrigley TV, Bennell KL. The Lower Extremity Functional Scale could be an alternative
to the Western Ontario and McMaster Universities Osteoarthritis Index physical function scale. | Clin
Epidemiol 2009;62:1103-11.

Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety and Depression Scale. An
updated literature review. ) Psychosom Res 2002;52:69-77.

Kviatkovsky M), Ramiro S, Landewe R, Dougados M, Tubach F, Bellamy N et al. The Minimum Clinically
Important Improvement and Patient-acceptable Symptom State in the BASDAI and BASFI for Patients with
Ankylosing Spondylitis. ] Rheumatol 2016;43:1680-6.

Escobar A, Gonzalez M, Quintana JM, Vrotsou K, Bilbao A, Herrera-Espineira C et al. Patient acceptable
symptom state and OMERACT-OARSI set of responder criteria in joint replacement. Identification of cut-
off values. Osteoarthritis Cartilage 2012;20:87-92.

Tubach F, Ravaud P, Beaton D, Boers M, Bombardier C, Felson DT et al. Minimal clinically important
improvement and patient acceptable symptom state for subjective outcome measures in rheumatic
disorders. | Rheumatol 2007;34:1188-93.

55




56

Chapter3

35.

36.

McPhail S, Haines T. Response shift, recall bias and their effect on measuring change in health-related
quality of life amongst older hospital patients. Health Qual Life Outcomes 2010;8:65.

Putrik P, Ramiro S, Hifinger M, Keszei AP, Hmamouchi I, Dougados M et al. In wealthier countries, patients
perceive worse impact of the disease although they have lower objectively assessed disease activity:
results from the cross-sectional COMORA study. Ann Rheum Dis 2016;75:715-20.

Chapter3

57




58

How should worsening in
osteoarthritis be defined?
Development and initial validation
of preliminary criteria for clinical
worsening in knee and hip
osteoarthritis

Elien A.M. Mahler

Alfons A. den Broeder
Thasia G. Woodworth
Vincent.J.F. Busch

Frank H.J. van den Hoogen
Johannes W.J. Bijlsma
Cornelia H.M.van den Ende




There is a need to define and validate measures of clinical worsening in knee and hip
osteoarthritis (OA). The objectives of this exploratory project were: (1) to characterize
worsening criteria in knee and hip OA using psychometric methods; (2) to estimate their
sensitivity and specificity; (3) to validate and compare these criteria with worsening criteria
previously described in the literature.

AnExpertGroupreached consensusoniosetsofworseningcriteriatobetestedinobservational
data sets of patients with knee or hip OA who received multimodal conservative treatment.
These sets included 219 patients (derivation cohort) and 296 patients (validation cohort). We
estimated minimal clinically important worsening (MCIW) values for pain, function, stiffness,
and patient global assessment, and tested candidate worsening criteria in the derivation
cohort. Finally, using patient judgement, we examined sensitivity and specificity of literature-
based as well as candidate worsening criteria in the validation cohort.

Literature-based worsening criteria were found to have high specificity (range 60-92%)
but low sensitivity (range 22-59%). Two out of 10 candidate worsening criteria constructed
by the Expert Group showed an acceptable combination of sensitivity and specificity in the
derivation cohort, which was confirmed in the validation cohort (ranging from 54% to 65%
and 67% to 74%, respectively).

This is the first study to describe symptomatic worsening criteria based on expert consensus
after examining the performance of candidate criteria derived from the literature applied to
data in an observational study. The newly proposed worsening criteria show an acceptable
combination of sensitivity and specificity.

Chapter 4

Introduction

Over the past few years, increasing attention has been directed towards the development
and use of outcome measures on an individual level in patients with osteoarthritis (OA). In
OA, multiple sets of criteria are available to distinguish between patients who clinically
improve and those who do not.*3 However, not all patients improve with treatment, and
thus, determining which patients have deteriorated is important, both in research and in
clinical care.# Consequently, many studies have been and are being performed to determine
prognostic factors for OA, but mainly focus on radiographic progression, while a clear
discordance between radiographic and symptomatic OA has formerly been described. In
prediction studies that focus on symptomatic progression of OA, validated worsening criteria
could be used as an outcome measure to identify variables which may predict deterioration.
In future longitudinal clinical care, worsening criteria could also assist in monitoring patients
in clinical practice and selecting patients in whom treatment should be modified. In contrast
to clinically important improvement criteria, validated worsening criteria to define clinically
important (symptomatic) worsening for outpatients with knee and hip OA have not been
described, although several studies used self-defined worsening criteria that have not been
validated.»*

Indeed, there is no consensus on how clinical worsening in knee or hip OA should be defined
and, as a consequence, a large variety in definitions of clinical knee OA remains.# Several
definitions of worsening on a group level, using mean changes, have been used, in particular
to describe the progress over time in cohorts of patients.#¢9 However, mean changes with a
continuous measure are not useful to measure worsening on an individual level. Only a few
studies have used individual (dichotomized) clinical worsening criteria. These non-validated
criteria vary considerably with respect to the following aspects: measured domain(s) (pain,
function, stiffness, and/or patient global assessment (PGA)), the measurement instrument
used, the type of change (absolute or relative, or a combination of absolute and relative) and
the amount of absolute and/or relative change.’>* This implicates that worsening can be
defined in numerous ways depending on the choices per aspect.*417::8

An important aspect of worsening criteria is the amount of change in relevant domains. The
amount of change (relative and/or absolute) can be based on consensus among experts, and/
or based on patient self-report to examine minimal clinically important worsening (MCIW)
values for identified domains. The MCIW can be defined as the smallest difference in domain
score, associated with patients’ perception of worsening, with a request to change their
healthcare management.? The patients’ perception of change regarding longer time spans
in, for example, prediction or observational studies, needs to be transformed into changes
in measurement instruments to minimize the risk of a response shift, as was recognized
when developing responder criteria for OA.>> Because the amount of worsening that patients
consider important is different from the amount of improvement®®#26 arbitrarily defining
worsening using the inverse of proposed minimal clinically important improvement values is
likely to be inconsistent with the patient perspective.***2® However, MCIW thresholds for the
domains pain, function, stiffness, and PGA have not yet been identified.

Toaddressthe need forworseningcriteriaand MCIW values applicable to evaluatingindividual
patients in longitudinal studies, the aims of this exploratory project were: (1) to characterize
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worsening criteria in knee and hip OA using state-of-the-art psychometric methods; (2) to
estimate their sensitivity and specificity; (3) to validate and compare these criteria with
worsening criteria previously described in the literature.

Expert group process

We followed a six-step approach to develop and validate individual clinical worsening criteria
in this exploratory project (Table 1). In steps 2 and 3, an Expert Group (n = 9), comprising
researchers and clinicians experienced in the field of knee and hip OA and well versed with the
current literature providing patient-reported outcome measures (PROMs) (epidemiologists,
orthopaedic surgeon, psychologist, researchers, rheumatologists), decided on the sets of
previously used and newly proposed worsening criteria to be evaluated.

Step 1: review of the literature. Previously used worsening criteria up to 2014 were identified
and reviewed by means of a literature search in MEDLINE using the terms: worsening or
deterioration or flare or progression, and osteoarthritis knee or osteoarthritis hip. Additional
references were identified from references of identified publications and abstracts of
American College of Rheumatology (ACR), European League Against Rheumatism (EULAR),
and Osteoarthritis Research Society International (OARSI) meetings. From this review, only
worsening criteria that were dichotomized on an individual level were selected.

In addition, to prepare for the expert meeting, the Outcome Measures in Rheumatology
(OMERACT)-OARSI study regarding the development of responder criteria for OA and the
literature upon which this is based were thoroughly studied so that the Expert Group was well
informed on aspects considered to be important when developing clinically improvement
criteria for OA (i.e. outcome domains, type (absolute and/or relative), amount of change, and
measurement instruments).*

Step 2: selection of previously described worsening criteria. The face validity of previously
used worsening criteria was scored by each member of the Expert Group, before the expert
meeting, on a scale ranging from 1 to 3, with 3 being the best score. In the expert meeting, the
Expert Group selected, based onthe presented total scores foreach previously used worsening
criteria and on the basis of consensus, the criteria that should be further validated in our study
(agreement among 280% of the members of the Expert Group).

Step 3: development of candidate worsening criteria. In a consensus meeting, the Expert Group
used anominal group processtoreach agreement by discussion and voting regarding the most
appropriate outcome domains, type (absolute and/or relative changes), amount of clinically
important change for each domain (what amount and/or using our estimated MCIW values),
and measurementinstruments of first choice that should comprise a set of worsening criteria.

Step 4: construction of newly proposed sets of worsening criteria. Using the transition scale
as external anchor, we estimated MCIW values with an anchor-based approach for the
four domains: numeric rating scale (NRS) and Western Ontario and McMaster Universities
(WOMAC) pain, function, stiffness; and PGA in the derivation cohort. The MCIW was estimated
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for both the absolute difference (3 month value minus baseline value) and the relative
difference (3 month value minus baseline value, divided by baseline value). We deemed a time
frame of 3 months long enough to allow for worsening and brief enough to minimize the risk
of a response shift.2 The mean score differences between the “equal” and the “slightly worse”
group defined the MCIW values.?*3° The MCIW values were presented as mean or median, as
appropriate.

Thereafter, based on prerequisites agreed upon by the expert meeting in step 3and the results
of the MCIW in step 4, we constructed 10 new candidate worsening criteria sets (see Table 6).
A priori, it was decided to restrict the maximal number of candidate worsening criteria sets
to10.

Step 5: estimation of sensitivity and specificity of newly proposed worsening criteria in derivation
cohort. We examined the sensitivity and specificity of the newly proposed worsening criteriain
the derivation cohort using the transition scale. We classified the responses on the transition
scale into two categories: importantly worsened (slightly worse, worse and much worse) and
not importantly changed (equal). The five sets that performed best according to the highest
Youden index (J: sensitivity + specificity - 1) and receiver operating characteristic (ROC) point
closest to the maximum (0,1) in the derivation cohort were selected to be validated in the
validation cohort (step 6).3* This ROC point is similar to the concordance-statistic (c-statistic).

Step 6: validation of previously used and newly proposed worsening criteria. Using the
transition scale, we examined the sensitivity and specificity of the literature-based worsening
criteria with acceptable face validity, the MCIW values of pain, function, stiffness, and PGA,
together with the five sets of newly proposed worsening criteria in the validation cohort. We
determined the three best performing worsening sets according to the Youden index (J) and
c-statistic.

Study design and patients

We included 515 consecutive consenting patients attending our specialty knee and hip
rheumatology OA outpatient clinic and fulfilling the ACR clinical criteria for knee or hip OA.3>3
All patients in this observational study received multimodal treatment for 3 months, which
comprised education, physical therapy, step-up analgesics, and advice on weight reduction
if indicated, as described elsewhere.34 Visits were planned at baseline and 3 months at the
outpatient clinic and at weeks 4 and 8 by telephone. Exclusion criteria were: other rheumatic
orsevereorthopaedicdiseasesleading toinflammatory arthritis orsecondary OA, comorbidity
exceeding the complaints or limitations of the knee or hip OA, orthopaedic procedures
planned within the next 3 months, or cognitive or sensorimotor problems interfering with
questionnaire completion. The index joint was the most symptomatic knee or hip at baseline.
All patients signed informed consent according to the Declaration of Helsinki and the study
was approved by the local medical research ethics committee, region Arnhem-Nijmegen (The
Netherlands) (study number 2009/095).

Data acquisition

At inclusion/baseline, demographic and clinical data were collected and all patients
completed PROMs (see below) for four domains: pain, function, stiffness, and PGA of index
joint symptom impact (PGA).34 Patient data were included in the present analyses when the
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transition question at 3 months was completed. In total, 219 patients, who were included
between 1 July 2007 and 31 July 2009 and followed for 3 months, were used as the derivation
cohort. The validation cohort consisted of 296 patients, recruited between 1 August 2009 and
1 May 2011, who completed PROMs at a 3 month visit.

Patient Reported Outcome Measures (PROMs)

Pain intensity and PGA of disease impact during the week before the visit were assessed at
baselineand the3monthvisitand measured ona0-10 point NRS,where o equals no symptoms.
Patients also completed the Dutch Knee/Hip injury and Osteoarthritis Outcome Score (KOOS/
HOOS) questionnaire (Likert-scale version) at baseline and the 3 month visit.3 From the KOOS/
HOOS, the WOMAC score can be derived, with WOMAC pain, function, and stiffness subscales
presented as transformed scores ranging from o to 100, where 100 equals no symptoms.

Because a gold standard to determine clinically important change in index joint symptoms
is lacking, we used as an external anchor the “transition” method based on the patient’s
perception of change in index joint symptoms, as currently recommended.?*3%3 The transition
questionnaire assessed the change in health related to the index OA joint at 3 month follow-
up compared to baseline on a seven-point Likert scale (much worse, worse, slightly worse, no
change, slightly improved, improved, much improved).

Statistical analysis

Checks for assumptions of normality were performed for all continuous baseline data,
including pain, function, stiffness, and PGA. Descriptive statistics were provided as mean +
standard deviation (SD) or median and interquartile range (IQR) for continuous variables and
percentagesforcategoricalvariables. Totest the robustness of ourresults, a sensitivity analysis
was performed on an imputed dataset - in which missing values of PROMs were imputed
using multiple imputation to create 20 data sets - and results were combined using Ruben’s
rules.3® Only the results without multiple imputation are shown, as multiple imputation did
not change the results. All statistical analyses were performed using STATA 13.1.

Expert group process

The review of the literature yielded 11 different sets of worsening criteria v2121417.18.2039-41
Based on examination of these sets, the nominal group process led to four main aspects to be
taken into account when developing new criteria for clinically important worsening in knee
and hip OA: (1) stiffness as a domain for PROMs is less validated than pain, function, and PGA;
(2) newly defined worsening criteria should contain the domains pain and/or function, and
optional PGA; (3) criteria for worsening should reflect both absolute and relative change*>44s,
and (4) criteria for worsening could either contain one domain (pain, function, or PGA) or a
combination of domains. The magnitude of absolute change for worsening criteria should
be 1-2 for NRS pain and PGA and 10-20 for WOMAC subscales, whereas the magnitude of
relative change should range between 10% and 25%, and above 50% if one domain is tested.
In addition, the magnitude of change from the results of the MCIW should preferably be taken
into account. Finally, it was decided that different measurements per domain can be used; for
instance, either NRS or WOMAC pain for the domain pain.

Chapter 4 65

The Expert Group’s review of the literature yielded five studies presenting different worsening
criteria with acceptable face validity that were included in the validation round.**4718 |n
addition, the Expert Group constructed 10 sets of newly proposed worsening criteria.
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Table 3. Mean difference (T 3 months - T 0) in outcome scores by transition reply at the 3 month follow-up for the total group of patients with knee or hip OA and

baseline values.

Changein Changein Changein Changein Changein

No. of patients

Transition reply

PGA WOMAC pain WOMAC function WOMAC stiffness

NRS pain

515) (%)

(n
14
34
64

11 (1.9) 15 (23) -2.5 (13.7) 5.2 (9:3) -5.1 (13.8)
(1.5) (2.0)
(19)
(2.0)

(27)
(6.6)

Much worsened

(27.7)
(23.4)

56

(13.8) -3.1 (16.6)

-5.2

41

0.4

Worsened

(13.9) -33

0.6

1.4 (28.9)

(2.0)

-0.2

0.4

(12.4)

Slightly worsened

-1.4 (2.2) 37 (19.3) 3.6 (16.3) 0.5 (20.3)
9.3

-0.9
-1.8

(45.1)

232

No change

10.1 (14.6) 3.1 (18.9)

(14.1)

(1.7) -1.9 (2.2)
(23)
(1.8)

(18.6)

96

Slightly improved

17.5 (17.1) 17.1 (17.5) 14.5 (20.5)

(2.4)
(3:3)
(2.1

-2.9

(11.2) -2.8

57

Improved

(22.7)

13.4

243 (23.1) 17.7 (23.5)

2.5
6.3

(3.5) -4.2

18

Much improved

(20.1) 46.7 (20.4) 44.1 (23.5)

483

(1.9)

6.0

Baseline values

Data are shown as N (%) or meanchange + SDchange. Baseline values are presented as mean + SD.

OA: osteoarthritis; NRS: numeric rating scale pain; PGA: patient global assessment (both scales 0-10, where 0 equals no symptoms); WOMAC: Western Ontario and McMaster Universities pain,

function, and stiffness (scale 0-100, where 100 equals no symptoms).
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Analyses: patient characteristics

The longitudinal observational study in which data were collected for derivation and
validation of worsening criteria included a total of 515 patients, of whom 66.2% were female,
with a mean age of 55.2 £ 10.3 years and a median body mass index of 28.4 kg/m?(IQR 25.4-32.9
kg/m?). At baseline, the mean NRS pain and PGA were indicating moderate to high pain levels
and disease impact as well as moderate to high levels of WOMAC pain, function, and stiffness,
as shown in Table 2. Most patients (82.6%) had primarily knee OA, with a median duration of
symptoms at baseline of 4.0 years (IQR 1.6-9.6 years). At baseline, 68.1% of all patients had
a Kellgren & Lawrence score 2 2 and this percentage was somewhat lower in the derivation
cohortthantheinvalidation cohort (63.0% vs 72.0%, p = 0.03); no other differences were found
between the derivation and validation cohorts (Table 2).

Analyses: Patient Reported Outcome Measures (PROMs)

There were few missing data: for the 515 included patients, missing data for the PROMs at
baseline were 4.1%, and at 3 months, 13.1%. After 3 months, 112 patients (21.7%) worsened
(slightly worse, worse, much worse), 232 patients (45.0%) did not change, and 171 patients
(33.2%) improved, as indicated by the transition question. In the derivation cohort, 40 patients
(18.3%) worsened, compared to 72 patients (24.3%) in the validation cohort (slightly worse,
worse, much worse) (not significant). Table 3 shows the mean difference in outcome scores
by transition reply at the 3 month follow-up. Patients who reported no change after 3 months
showed a statistically significant improvement in all outcome measures (except for stiffness)
with relatively higher changes in NRS pain and PGA. In addition, a clear asymmetry between
the magnitude of change in the direction of worsening versus improvement can be seen in
all outcome measures, with the amount of worsening in complaints in those patients who
reported being worsened being lower than the amount of improvement in complaints in
patients who reported being improved. The MCIW values are shown in Table 4.

Table 4. Minimal clinically important worsening (MCIW) values after outpatient conservative treatment
in patients with knee or hip osteoarthritis in the derivation cohort (n=219).

MCIw
Absolute Relative %
(compared to baseline score)
NRS pain 1.8 18.1
WOMAC pain -4.1 -7.7
WOMAC function -3.1 -3.9
WOMAC stiffness -7.7 -25.0
PGA 0.6 87

Data are shown as mean for absolute MCIW and median for relative MCIW.
NRS numeric rating scale pain, PGA patient global assessment (both scales 0-10, where o0 equals no symptoms); WOMAC:
Western Ontario and McMaster Universities pain, function, and stiffness (scale 0-100, where 100 equals no symptoms).

The previously used worsening criteria, including the inverse of the responder criteria, were
shown to be moderately to highly specific (range 60-92%), but lacked sensitivity (range 22-
59%) (Table 5).* The absolute and relative change based on estimated MCIW values showed the
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same pattern, with a moderate to good specificity (range 66-92%), but low sensitivity (range

26-48%).
The sensitivity and specificity of worsening criteria proposed by the Expert group ranged from

26% t0 65% and 67-92%, respectively, in the validation cohort (Table 6 for NRS pain and Table 7

for WOMAC pain). The three newly proposed worsening sets that performed bestincorporated

smaller absolute and relative changes compared with improvement criteria. Selecting the
best performing worsening sets using the Youden Index and c-statistic yielded similar results,

which confirms the robustness of the selection. Set 7 performed best, with a sensitivity and

specificity of 59% and 74 %, respectively, when using NRS pain, and a sensitivity and specificity

of 54% and 74%, respectively, when using WOMAC pain. This set of worsening criteria that
performed best in terms of sensitivity and specificity addressed: worsening in (1) pain 2 20%
and absolute change 2 20 [in the case of using NRS pain (scale 0-10): absolute change 2 2], or
(2) function 2 10% and absolute change 2 10, or (3) PGA 2 10% and absolute change 2 1 (Figure
1). The sensitivity analysis using the imputed dataset yielded similar results (data not shown).

ingin

Worsen

Figure 1. Worsening criteria that performed best.

« pain 2 20% and absolute change 2 20 or

« function 2 10% and absolute change 2 10 or

o PGA 210% and absolute change 21

Pain and function: WOMAC scale 0-100; PGA: patient global assessment, scale 0-10

*.in case of using NRS pain (scale 0-10): absolute change > 2.
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To our knowledge, this exploratory project is the first to propose a validated set of clinical
worsening criteria for patients with knee or hip OA. These clinical worsening criteria could be
astarting point to help patients, doctors, and researchers in distinguishing patients who have
clinically worsened over time from those who have not. Evaluation of study results using these
criteria asan outcome measure in longitudinal studies could also facilitate research to predict
factors associated with symptomatic progression in knee or hip OA; thisis a recently identified
research priority area for EULAR.4®

How would we recommend the application (and further validation) of these preliminary
criteria? Dichotomized clinical worsening criteria increase the interpretability, making it
more meaningful and likely to be applied both in clinical practice and in the research setting.
Because of the elaborated insight into the performance of the different clinical worsening
criteria, a selection could be made depending on the goals for use, and also the measurement
instrument used for pain (NRS or WOMAC pain). Our newly proposed worsening criteria
are to be preferred to literature-based criteria, as they show an acceptable combination of
sensitivity and specificity. These preliminary validated worsening criteria could be used as an
outcome measureinlongitudinal studies to predict factors associated with clinical worsening.
Future research should focus on further refinement of these criteria to improve sensitivity and
specificity. However, our proposed sets of worsening criteria show similar values of sensitivity
but better specificity compared to the OMERACT-OARSI responder criteria.! Future research
should also take into account growing evidence that OA is a heterogeneous condition that
probably requires differentiation in phenotypes.#” Heterogeneity may explain, in part, the
relatively low sensitivity that we found and suggests that different PROM domains may apply
for different OA phenotypes.

Some findings of our study warrant closerinspection. An intriguing finding was that the stable
patient group, assessed by the transition scale, reported significant improvements in PROMs
on pain, PGA, and function after 3 months. This phenomenon could be due to a response shift,
influenced by the expectations of these patients. However, we deemed a period up to 3 months
long enough to allow for worsening and brief enough to minimize the risk of a response shift.
This issue warrants further research. An additional observation is that the proposed clinical
worsening criteria incorporate relatively small absolute and relative changes compared with
responder criteria, which confirms previous literature indicating that the amount of change
that patients consider important is different with worsening versus improvement. This
supports using separate values for improvement and deterioration and may indicate that
MCIW values are group specific.22¢ This confirms the need to develop separate worsening
criteria for OA. Caution is needed when interpreting and using published MCIW values,
because these values have a number of disadvantages, such as its dependency on the baseline
scores, on characteristics of the population, and on the method used for assessment. Because
of growing consensus that a single MCIW value cannot be applied across all populations,
we did not use previously published MCIW values.#®4 Furthermore, we used both absolute
and relative change scores, and the latter method is frequently used to adjust for baseline
covariates. Recent research suggests that researchers and clinicians should consider both the
final state as well as change. However, in our study, adding the final state to the sets of clinical
worsening criteria using an absolute cut-off point of the involved domains did not influence
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the results in terms of optimizing the Youden index or c-statistic (data not shown).

Ourstudy hasseveral strengths. Astringent protocol consistent with recent recommendations
for PROM validation was prepared and followed. All PROMs were targeted on the index joint,
being the most symptomatic knee or hip at baseline. We believe that our literature review
identified all relevant articles that have previously used worsening criteria, and that our
expert process rigorously developed consensus regarding criteria that should be examined to
characterize clinically important worsening of a signal joint for individual patients with knee
or hip OA. We first examined all of the expert-identified criteria for sensitivity and specificity
in a derivation cohort of more than 200 OA patients, and then tested those that performed the
best in a larger cohort of almost 300 patients. Importantly, all patients were included from
daily clinical practice, which, in our opinion, provides external generalizability of our results.
Thelast pointis especiallyimportant, because previous studies have shown differentamounts
of change in PROM values in daily practice compared to those in clinical trials.3

Some limitations of our study and of validation studies in general should be acknowledged.
Most of the patients in our reference study had knee OA, so generalizability for hip OA is
not assured. In assessing validity based on sensitivity and specificity, transition questions
completed by patients were used, often considered as a reasonable proxy for a gold standard,
which is consistent with consensus obtained at OMERACT 8.2 This method is in line with
current thinking of adding patients’ perspectives and was also used when proposing
improvement criteria.**® However, the anchor-based method has three problems with regard
to validity of the anchor.#® First, a single item is assumed to be less reliable, and thus less valid,
then a score of a multi-item instrument. Secondly, patients’ ratings on an anchor are more
highly correlated with the follow-up score than with the baseline score, and this may lead
to recall bias or response shift and could have influenced our results. Although we deemed a
time frame of 3 months long enough to detect worsening and brief enough to minimize the
risk of a response shift.?s, we cannot rule out a possible differential response shift between
the transition question and the criteria tested. A third validity problem of the anchor is that
we cannot be sure that “improved” means an important change to patients.*® For now, this
external anchor seems to be the best, taking into account the literature regarding this topic
and the available data in our study. Finally, we did not examine duration of worsening, and
future studies should take this key factor into account. If duration is also included, with,
for example, a second measurement after 1-2 weeks, the reported worsening criteria may
increase in specificity, but lose sensitivity.

Importantly, notall issues considered relevant previously in OMERACT filter 2.0 could be taken
intoaccount; forexample, the patients’ perspective, cross-cultural differences, and contextual
factors.> However, the process for developing clinical worsening criteria proved challenging,
and thus, we consider our results as an initial step towards assuring the validity of ultimately
reliable and useful clinical worsening criteria. This exploratory project could be seen as
starting point for future research that includes patient focus groups to complement expert
consensus recommendations, ideally conducted internationally, enabling identification of
cross-cultural and contextual factors to ensure a comprehensive and consensus-based list
of key domains to be measured to develop a sensitive, responsive, and reliable instrument to
measure OAworsening. Methods described by rheumatoid arthritis flare working groups may
be useful for patients to address which domains based on PROMs should be included, followed
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by an inventory of adding more objective features, such as laboratory values.s* However,
adding imaging modalities, for example, for this purpose will be difficult, because these are
known to change very slowly.?

Because the patients’ perception of change regarding longer time spans (> 3 months) in
prediction or observational studies needs to be transformed into changes in measurement
instruments to minimize the risk of a response shift, we described newly symptomatic
worsening criteria.?

In conclusion, the results from this first exploratory project proposing preliminary worsening
criteria in OA using a literature, expert opinion, and data-driven approach, showed that
previously used criteria for clinical worsening showed a large variety in definitions of clinical
worsening. Previously used criteria for clinical worsening as an outcome measure are specific
but lack sensitivity, and we showed that newly clinical worsening criteria should incorporate
relatively small absolute and relative changes compared with improvement criteria. These
criteria, indicating symptomatic worsening over time, could be used as an outcome measure
to facilitate research on prognostic factors for the symptomatic progression of OA.
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To estimate (1) the proportion of knee and hip OA patients showing worsening at 2 years, and
(2) to examine the additional predictive value of failure of optimised nonsurgical treatment
for worsening at 2 years.

Data of patients participating in the longitudinal CONTROL-PRO study (patients fulfilling
AmericanCollegeofRheumatologyclinicalcriteriaforkneeorhip OA)were used. Measurements
of pain, functioning and patient global assessments were performed at baseline,3 monthsand
2years. Worsening at 2 years was defined as fulfilling the recently validated clinical worsening
criteria forknee and hip OA, ortotal joint replacement (TJR). Logistic regression was performed
with worsening at 2 years as dependent variable.

The 297 included patients were predominantly women (66%) with a mean age of 55 years. At
2 years, 61% showed worsening (knee 59%; hip 71%) and 24% had undergone a TJR (knee 19%;
hip 51%). Clinically worsening at 3 months appeared to be a clear independent predictor for
worsening at 2 years (odds ratio (OR) 2.8 95% Cl 1.5-5.2) with a moderate discriminative ability
(area under the receiver operating characteristic curve (AUC) 0.68 95% Cl 0.57-0.70). Similar
results were obtained when only TJR at 2 years was used as outcome measure (OR 4.195% Cl
2.0-8.4) with good AUC (0.82 95% Cl 0.76-0.87).

Our findings suggest that re-assessment of symptoms after optimised nonsurgical treatment
could be meaningful in clinical decision making for TJR. Furthermore, this information could
be used toidentify subgroups of patients potentially eligible for novel and advanced treatment
options.
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Introduction

Osteoarthritis (OA) isconsidered to be the most prevalentchronicjointdisease andisone of the
leading causes of pain and disability worldwide, with knee and hip being frequently involved
joints.** Meanwhile, the incidence and prevalence of knee and hip OA is rising substantially
due to the ageing population and the epidemic of obesity which portends the associated
future economic burden.35¢ The natural course of pain and physical functioning in knee and
hip OAis highly variable: most patients have been found to remain stable, while a subset will
gradually worsen’* Both the involvement of a high socioeconomic burden as well as the
variability on the natural course, mandate thatidentification of risk factors for clinical decline
are important.® This could be used to inform both patients and healthcare professionals, to
identify patients at risk for deterioration in order to adapt treatment or to select individuals
potentially eligible for novel therapies.

Longitudinal studies on validated clinical outcomes in knee and hip OA are lacking and
therefore, little is known about the course and determinants associated with clinical
deterioration of knee and hip OA. In contrast, many studies have been performed to
determine prognostic factors for radiographic progression of knee and hip OA.%* However, a
cleardiscordance between radiographic and symptomatic knee OA has been well established.
This highlights the need to also focus on symptomatic ratherthan radiological outcomes.7:21415
Symptomatic progression of knee OA is most relevant for both patient and healthcare
professionals. Therefore, an understanding of the risk factors that predict clinical worsening
in knee and hip OA would be useful to give insight in daily clinical practice.

Validated clinicalworseningcriteria have notbeenavailable up torecently. Thisiscorroborated
by two recently published systematic reviews of prognostic factors for symptomatic
progression of knee OA, concluding that it was impossible to properly summarize the evidence
due to different ways of measuring clinical progression.’>* Recently, we validated clinical
worsening criteria that have been proposed to identify patients who have been deteriorated,
enabling longitudinal outcome studies on determinants for clinical worsening over time of
knee and hip OA*, which corresponds to the current opinion to use symptom progression as
outcome measure.2

Several international consensus-based clinical guidelines for the management of knee and
hip OA are available, emphasizing the importance and efficacy on nonsurgical treatment
modalities, which include education, exercise, step up analgesics, life style advice concerning
physical activity and advice on weight loss in patients that are overweight.” An important
issue in clinical practice would be to evaluate whether failure of optimal standardized
nonsurgical treatment, is an additional risk factor for worsening over time, beyond history
taking and physical examination. Therefore, the aims of this study are to estimate 1) the
proportion of knee and hip OA patients showing worsening at 2 years, and 2) to examine the
additional predictive value of failure of optimized standardized nonsurgical treatment during
3 months for worsening at 2 years.
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Design, setting and participants

This study is part of the longitudinal study CONTROL-PRO (Cohort Of Non-invasively Treated
Osteoarthritis of Lower Extremities— Pain, function and Radiological Outcome).®® Consecutive
patients at the rheumatology specialized outpatient clinic, carried out in the framework of a
specialized knee and hip OA outpatient clinic, were invited to participate. All patients fulfilled
the clinical American College of Rheumatology (ACR) criteria for knee or hip OA and were at
inclusion deemed ineligible for total joint replacement (TJR) by their orthopaedic surgeon. The
most symptomatic knee or hip at baseline was considered the index joint.

All patients received standardized nonsurgical treatment during the first 3 months which
included education, referral for physical therapy (aerobic and strengthening exercises), step-
up analgesics using acetaminophen based on the NRS pain (patients were contacted every
4 weeks; next step only if NRS pain > 4 unless contraindicated), followed by a first NSAID,
substitution of NSAID and tramadol thereafter), and advice on weight reduction if indicated
(goal 5% weight loss when BMI 2 28 kg/m?), as described elsewhere.*® Exclusion criteria were:
otherrheumaticorsevere orthopaedic diseasesleadingtoinflammatoryarthritisorsecondary
OA, co-morbidity exceeding the complaints or limitations of the knee or hip OA, orthopaedic
procedures planned within the next three months, or cognitive or sensorimotor problems
interfering with questionnaire completion. For the current study, patients were invited for a
follow-up visit after 2 years if they completed both baseline and 3 months follow-up visits,
and were included when they indeed completed the 2 years follow-up visit. The local Medical
Research Ethics Committee, region Arnhem-Nijmegen (The Netherlands) approved the study
design (study number 2009/095). All patients signed informed consent.

Data acquisition

Visits were scheduled at baseline, at 3 months, and at 2 years. Two year visits were scheduled
only for those patients who completed both baseline and 3 month questionnaires, and had
notundergone a TJR.Atinclusion,demographic and OA-related characteristics were collected,
using a standardized interview and physical examination as described elsewhere.®®* The
number of comorbidities was assessed using the long version of the Dutch Arthritis Impact
measurement Scales.® At baseline, erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) were measured and radiographs were assessed. To examine structural
abnormalities, knee (weight-bearing posterior-anterior fixed flexion) or hip radiographs
(both anterior-posterior supine position) were obtained. Scoring of the index joint was done
blinded for clinical data, using Kellgren and Lawrence (K&L) grading system, atlas based, by
an experienced rheumatologist.2>** Previous intraobserver reliability (kappa) for K&L score
ranged from 0.68 to 0.89 (re-scored in 20 participants.® At all visits, patients completed a
standardized set of patient reported outcomes measures.

Patient Reported Outcome Measures (PROMs)

Pain intensity and the patient global assessment (PGA) of OA impact during the last week
were measured on a 0-10 point numeric rating scale (NRS) where o equals no symptomes.
Patients also completed the Dutch Knee/Hip injury and Osteoarthritis Outcome Score (KOOS/
HOOS) questionnaire (Likert scale version).?? From the KOOS/HOOS, the Western Ontario
and McMaster Universities (WOMAC) scores can be derived, with WOMAC pain, function,
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and stiffness subscales presented as standardized scores ranging from o to 100, where 100
equals no symptoms.? Fatigue was measured at baseline and 3 months with the 8-itemed
“Subjective Fatigue” subscale of the Checklist Individual Strength (CIS).>* The total score
can range from 8-56 points where scores of 2 35 represent severe fatigue. Fear of movement
was measured with the Tampa Scale for Kinesiophobia (TSK)*, where scores > 37 represent
excess fear of movement. Mental health was measured with the mental component score and
calculated with corresponding subscales of the 36-item Short Form Health Survey (SF-36), a
widely used generic health status questionnaire comprising eight areas of health status, with
higher scores indicating better health (range 0-100).26¥

Primary outcome

Worsening at 2 years was operationalized as TJR in the index joint, or fulfilling recently
validated clinical worsening criteria for knee and hip OA: worsening in: pain 2 20% and
absolute change 2 20 or function 2 10% and absolute change 2 10 or PGA 210% and absolute
change 21 (scale 0-10) compared to baseline values.** We used two different pain outcome
measures -NRS and WOMAC- and consequently two distinct sets of worsening criteria i.e.
worsening using NRS pain and worsening using WOMAC pain, respectively. As described
elsewhere, these literature- and expert-group-based worsening criteria were first tested
in a derivation cohort (n=219) and confirmed in a validation cohort (n=296). Both datasets
incorporated observational data of patients with knee and hip OA who received multimodal
conservative treatment. This set performed best regarding sensitivity (59%) and specificity
(74%).*¢ Clinical worsening at 3 months was dichotomized similarly, but with different time
pointsi.e. change between 3 months and baseline values.

Statistical analysis

Patient characteristics, follow-up at 3 months and 2 years

Descriptive statistics were provided as mean and standard deviation (SD) or median and
interquartile range (IQR) or numbers with percentages when appropriate. T-tests or chi-
squared tests were used to compare baseline and 3 month values between patients who were
included in the current analysis and patients who were lost to follow-up and to compute
differences in knee and hip OA patients for worsening at 2 years.

Additional predictive value of failure of optimized nonsurgical treatment during 3 months

Multivariate logistic regression analyses were performed with clinical worsening at 2 years
as dependent variable. According to the TRIPOD statement, backward logistic regression
analyses-guided by the Akaike information criterion (p=0.157)-was used to build the full model
(which included only baseline independent variables) for worsening at 2 years (dependent
variable).?® Based on the literature and clinical relevance, the following independent variables
were selected: age, gender, BMI, affected joint, comorbidities, pain, PGA, function, stiffness,
CRP, fatigue, mental component scale of SF-36 and K&L score and used in developing the full
multivariable model. Separate models were run for NRS pain and for WOMAC pain, where
both the independent variable for pain and the outcome measure for pain differed. Results
are presented as odds ratio (OR) with 95% confidence interval (95% Cl). Secondly, clinical
worsening at 3 months despite optimized nonsurgical treatment was added as independent
variable to the model. For including variables, we used a rule of thumb as recommended by
various authors®, that a minimum of 10 events per variable is required to obtain a reliable and
concise prediction model. To reduce the impact of missing data, data at baseline and 3 months
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was imputed using multiple imputations to create 20 datasets and results were combined
using Rubin’s rules.3°3* The discriminatory ability of the final model was estimated using the
area under (AUC) the receiver operating characteristic (ROC) curve, which is similar to the
concordance-statistic (c-statistic). An AUC of 1 indicates perfect discrimination, while an AUC
of 0.5 indicates discrimination no better than chance. Moreover, the positive and negative
predictive values (PPV and NPV) as well as sensitivity and specificity of fulfilling clinical
worsening criteria at 3 months and worsening at 2 years were estimated. Finally, the pre- and
post-test probability was calculated and considered clinically relevant when the increase was
above 15%.323 Furthermore, we performed two sensitivity analyses; one with TJR at 2 years
as dependent variable and one on the subgroup of patients with knee OA. All analyses were
performed using STATA 13.1.

Results

Patient characteristics

No relevant and significant differences were found between the patients included in the
analyses(n=297) and the patientswho did not reply to the invitation forthe 2 years assessment
(Figure 1, n=142, 32.4%) with regard to all baseline values presented in Table 1, except for the
proportion of patients with baseline K&L 2 2 (included 74% versus not-replying 60%, p=0.06).
Three months data were available for 54 out of 142 not-replying patients and we found no
significant difference in proportion with clinical worsening between patients not-replying
and patientsincluded in the current analysis (24%; 95% Cl 22—-27% versus 28 %; 95% Cl 25-31%
respectively). The cohort consisted predominantly of women (66%), with a mean age of 55
years and median BMI of 28 kg/m? who are moderate to severely disabled by their disease
considering the relatively high scores for pain and PGA, and the high proportion of patients
showing fear of movement and severe fatigue.

Figure 1. Flowchart of patient recruitment and dropout.

I Potennally ehgible (n=439) |

—"I Mot responded (n=142) I

¥

I Completed 2 years follow-up (n=297)
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Table 1. Baseline characteristics of 297 patients with knee or hip osteoarthritis.

Sociodemographic characteristics

Age, years 55.0 (9.6)
Women, n (%) 195 (65.6)
Body mass index, kg/m?, median (IQR) 27.9 (25.3—32.9)
Duration of symptoms, years, median (IQR) 3.8(1.6-10.4)
Index joint knee, n (%) 252 (84.8)
Education, low/middle, n (%) 214 (72.1)
Comorbidities, > 1, n (%) 119 (40.1)

Clinical parameters

NRS pain (0-10) 5.9 (1.8)
NRS PGA (0-10) 6.1(2.1)
WOMAC pain (0-100) 48.8(19.2)
Function (0-100) 47.9(19.7)
Stiffness (0-100) 45.9 (23.4)
ESR (mm/h), above upper limit, n (%) 30 (12.1)
C-reactive protein above upper limit, n (%) 16 (6.5)
Severe fatigue (CIS 2 35), n (%) 114 (43.9)
Fear of movement (TSK > 37), n (%) 147 (49.5)
SF-36 mental component score (range 2-71) 51.2 (11.6)
Kellgren and Lawrence 2 2, n (%) 209 (74.1)*

Values are mean (SD) unless stated otherwise; IQR: interquartile range

NRS: numeric rating scale; PGA: patient global assessment; WOMAC pain, function and stiffness, Western Ontario and
McMaster Universities Osteoarthritis Index scale; ESR: Erythrocyte sedimentation rate; CIS: Checklist Individual Strength;
TSK: Tampa Scale for Kinesiophobia; SF-36: Short Form 36 Health Survey;

Higher scores indicate more NRS pain, worse PGA, better scores for WOMAC pain, function and stiffness, better mental and
physical health SF-36

#15 missing values

Follow-up at 3 months and 2 years

Ofthe 297 patientsin the cohort, a total of 79 (28 %) and 181 patients (61%) clinically worsened
at 3 months and 2 years respectively. A total of 71 out of 181 patients (39%) who worsened at
2 years - i.e. 24% of the whole group of patients - had undergone a TJR in the index joint on
average 1.1 years (SD o.5) after inclusion. As shown in figure 2, a higher proportion of knee OA
patients showed clinical worsening at 2 years compared to hip OA patients (40% versus 20%,
p<o0.01). However, the proportion of patients who underwent a TJR was lower for knee than
hip OA (19% versus 51% respectively, p<0.0001). We found no difference in the proportion of
patients not having worsened at 2 years between knee and hip OA patients (41% and 29%,
respectively, p = 0.13). Out of the 79 patients who showed clinically worsening at 3 months 27
(34%) had TJR, and 34 (43%) maintained to be clinically worsened at 2 years. Median BMI did
not change from baseline to 3 months and 2 years follow-up.
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Figure 3. ROC curves showing the sensitivity and 1-specificity for both the baseline model (To) and Table 4. Multivariate logistic regression model with determinants presented as OR (95% Cl) for total joint
the baseline model with clinical worsening at 3 months added (T3), for 2 different dependent outcome replacement in knee and hip OA patients.

measures at 2 years: (1) worsening (TJR or fulfilling clinical worsening criteria, Table 2), and (2) TJR (Table 4)
in patients with knee or hip OA.

Total joint replacement Total joint replacement
1.0- (using NRS pain) (using WOMAC pain)
(NyeflSl? N,,=116) (Nyes=173; N, =123)*
e
OR 95% Cl AUC OR 95% Cl AUC
06 -
Sansitivity .
04 Baseline model 0.77 0.71-0.83 0.77 0.72-0.83
Patient global assessment 1.20 1.01-1.42 115 0.98-1.36
0.3 (range 0-10)
Kellgren & Lawrencescore 22  4.32  1.66-11.26 438 1.20-3.78
0.0 (range 0-4)
oo oz D'J: .Smﬁcﬁg.ﬁ 08 10 WOMAC stiffness (0-100) 0.98  0.97-1.00 0.99 1.72-11.14
T model - worsening == -—- T3 rodel - worsenng Hip index joint 6.61 3.03-14.42 5,60 2.62-11.95
T model - TJR T3 model - TJR
Comorbidities >1 1.90 0.88-4.09
Duration of symptoms (years) 1.0 1.00-1.06 1.0 0.99-1.06
Pain was calculated using WOMAC pain. ymp b ) 3 3 29
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index scale; TJR: total joint replacement. BMI (kg/m?) 1.04 0.99-1.09
Age (years) 1.02  0.99-1.06
Table 3.2 x 2 table of clinical worsening at 3 months and worsening at 2 years.
Worsening at 2 years Baselmc.e model with clinical 0.820.76-0.87 0.820.77-0.87
worsening at 3 months
Yes No Total o .
Clinical worsening at3 411  2.00-8.48 4.06 1.98-8.34
Yes 66 19 85 months
Clinical worsening at 3 months No 115 97 212 Patient global assessment 130 1.08-1.55 1.28  1.07-1.54
Total 181 116 297 baseline (range 0-10)
Data shown as n (%) Kellgren & Lawrencescore 22 472  1.79-12.43 3.24 1.84-11.95
Positive predictive value 77.6% (95% Cl 67.1-85.7); negative predictive value 47.8% (95% Cl 39.0-52.7); sensitivity: 36.5% (95% (range 0-4)
Cl 29.5-44.0); specificity: 83.6% (95% Cl 75.389.6) Positive likelihoodratio 2.23 (95% Cl 1.41-3.51); Negative likelihoodratio 0.76 . .
(95% Cl 0.68-0.85). WOMAC stiffness baseline 0.98 0.97-1.00 0.99 0.97-1.00
(0-100)
e . . .. . Hip index joint .38 .22-16. 6.21 2.78-13.8
Sensitivity analyses using TJR as dependent outcome, yielded similar independent clear P ) 733 94 7671389
predictors for TJR: clinical worsening at 3 months, K&L score 2 2, and affected joint (Table 4). Comorbidities > 1 178 081-392
The adjusted OR for clinical worsening at 3 months for having a TJR at 2 years was 4.1 (95% Cl Duration of symptoms (years) 1.03  1.00-1.07 103 099-1.07
2.0-8.4 in NRS pain model). Overall, the discriminative ability of this model, showed a good
BMI (kg/m?) 1.03  0.98-1.08

AUC of 0.82 (95% Cl 0.77-0.87), indicating good ability to discriminate between patients with
and without TJR. Similar conclusions could be drawn for the sensitivity analyses using only Age (years) 1.03  1.00-1.06
knee OA patients (OR cllnlcally worsened at 3 months 5295% Cl2.2-11.9 and OR K&L score OA: osteoarthritis; n: number; OR: odds ratio; Cl: confidence interval; AUC: area under the ROC curve/c-statistic; NRS:

increased to 8.1 95% Cl 2.2—29.3). numeric rating scale pain; WOMAC: Western Ontario and McMaster University Index of osteoarthritis; PGA: patient global
assessment; BMI: body mass index.
*Total number of patients due to missing values WOMAC pain = 296
Higher scores indicate worse PGA, more NRS pain, and better scores for WOMAC stiffness
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To our knowledge, this is the first longitudinal study on the additional predictive value of
failure of optimized nonsurgical treatment during 3 months for worsening at 2 years in knee
and hip OA. Ourresults show that more than half of patients with established knee and hip OA
in secondary care showed worsening at 2 years, despite optimized nonsurgical treatment. We
also found that clinical worsening at 3 months is a clearindependent predictor for worsening
at2years.

How could our results be used in clinical practice? Our results could be used for patient
information and to guide both patients and (orthopaedic) surgeons in decision making about
the appropriate timing of TJR. This study adds that patients who are clinically worsened at
3 months despite optimized multimodal nonsurgical treatment, have an almost threefold
increased odds ratio forhavingworsened at2years. This correspondstoanincrease of pre-and
post-test probability from 61 to 78%. This increase is above the considered clinically relevant
cut-off of 15% improvement in probability of response after a positive test.3>3 In addition,
our worsening criteria are easy to assess in clinical practice. These advantages favour the
use of clinical worsening criteria to monitor the symptoms of patients with established OA
and suggest that patients with persisting symptoms after optimized nonsurgical treatment,
should be referred back to the (orthopaedic) surgeon to reconsider the TJR indication. This
predictor could be used to identify a more severely affected subgroup of patients that would
be eligible for TJR.34 Lastly, using clinical worsening criteria could support the identification of
subgroups of patients potentially eligible for novel and advanced treatment options.353®

A remarkable finding is the relatively high proportion of worsened patients on the short
term, compared with previous OA cohorts. This is not surprising, since most of the well-
known OA cohorts focus on early OA patients.”8°43 This difference is most likely explained
by the selection of patients who were not yet deemed eligible for TJR by their surgeon. This
homogenous population might have led to a selection of patients with a relatively high clinical
burden and may hamper the generalizability of our results. Therefore, our study population is
not representative for the general OA population, but generalizable to this more established
OA population. Therefore, future research is warranted and should aim to investigate other
OA populations and settings, for example OA populations from primary care who are referred
to secondary care.

An interesting finding is the lower proportion of TJR in knee OA patients compared to hip OA
patients, whilst the total proportion of worsened patients between knee and hip OA patients
was similar. This could be explained by the better longterm outcomes of a TJR of the hip than
the knee (for example limited lifespan, and higher risk for serious adverse events for TJR of
the knee) 38446 whereby clinicians might be more reluctant to decide for TJR in knee than hip
OA. Furthermore, as expected, K&L score turned out to be a strong predictor, especially for
predicting TR at 2 years, which might be explained by the influence the K&L score has on the
decision of an orthopaedic surgeon to propose a TJR. Moreover, a remarkable finding is the
direction of the association between baseline PGA and the probability of worsening at 2 years.
Where one might expect a worse PGAto correspond to a higher chance of worsening at 2 years,
the opposite was found. This finding might be explained by regression to the mean effect.

Chapters

Several strengths of this study should be considered. Overall, our study was well-powered
and we chose a validated dichotomous measure for worsening combining arthroplasty with
clinical worsening at 2 years incorporating the domains pain, function and PGA, the outcome
measures advised according to the current opinion to use symptom progression as outcome
measure.3 Considering our homogenous population, the results of our study seem to be
generalizable to patients with established knee and hip OA for whom decision making about
TJRisforthcoming.

Some limitations that we faced should be reflected on. First, estimated risks from prediction
models have the tendency to be overestimated and thus further validation is required. In
addition, most of the patients in our study had knee OA, so generalizability for hip OA is not
assured. Furthermore, the substantial proportion of patients not replying to our invitation
for the 2-years assessment could have influenced the results, although this seems unlikely,
considering the lack of relevant differences in most relevant baseline variables and the
similarity in proportion of replying and non-replying patients showing clinical worsening at 3
months. In addition, while the non-replying rate was quite high, it was comparable with other
OA studies in which patients are not remaining under medical treatment.® Lastly, adherence
to treatment in clinical practice is quite challenging#4® and subsequently, non-adherence
to treatment could have influenced our results. However, we can only speculate about the
potential direction. Nevertheless, given the challenge of adherence in both our study and
clinical practice, our results are more likely to be representative for daily clinical practice,
which strengthens the external generalizability of our results.

In conclusion, in light of our findings, we suggest that re-assessment of OA symptoms after
optimized nonsurgical treatment could be meaningful for both patients and surgeons in
clinical decision making for TJR. Furthermore, this information could be used to identify
subgroups of patients potentially eligible for novel and advanced treatment options.
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To explore the association between S100A8/Ag serum levels with clinical and structural
characteristics of patients with established knee, hip, or hand osteoarthritis (OA).

A cross-sectional exploratory study was conducted with 162 OA patients. Measures for pain,
stiffness,and functionincluded the Western Ontario and McMaster Universities Osteoarthritis
(WOMAC) questionnaires or the Australian Canadian Osteoarthritis Hand (AUSCAN) Index and
for structural abnormalities, osteophytes and joint space narrowing grades. The association
between S100A8/Ag and clinical or structural characteristics was analyzed using linear
regression or logistic regression when appropriate.

The mean age of the OA patients was 56 years, 71% were female, and 61% had a Kellgren
and Lawrence (K&L) score 2 2. The serum S100A8/Ag level did not differ between knee, hip,
and hand OA patients and no association was found between serum S100A8/Ag and clinical
characteristics. The serum S100A8/Ag level was negatively associated with the sum score
of osteophytes after adjusting for sex and body mass index (BMI) (adjusted B —0.015, (95%
confidence interval (Cl) —0.030 to 0.001, p = 0.062) and positively associated with erythrocyte
sedimentation rate (ESR) > 12 mm/hour (adjusted OR 1.002, 95% Cl 1.000-1.004, p = 0.049) for
eachincrease of S100A8/Ag of 1 ng/mL. For hand OA patients, a negative association of S100A8/
Ag with sum score of joint space narrowing was found (adjusted 3 —0.007, 95% Cl —0.016 to
0.001, p = 0.099).

The results from this cross-sectional exploratory study do not support an important role for
serum S100A8/Ag levels as a biomarkerforclinical and structural characteristics in established
knee, hip,and hand OA patients. The inverse association with structural abnormalities and the
positive association with ESR may reflect inflammatory synovial processes in patients with OA
before structural abnormalities occur.
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Introduction

Osteoarthritis (OA) is a chronic disease of the joint in which three tissues play a pivotal role:
articular cartilage, subchondral bone and synovial tissue. Although the pathophysiology of OA
has long been thought to be primarily cartilage driven, recent evidence shows an additional
andintegrated role of bone and synovial tissue.* Synovial inflammation corresponds to clinical
symptoms such as joint swelling and inflammatory pain, and it is thought to be secondary to
cartilage debris and catabolic mediators entering the synovial cavity.* As a result, biochemical
markers (biomarkers) of synovial inflammation could be indicators for both clinical signs and
cartilage destruction. Biomarkers are considered, among others, to aid in diagnosing OAin an
earlier stage when structural damage is limited and could still be modulated and used for in
identifying targets for disease-modifying therapies and in defining phenotypes. Despite the
increasing evidence for a role of synovitis in the pathophysiology of OA, biomarkers of synovial
inflammation have not yet been extensively studied in human OA.

The biomarker S100A8/Ag is a proinflammatory protein of the S100 family (a major leucocyte
protein also called calprotectin, myeloid-related proteins 8 and 14 heterocomplex) that is
highly expressed by synovial lining macrophages of inflamed tissue in (juvenile) RA.>3 Thus,
S100A8/A9 is released locally by infiltrating phagocytes at the site of inflammation and
may diffuse from inflamed joints into the circulation, where it can be measured in plasma.
Furthermore, S100A8/Ag is strongly expressed by synovial tissue in experimental OA and a
positive correlation with development of human early OA has been found.*

The S100A8/Ag heterodimer has been shown to be a reliable indicator of disease activity and
joint inflammation in other inflammatory rheumatic diseases, including RA, juvenile RA,
psoriatic arthritis, and spondyloarthropathy, and recently with radiographic progression in
RA.>35An elevation of thisbiomarkerhas been demonstrated in erosive hand OAand decreasing
levels were observed after joint replacement of knee and hip, indicating the possible role of
this biomarkerin OA joints.5” Thus, although S100A8/Ag has been shown to correlate well with
laboratory, clinical,and radiological assessments in several inflammatory rheumatic diseases,
with regard to OA that shows low-grade synovitis, this has yet to be established.

Therefore, we conducted a cross-sectional exploratory study to determine whether S100A8/
Ag serum levels are associated with clinical and structural characteristics in patients with
established knee, hip, or hand OA.

Methods

Patient characteristics

This study included 162 patients attending our outpatient clinic and fulfilling the American
College of Rheumatology (ACR) clinical criteria for knee, hip, or hand OA. Fifty-seven patients
with knee OA and 47 patients with hip OA were randomly selected from our observational
cohort study for patients with knee or hip OA and 58 patients were randomly selected from
a controlled trial on the effect of a multidisciplinary self-management program in people
with hand OA.2° The patients gave written consent according to the Declaration of Helsinki
and the study was approved by the local Medical Research Ethics Committee, region
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Arnhem-Nijmegen (The Netherlands, study numbers 2009/095 & 2007/260). Demographic
and OA-related characteristics were obtained using a standardized interview and physical
examination as described previously.2 On the same day, clinical data and radiographs were
assessed. Exclusion criteria were: inflammatory rheumatic diseases, cognitive or sensorimotor
problems interfering with the use of questionnaires, previous joint replacement surgery
in one of the hand joints or in the index joint regarding knee and hip, planned orthopaedic
procedures within the next 12 weeks, not able to write and/or understand the Dutch language.

Clinical characteristics

Clinical variables consisted of pain and global disease activity measured on numerical rating
scales (range 1-10), erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP). Pain,
stiffness, and function were assessed using the Knee Injury and Osteoarthritis Outcome
Score (KOOS) or the Hip disability and Osteoarthritis Outcome Score (HOOS) (Likert-scale
version) questionnaires for knee and hip OA, respectively, which include the Western Ontario
and McMaster Universities Osteoarthritis (WOMAC) index in its complete and original
format (with permission, www.koos.nu) and the Australian Canadian Osteoarthritis Hand
(AUSCAN) index for hand OA. WOMAC pain, stiffness, and function subscales are presented
as normalized scores (0-100, where 100 equals extreme symptoms) and AUSCAN normalized
subscores were transformed to scores between o and 100 by multiplying the score by 100/
maximum value of the subscore (20, 36, and 4 for pain, function, and stiffness, respectively).?
Laboratory measurement of ESR and CRP was performed on the day of examination (both
analyzed by standard in-house methodology, with upper normal levels of 20 mm/h for women
and 15 mm/h for men for ESR and 10 mg/L for CRP). Serum samples were frozen at —-80°C for
assessment of S100A8/Ag after completion of the clinical study. The complex S100A8/Ag was
measured using an enzyme-linked immunosorbent assay (ELISA), as described previously®,
with normal levels of 440 ng/mL (range 393-487), and coefficients of variation of < 11% within
and 6% between assays.

Structural abnormalities

For structural abnormalities, knee (weight-bearing posterior-anterior fixed flexion), hip, and
hand radiographs (both anterior—posterior) were obtained. Scoring of the index joint (the
left or right side, whichever gave the most complaints) was done blinded for clinical data,
using the Kellgren and Lawrence (K&L) grading system, atlas based, in five (0—4) grades by an
experienced rheumatologist. For hand OA, the mean score was used. In addition, radiographs
were scored according to the new OARSI atlas of radiographic features for hip, knee, and hand
OA® by a research physician. Sum scores of osteophyte grades and joint space narrowing at
different joint sites were obtained. Sum score of osteophytes ranged from o to 12 for knee
OA (osteophytes (grade 0—-3) at medial and lateral tibial plateaus and at medial and lateral
femoral condyles), from o to 9 for hip OA (osteophytes (grade 0-3) at superior and inferior
femoral head and superior acetabulum), and from o to 29 for hand OA (osteophytes (grade
0-3) at proximal and distal interphalangeal joints (PIP and DIP), first carpometacarpal (CMC)
joint, and the presence or absence of osteophytes at the interphalangeal (IP) joint of thumb
and naviculotrapezial joint (NTJ)). Finally, the sum score of osteophytes was normalized by
dividing the sum score by the maximum score of the joint (12 for knee, 9 for hip, and 29 for
hand OA). The sum score of joint space narrowing ranged from o to 6 for knee OA (grade 0-3 at
medial and lateral tibiofemoral compartment), from o to 6 for hip OA (grade 0-3 at superior
and medial femoroacetabular joint), and from o to 29 for hand OA (grade 0-3 at PIP and DIP
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and first CMC and the presence or absence of joint space narrowing at the IPand NTJ). The sum
score of joint space narrowing was normalized by dividing the sum score by the maximum
score of the joint (6 for knee and hip and 29 for hand OA). Intra-observer reliability (kappa)
ranged from 0.68 to 0.89 for osteophyte grading and from 0.78 to 0.94 for measurement of
joint space narrowing at the different joint sites (rescored in 20 participants).

Statistical analysis

Statistical analysis was performed using the statistical software package Stataio (StataCorp,
College Station, TX, USA). Differences between participant characteristics within knee, hip, or
hand OA were determined by analysis of variance (ANOVA) or Kruskal-Wallis one-way ANOVA
when appropriate. In case of non-normal distribution, outcome measures were dichotomized
using the median split method. The association between serum levels of S100A8/Ag
(independent) and clinical data (dependent) and structural abnormalities (dependent) was
analyzed using linear regression or logistic regression when appropriate and presented as the
B-coefficient or odds ratio (OR). Potential confounders (such as body mass index (BMI), gender,
age, duration of symptoms) were checked by calculating the correlation with the dependent
and independent variable and hereafter remaining potential confounders were added to the
association model (forward selection). Analysis of the total group and of each subgroup was
performed. For multivariate analysis, we set a < 0.10.

Patient characteristics

The mean age of the patients was 56 years, 71% were female, and 61% had a K&L score 2 2. All
baseline characteristicsare shownin Table 1. Differencesin clinical and disease characteristics
were observed between the patients in the hand group vs. patients in the knee and hip group:
hand OA patients were older, were more likely to be female, reported a longer duration of
symptoms, less pain and lower global disease activity, but scored highest on the normalized
sum score of osteophytes. No difference between patientsin the knee, hip, and hand OA group
was observed regarding BMI, pain (WOMAC or AUSCAN), stiffness, function, ESR, and CRP. The
serum levels of S100A8/Ag were comparable among the knee, hip, and hand patients.

Association between serum S100A8/Ag and clinical data and structural abnormalities
No association between the serum level S100A8/A9 and normalized pain, stiffness, or function
was found. Furthermore, in the total group, serum level of S100A8/Ag was positively associated
with ESR (Table 2), in that with every increase in serum level of S100A8/Ag by 1 ng/mL, the odds
for ESR > 12 mm/hourincreased by 1.002. Sexand BMI were identified as possible confounders.
Analysis adjusted for sex and BMI showed that S100A8/A9 was negatively associated with
the normalized sum score of osteophytes, with a B-coefficient of —0.015 for each increase
in S100A8/A9 of 1 ng/mL (Table 2). Only in the hand OA group was a negative association of
serum level of S100A8/Ag and sum score of joint space narrowing found while adjusting for
sex and BMI (B-coefficient -0.007, 95% confidence interval (Cl) -0.016 to 0.001, p = 0.099). This
association was not found in the knee and hip OA group.
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Table 1. Baseline characteristics of 162 patients with knee, hip, or hand OA.

Age (years), mean (SD) 56.0 (8.8)
Women, n (%) 115 (71)
Body mass index (kg/m2) 27.5 (24.7-31.2)
Duration of symptoms more than 5 years, n (%) 36 (22)

Clinical characteristics

Pain on numerical rating scale (0-10) 5(3-7)
Global assessment of disease activity on numerical rating scale (0-10) 7(5-8)
Pain, WOMAC or AUSCAN normalized score (0-100 (extreme symptoms)) 55 (30-70)
Stiffness, WOMAC or AUSCAN normalized (0-100 (extreme symptoms)) 63 (38-75)
Function, WOMAC or AUSCAN normalized (0-100 (extreme symptoms)) 56 (32-75)
Erythrocyte sedimentation rate (mm/h) 12 (7-18)
C-reactive protein < 5 mg/L, n (%) 132(89)
Serum level S100A8/Ag (ng/mL) 335 (240-460)
Knee OA patients (n =57) 330 (250-470)
Hip OA patients (n = 47) 330 (230-470)
Hand OA patients (n = 58) 350 (230-450)
Kellgren and Lawrence < 2 (n = 63) 360 (240-480)
Kellgren and Lawrence 2 2 (n = 97) 330 (240-420)

Structural abnormalities

Kellgren and Lawrence 2 2, n (%) 97 (61)
Sum score of osteophytes, normalized score (range 0-100) 22.2(8.3-33.3)
Sum score of joint space width, normalized score (range 0-100) 33.3(16.7-50.9)

Data are shown as median (interquartile range) unless stated otherwise.

BMI, Body mass index; K&L, Kellgren and Lawrence; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

Sum scores were normalized by dividing the sum score by the maximum score of the joint (osteophytes knee 12, hip 9, hand
29 and joint space width knee 6, hip 6,and hand 29).
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Table 2. Association of serum levels of S100A8/Ag in ng/mL with clinical characteristics or structural
abnormalities expressed as B-coefficient or odds ratio (OR) for each increase in S100A8/Ag with 1 ng/mL
with 95% Cls and p-values adjusted for sex and BMI in patients with knee, hip, or hand OA.

Dependent variable B-coefficient or OR 95%Cl p-value

Clinical characteristics

Pain 0.007 -0.118 t0 0.026 0.52
Stiffness 0.005 -0.014 t0 0.023 0.62
Function 0.001 -0.018t0 0.020 0.94
ESR (» 12mm/h) 1.002 1.000-1.004 0.049
CRP 0.003 -0.001t0 0.007 0.18

Structural abnormalities
Sum score of osteophytes* -0.015 -0.030t0 0.001 0.06

Sum score of joint space width* -0.000 -0.022 t0 0.022 1.00

BMI: body mass index; C;, confidence interval; ES;, erythrocyte sedimentation rate; CRP:, C-reactive protein.
*X-rays of 14 patients were missing for logistic reasons or because patients declined to have an X-ray.

Discussion

To our knowledge, this cross-sectional study is the first to show that S100A8/Ag serum levelsin
patientswithestablished knee, hip,andhand OAare notassociated withclinical characteristics
regarding pain, stiffness, and function, but are positively associated with ESR and negatively
associated with the sum score of osteophytes. Furthermore, in the hand OA group, the S100A8/
Ag serum level showed an inverse relationship with the sum score of joint space narrowing.
In our OA population, serum levels of S100A8/Ag9 were comparable among the knee, hip, and
hand patients. Our results do not support an important role for serum S100A8/Ag levels as a
biomarker for clinical and structural characteristics.

We did not observe an association between S100A8/A9g serum levels and pain, stiffness, and
function in knee, hip, or hand OA despite increased expression of S100A8/Ag by synovial
tissue in experimental OA4 and in synovitis in RA.2 However, the positive association found
between serum level of S100A8/Ag and ESR underlines the finding that S100A8/Ag may reflect
inflammatory synovial processes in OA.* Furthermore, the inverse association between serum
S100A8/Ag levels with structural abnormalities in this established OA population may reflect
aninverse temporal relationship, with active inflammatory synovial processes in patients with
OA before structural abnormalities occur. This finding is in line with previous studies showing
that high levels S100A8/Ag may predict joint destruction in patients with early symptomatic
OA4 and that S100A8/A9 might only have a role in early cartilage damage, as S100A8/Ag does
not have a sustained role in cartilage degradation in experimental OA.:

Ourresults seem to be in contrast with the previously described positive association between
S100A8/A9 serum level and CRP and between S100A8/Ag serum level and joint damage in
patients with RAand psoriatic arthritis.>* As the inflammation in RAis more severe thanin OA,
as indicated by 89% of our OA population having a CRP within the normal range, the lack of
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association between S100A8/Ag serum level and CRP might well be a floor effect. As the ESR is
less specific forinflammation compared to CRP and may be influenced by other factors such as
obesity, further research is necessary to examine the association between S100A8/Ag serum
levels and acute phase reagents in OA. Moreover, in animal experimental studies it has been
shown that S100A8 and S100Ag both have strong cartilage-degrading properties.’ There could
be several explanations for this apparent discrepancy. First, we measured S100A8/Ag only in
serum and notin synovial fluid, which might have given a more accurate representation of the
local expression of S100A8/Ag. However, measuring the level of S100A8/Ag in synovial fluid as
a biomarker would not be easy to perform in daily clinical practice. S100A8/Ag serum levels
probably reflect the synovial inflammation in OA, which is rarely as severe as in RA.* Although
S100A8/Ag serum levels in OA are much lower than, for example, in RA, it is conceivable
that serum levels of S100A8/Ag in OA do not necessarily increase if local concentrations in
the synovial fluid are mildly elevated.? However, a strong correlation was found previously
between the levelsin synovial fluid and plasmain juvenile idiopathic arthritis.2 Finally, it could
be that cartilage and bone destruction in OA occur through a process independent of S100A8/
A9.

Our study has several limitations. First, differences in patient and disease characteristics
could have masked associations between S100A8/Ag serum levels and clinical or structural
characteristics. Furthermore, interpretation of subgroup analyses was hampered by limited
power. Lack of precision could therefore also be an explanation for absence of an association
between serum levels of S100A8/Ag and clinical characteristics. However, power calculations
show that, given our sample size, a correlation of 0.30 (and 0.40 for each subgroup) could be
detected with a power of 80%. Therefore, we consider that clinically important associations
should have been detected. Second, because this is a population with established OA, the
associations in patients with very early OA might be different, especially because the results
may reflect an inverse temporal relationship with an active inflammatory synovial process
in patients with OA before structural abnormalities occur. Third, we included OA patients
with main complaints of knee, hip, or hand, but the number of joints involved and the
possible presence of generalized OA were unknown in these patients. Recently, more than
half of patients with knee OA were shown to have generalized OA* and patients with hand
OA reported considerable levels of disease impact across localizations?; hence the possible
presence of generalized OA could have decreased the precision of our results as well. However,
this possible involvement of generalized OA, along with the known occurrence of hand OA
with OA at othersites®, indicates that systemic factors may play a role and therefore supports
combining knee, hip. and hand OA together.

The results from this cross-sectional exploratory study do not support a role for serum S100A8/
Ag levels as a biomarker for severity of clinical symptoms and structural abnormalities in
established knee, hip, and hand OA patients. The inverse association with the sum score of
osteophytes and joint space narrowing and the positive association with ESR support the
previous finding that S100A89/Ag9 may reflect inflammatory synovial processes in patients
with OA before structural abnormalities occur,and warrant furtherexplorationin longitudinal
studies.
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Low-dose radiotherapy (LDRT) has been widely used for treatment of non-malignant disorders
since its introduction and animal studies show anti-inflammatory effects in osteoarthritis
(OA). However, the evidence for its effect in clinical practice remains unclear. Therefore, the
aim of this study is to systematically summarise the literature on effectiveness of LDRT on
pain and functioning in patients with OA and its safety.

Broad search terms were used to search PubMed, EMBASE, and Web of Science. Primary
inclusion criteria were: osteoarthritis as indication, radiotherapy as intervention, written in
English, German or Dutch, and published since 1980. Study quality was assessed using the
EPHPP Quality Assessment Tool for Quantitative Studies (scale: strong, moderate, weak).

Seven studies were suitable for inclusion, all with retrospective uncontrolled observational
design. Methodological quality of all studies was judged as weak. Most studies used 2-3
RT-sessions per week for 2 weeks, some with booster session after 6 weeks. Generally, non-
validated single-item measurement instruments were used to evaluate the effect of LDRT
on pain and function. Across the studies, in 25-90% and 29-71% of the patients pain and
functioning improved, respectively. Side effects were described in one study, none were
reported.

Ourresults show that there isinsufficient evidence for efficacy or to confirm the safety of LDRT
in treatment of OA, due to absence of high-quality studies. Therefore, a well-designed, sham-
controlled and blinded randomised trial, using validated outcome measures is warranted to
demonstrate the value of LDRT for OA in clinical practice.
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Introduction

Osteoarthritis (OA) is the most prevalent form of joint disease. For example, it is estimated
that up to 20% of the population of the United States is affected.* In OA, the volume and the
quality of cartilage is decreased due to an imbalance in breakdown and synthesis of cartilage.
Although the exact aetiology of OAis unknown, it is now clear that ligaments and subchondral
bone are affected and thatinflammationisinvolved.>*OAis characterised by pain and stiffness
in affected joints, resulting in limitations in physical functioning and a loss of health-related
quality of life.5¢ The disease develops progressively, but symptoms might remain stable oreven
improve.” Known risk factors for the development of OA are old age, genetic predisposition and
increased body mass index.®°

Sincethereisnodisease-modifyingtreatmentavailable,currentOAtreatmentissymptomatic.*
Treatments can be categorised into non-surgical (e.g. education, exercise, insoles, braces and
acetaminophen or NSAIDs use) and surgical treatments. However, effect sizes of non-surgical
treatment options are small to moderate.> When non-surgical treatments do not result in
satisfactory reduction in complaints, surgical options are often considered, with total joint
replacement (TJR) as the most common option. Although TJR is effective in improving pain
and function, there are several drawbacks in surgical treatments: it is associated with risk for
complications, itis a costly procedure, and implants have a limited life time.¢ Furthermore,
in approximately 5% of the patients, surgery cannot be performed due to comorbidities and
the absence of patients’ willingness to have TJR.” Considering this, the need for additional and
more effective non-surgical treatments is evident.

A potential target for OA treatment may be synovial inflammation. Recent research suggests
a crucial role of inflammation in OA pathogenesis. Inflamed synovium is thought to produce
catabolicand pro-inflammatory mediators which, consequently, alter the balance of cartilage
matrix degradation and repair, leading to excess production of enzymes responsible for
cartilage breakdown.* This cartilage alteration, in turn, amplifies synovial inflammation,
resulting in a vicious circle.* Ultrasound research has shown that inflammatory features as
effusion, synovial thickening, and positive power Doppler signal are presentin 96-100% of the
patients with hand OA® and in 40-65% in patients with knee OA® 2 It could be hypothesised
that when these inflammatory factors are reduced, the vicious cycle of inflammation and
cartilage breakdown in OAis broken, and that pain and functioning improve. Recent evidence
from both in vitro and in vivo studies shows that treatment with external beam radiotherapy
(RT) in a low-dose (LD) has an anti-inflammatory effect in OA animal models.> Therefore, low-
dose radiotherapy (LDRT) may be a promising non-surgical treatment option for OA. Although
no definition of LDRT exists, in this paper, “low-dose” is added to “radiotherapy” to distinguish
the dosage used for treatment of OA from the dosage used for treatment in oncology, which is
typically 5-10 times higher.

RT has been used in various dosages for treating non-malignant disorders, including OA, since
its introduction in the late nineteenth century.?>24 A survey of radiotherapy institutes across
the world has shown that LDRT is more commonly used as treatment for OAin eastern Europe,
compared towestern Europe and North America (85%Vvs. 23%, respectively).* Asthe technique
has improved over the course of time (e.g. smaller radiation fields, new radiation equipment,
and lower doses), the treatment of symptomatic OA with radiotherapy has become more
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acknowledged within the professional community of radiotherapists in the West, resulting
in increased use of this modality.?** However, despite the high acceptance in certain parts of
the world, the use of LDRT as treatment for OA is not well documented. Nonetheless, a survey
among RT departmentsin Germany reported that over 9000 patients with OA are treated with
LDRT every year, in order to relieve their pain, and that this number almost tripled over 5-8
years.®

However, despite widespread use of LDRT in the treatment of OA, the evidence on the effects
of LDRT on pain and functioning in patients with OA remains unclear. Therefore, the aim of the
currentstudy is to provide a systematic review of the literature on the effectiveness and safety
of LDRT on pain and functioning in patients with OA.

All studies investigating the effect of external beam radiotherapy on pain and/or functioning
in patients with OA were collected for this study. No distinction was made in OA location
or duration of complaints. Studies published prior to 1980 were excluded to improve
extrapolation of results to the current clinical practice, as relatively recent technological
advances have improved target volume definition and accuracy of radiation dose delivery.?
Recommendations for reporting systematic reviews and meta-analyses (PRISMA) were
followed in the current study.®

Eligibility criteria: inclusion and exclusion

Studies were eligible if they aimed to treat OA, the intervention was external beam
radiotherapy, the effect of the radiotherapy intervention on pain or functioning was assessed
and if publication type was “journal article” Studies were excluded if no primary data were
presented, if written in a language other than English, German or Dutch, or published prior
to 1980. Selection of studies was unrestrained with regard to radiation source, radiotherapy
protocol, study design, presence of control group, and outcome measures used to assess pain
and functioning.

Literature search

A computerised search, with broad search terms was performed in the PubMed, EMBASE,
and Web of Science databases on 20 April 2015. The search was based on (Medical) Subject
Headings (PubMed, EMBASE), Topics (Web of Science) and matchesin title, abstract and article
text for the terms osteoarthritis, degenerative joint disease, radiotherapy and irradiation
or synonyms. Broad search terms were used to minimise the chance of missing relevant
publications. The full search strategy is available in supplementary data. Additionally, the
reference lists of eligible publications were scanned for potentially eligible publications,
missed by the computerised search.

Selection procedure

First, titles of the publications found by the literature search were screened for possible
eligibility by MM and CvdE. Second, if titles were inconclusive, abstracts — and when still
inconclusive full text versions — were retrieved for further analysis. In case of disagreement,
the eligibility of the study was discussed until full agreement was reached.
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Data extraction

A predefined, self-designed data extraction form was used to support data extraction from
included papers. This form included items on study characteristics (year of publication, study
design), intervention (dose, frequency, irradiated area and size), patient characteristics (OA
location, number, age, gender, duration of complaints), outcome measures, results and safety.
When results for different musculoskeletal disorders were reported, only results of patients
with OA were extracted and are presented in this study.

Study quality

Methodological quality of included publications was assessed independently by MM and
CvdE, using the EPHPP Quality Assessment Tool for Quantitative Studies.® This tool assesses
eight different domains: selection bias, study design, confounders, blinding, data collection
methods, withdrawals and drop-outs, intervention integrity and analyses. Combining all
domains, every publication was rated on a three-level scale: strong (no weak ratings in all
domains), moderate (one weak rating in all domains) or weak (two or more weak ratings in
all domains). In case of disagreement on quality domains, the study was discussed until
consensus was reached.

Best-evidence synthesis

To merge results of the included studies, a best-evidence synthesis (BES) was performed for
both outcome measures pain and functioning. With use of this synthesis, the conclusion
of this review will be based on results of the studies with the highest quality, as previously
described.® In this BES, not only randomised controlled trials (RCT’s), but also non-controlled
designs as observational studies can be enclosed. The different possible levels of evidence are
shown in Table 1.
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Table 1. Best evidence synthesis, possible levels.

Provided by consistent, statistically significant findings in outcome measures in at least two high quality RCT’s

Strong evidence

Provided by consistent, statistically significant findings in outcome measures in at least one high quality RCT and at least one low

quality RCT or high quality CCT

Moderate evidence

Provided by statistically significant findings in outcome measures in at least one high quality RCT

Limited evidence

Or

Provided by consistent, statistically significant findings in outcome measures in at least two high quality CCT’s (in absence of high

quality RCT’s)

Provided by statistically significant findings in outcome and/or process measures in at least one high quality CCT or low quality RCT (in

absence of high quality RCT’s)

Indicative findings

Or

Provided by consistent, statistically significant findings in outcome and/or process measures in at least two OD’s with sufficient quality

(in absence of RCT’s and CCT’s)

In the case that results of eligible studies do not meet the criteria for one of the above stated levels of evidence

No orinsufficient evidence

Oor

In the case of conflicting (statistically significant positive and statistically significant negative) results among RCT’s and CCT’s

Or

In the case of no eligible studies

RCT: randomised controlled trial; CCT: controlled clinical trial; OD: design other than controlled designs

Chapterz

Results

The computerised search generated 8865 hits; 6881 publications remained after duplicates
removal. Screening of titles, abstracts and full text articles resulted in eight eligible
publications.3*3 However, two publications reported the same results from the same
study.” 38 Therefore, the most recent publication was excluded3, resulting in seven included
publications (Figure 1).

Figure 1. Flow diagram of study selection.

8865 records identified through 0 records identified through
database searching other sources

—>| 6881 records after duplicates removed 44

b

6881 records screened : )I 6848 records excluded |

26 full-text articles excluded

LA

- Howmre gver

33 full-text articles
assessad for eligibility

o U ited States 83

1 densble pusbil i aeiesal 3]

7 studies included in study

Study characteristics and results are shown in Table 2. All studies had a retrospective
observational design, without a control group. Included patient populations varied between a
homogenous group of patients with OA at one location 3%, a heterogeneous group of patients
with OAatdifferentlocations32¥, and study samples of patients with different musculoskeletal
disorders.3+3¢ However, none of the studies described the criteria for diagnosis. In total, 2164
OA patients received LDRT in the included studies (i.e. 1867 knee, 133 shoulder, 96 hip, 49
spine, and 19 thumb). In general, patients were between 50 and 70 years of age, about 2/3
was female and duration of complaints varied from less than half a years* to 15 years¥. Two
studies reported about radiological OA severity of included patients.3”3® Both used OA grade
according to Kellgren and Lawrence.33%% The population’s baseline level of pain was not
reported in any of the included studies; the baseline level of functioning was reported in one
study.?* Eighty-five percent of their population had movement restrictions (14, 62, and 9%
for minor, moderate and complete movement restriction, respectively). As intervention, four
studies used two 3*343¢ and one study used three 3 LDRT sessions per week for 2 weeks. In one
study, the frequency of sessions varied between one and five times per week 3 and one study
did not report on the frequency of LDRT sessions.3 One study used a booster repeat after 6
weeks, when the initial effect was not satisfactory. Overall, a dose of 0.5-1.0 Gray (Gy; 1Gy =1
joule of absorbed energy per kilogram) per session was applied, with a total dose of 3.5-6.0 Gy.
Five studies presented short-term follow-up results (£ 3 months)33339, including assessments
directly after intervention 373539; while three studies presented long-term results (> 3 months).
323637 The quality of all included studies was considered weak. In particular, the domains of
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confounding, blinding and data collection were considered weak over studies. The rating of
study quality per study per domain is available in supplementary data.

Pain

In general, non-validated single-item measurement instruments were used to evaluate
the effect of LDRT on pain. The rating score according to Von Pannewitz® was used in three
studies.?»739 With this rating score, improvement of pain was rated on a five-point scale: now
painless, markedly improved, improved, stable and worse. Comparable non-validated scores
(e.g.three-item transition scales: (1) complaint free,improved, no change; (2) no improvement,
good effect, excellent effect) were used in the other four studies33¢ On the short term,
decrease in pain, as indicated by transition scale, was observed in 13-90% of the patients,
whereas long-term analgesic effects were observed in 44-87% of the patients. However, no
studies with sufficient quality were retrieved. Thus, according to the BES, there is insufficient
evidence for a positive effect of LDRT on pain.

Functioning

The effect of LDRT on functioning in OA was assessed by three studies.3%33 |n the study of
Keilholz et al.¥, joint specific scores were used as outcome measures: Harris hip score for
hip OA, Constant score for shoulder OA, Japanese Knee-Score, Tegner-Lysholm-score and
Insall-Knee score for knee OA and a self-developed score for thumb OA. Depending on the OA
location, improvement in functioning was reported in 55 (thumb) to 71% (hip) of the patients
treated with LDRT. Sautter-Bihl et al. reported results on improvement of mobility.®*® No
further specification was given. Their results suggest that 81and 72% of the patients improved
in mobility, for shoulder and knee OA, respectively. Keller et al. asked included patients about
ability to move in a three-level classification in a survey, 2—-14 years after intervention.® They
report improvement in 39.8% of the patients; 56.5% remained stable, and 3.7% reported
worse ability to move. However, no studies with sufficient quality were retrieved. Therefore,
according to the BES, there is insufficient evidence for a positive effect of LDRT on functioning.

Side effects

Of the included studies, two report on the possibility of side effects on the short term3%%7; one
of those explicitly reported that no side effects were observed on the short-term ¥, and the
other did not present data on short-term side effects.3 Potential long-term side effects were
discussed by four of the included studies, but no results were presented. 3333739 According to
the BES, there is insufficient evidence for the safety of LDRT as treatment for OA.

Table 2. Study design, patient characteristics, outcome measures and results

Functioning

Duration of Follow up Pain

Gender (% AgexSd(years) Radiological OA
severity

Patients (OA, n)

Intervention

Design

Publication

complaints

male/female)

Results

Results Outcome

Outcome

measures

measures

Knee score:
29.1/100;

average of 4.2

years

<8 weeks:10%
8wks-6mnts:

87% between 50

and 80

Knee: 21/79
Hip: 25/75
Spine: 39/61

Degenerative joint

1.00r2.0Gy
2x/week illness:

Retrospective

Lindner 19823

Average score,
according
to foll

observational; no
control group

57% improved
Hip score:
22.5/100;

ing

4-114 months

]
8
<
M
<]
©
=
s
[

>

[€)
)
a

categories:
Free of

0.5-2.0yrs: 28%
2.0-5.0yr5:17%
>5.0yrs:12%

Shoulder: 58/42

Spine: 49

44% improved
Spine score:
38.6/100;

complaints: 100
Significantly

Shoulder: 42

Shoulder score:
76% improved
Total score:
31.9/100;

61% improved

74% improved
43.1/100;

Notinfluenced: o

improved: 60
Improved: 30

Direct after 1) Free of Direct:
1) 8%;

therapy;

Retrospective 0.50r1.0Gy OA of Knee: 290 28/72 63 (61t0 70) <1year:47%
>1year: 44%

Keinert 19823

complaints;
2) Better;

Totalof 6to 8

times

observational; no
control group

6 weeks after
therapy

unknown: 9%

2)56%;
3)36%

3) No change

Total dose: 3.0 to

8.0Cy

6 weeks:
1)38%;
2)43%;
3)19%

Knee OA:
1)3.8%

1) excellent

effect

Immediately

OAof Knee: 341 32/68 (not 64%12.4

OAof Hip: 32

1,20r4fields,
dependingon
localisation

Retrospective

Yaneva 1986 3¢

2)87.2%
3)10.0%
Hip OA:
1)125%

2) good effect
3) effect absent

after treatment

(not specified for

OAlocation

specified for OA

location)

387x10-4 C/kg

per field;

2x/week
Totalof 6to 8

times

observational; no
control group

2)68.8%
3)18.8%

£2064x10-4 C/kg

Total dose:
per field
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Thisreviewisthefirstto systematically summarise the literature on the effects of radiotherapy
onpainandfunctioningin patientswith OA.Ourresultsshowthatthereisinsufficientevidence
for a beneficial effect on pain or function, or to confirm the safety of LDRT in treatment of
OA, due to the absence of studies with acceptable quality. Only studies with a retrospective,
observational design and without a control group were retrieved from our search.

It is striking that, despite insufficient scientific evidence, LDRT is broadly applied as therapy
for OA in large parts of the world, because although it may be effective, LDRT is not without
possible disadvantages. First, there is patient exposure to radiation. So far, no data have been
reported on the long-term side effects of LDRT. However, the risk has been estimated, based
on mathematical models. RT dosed at 6 Gy for OA of the knee joint appears to relate to an
effective dose of 13 mSv (comparable to a routine abdomen-pelvis CT-scan®) and an average
attributable lifetime risk for an induced fatal tumour about 0.7 in thousand patients treated
atthe age of 50 (0.3 in thousand patients treated at the age of 75). When more proximal joints
(e.g. hip or shoulder) are irradiated, exposure to more susceptible tissues (e.g. bone marrow
or intestine mucosa), and thus the risk for tumours, will increase. Secondly, LDRT is relatively
costly and complex, as multiple medical professionals are involved (e.g. radiotherapist,
physicist, technologist) and radiotherapy equipment in a safe environment is required.
Considering these disadvantages, it could be considered unethical to expose patients to LDRT
when clearscientificevidence fora positive effectin clinical practice is absent. We believe that
treatment with LDRT only has a place in clinical practice if its effect size is proportional to the
disadvantages and compares favourably to other treatment modalities. Furthermore, LDRT
should at first only be used as treatment in patients not responding to generally-accepted
non-surgical treatments (e.g. pharmacological treatment and physical therapy). When these
requirements are met, the number of patients needed to treat, to relieve complaints in one
patient, will be low and unnecessary exposure to radiation will be minimised.

Despite the low scientific evidence for efficacy in clinical practice, multiple studies in
animal models, investigating the underlying working mechanism of LDRT on OA, have been
performed. The results have been summarized by Arenas et al.>* They conclude that LDRT is
able to decrease both clinical inflammatory parameters and improve histological markers.
Overall, it is suggested that LDRT is able to reduce the inflammatory factors associated with
OA and break the vicious cycle of cartilage break down. Paradoxically, this effect of LDRT is
opposite to the effect of high-dose RT, as applied in treatment of malignant diseases, where
DNA is damaged, resulting in apoptosis.®®

In light of the above, a high-quality RCT of LDRT in OA patients is warranted to overcome the
followingissueswith the currentdata. Firstly, the included studies had no blinding and control
group. Therefore, their positive results could be the result of placebo effect and regression to
the mean, which are known to be substantial in OA patients.® Additionally, known factors
that are associated with higher placebo effects are present here, including more frequent
intervention sessions and increased invasiveness.” Thus, it is conceivable that the positive
effects of multiple sessions of LDRT, reported by studies included in this review, could (to a
large extent) consist of placebo effect and regression to the mean. Secondly, included studies
did not describe the patient population clearly. For example, it is unclear what definition of
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OA was used and what the baseline levels of pain were in the include studies. Therefore, it
is difficult to extrapolate the results to well-defined populations as OA according to the
American College of Rheumatology classification criteria for hand, hip, or knee OA7*73 Thirdly,
novalidated outcome measures were used.All studies used transition scales for pain, eitherthe
rating score according to Von Pannewitz or comparable transition scales, ignoring the levels of
pain before the intervention. Therefore, the interpretation of the results is problematic.

There are some limitations to this review. First, our search excluded studies published prior to
1980. Therefore, there is a possibility that early high-quality studies exist and are notincluded
in this review. Nonetheless, this restriction was chosen to improve generalisability of the
results from this review to the current clinical practice. Radiation techniques, doses and field
sizes have changed over time, and studies from the early days of radiotherapy research are
likely not be comparable from later ones. For instance, two RCT’s investigating the effect of
LDRT on patients with OAwere published in the 19705747 In both studies, the therapy consisted
of three RT sessions, with a dose per session ranging between the equivalent of1-2.5 Gy. When
comparing this to the recent German guidelines for radiation therapy of painful degenerative
skeletal disorders™, only half the number of currently advised sessions were applied.
Furthermore, the dose per session was up to five times higher than recommended nowadays.
Overall, early studies tend to use higher dosed radiotherapy, while the anti-inflammatory
effects are seen due to low dosages. Second, the Quality Assessment Tool for Quantitative
Studies, that was used as a tool for scoring methodological quality, is a non-precise tool with
only three possible scores (strong, moderate and weak).>> Nevertheless, it is highly unlikely
that the conclusion of this review would be different if another quality assessment tool was
used.

Conclusion

Although widely used and based on pathophysiological work, there is insufficient evidence for
a positive effect of LDRT on pain and functioning in OA patients, due to the absence of high-
quality studies. Therefore, a well-designed, sham-controlled, blinded, randomised trial using
validated outcome measures is warranted to justify the use of LDRT as treatment for OA in
clinical practice.
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Supplementary file 1. Search strategy.
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exp osteoarthritis/
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*arthrosis deformans/
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exp arthritis/
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degenerative arthritis.af.
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Osteoarthritis (OA) is a serious health problem, being the most prevalent chronic joint disease
andoneoftheleadingcausesof painanddisability. Low-dose radiation therapy (LDRT)iswidely
used as OA treatment in some parts of the world. To identify the evidence for this treatment
in clinical practice, we performed a systematic literature review, which was published in
2015. For this review, broad search terms were used to identify publications from 1980 and
later, written in English, German, or Dutch, indexed in PubMed, EMBASE, and Web of Science.
Primary inclusion criteria for studies were osteoarthritis as indication and radiotherapy as
intervention, in title, abstract, and/or article text. Search terms used were osteoarthritis,
degenerative joint disease, radiotherapy, and irradiation or synonyms. Seven clinical studies
were suitable for inclusion, showing a reduction in pain in 25-90% and an improvement in
functioning in 29—71% of the patients. The methodological quality of included publications
was assessed independently by two researchers, using the EPHPP Quality Assessment Tool
for Quantitative Studies. The methodological quality of all studies was judged as weak (no
blinding, retrospective design, uncontrolled studies, and non-validated single-item outcome
measures). Therefore, we concluded that there is insufficient high-level evidence available
to indisputably demonstrate the effectiveness of LDRT in OA patients. In addition, two low-
quality randomised controlled trialsin OA patients were published in the 1970s and showed no
effect of a higher dose radiation therapy than recommended in current guidelines. Therefore,
high-quality research is needed, and we performed this randomised, double-blinded, sham-
controlled trial using validated outcome measures.

This is the first high-quality study. We found that treatment with LDRT does not lead to a
substantial reduction of symptoms when compared with sham treatment. In addition, no
changes in subclinical inflammatory signs assessed by ultrasound, magnetic resonance
imaging, and serum inflammatory markers were observed.

To the best of our knowledge, this is the first high-quality randomised controlled trial on
the effectiveness of LDRT on symptoms and inflammatory signs in knee OA. We found no
substantial reduction in symptoms after treatment with LDRT in knee OA. In view of the
absence of other high-level quality evidence in favour of LDRT, we advise against its use as
treatment for knee OA. Because LDRT is still widely used in some countries, future efforts
should focus on de-implementation of LDRT, by changing beliefs of both patients and involved
clinicians about the efficacy of LDRT.

Low-dose radiation therapy (LDRT) for benign disorders such as knee osteoarthritis (OA) is
widely used in some parts of the world, despite absence of controlled studies. We evaluated
the effect of LDRT on symptoms and inflammation in knee OA patients.

Inthisrandomised, double-blinded, sham-controlled trial (RCT), we recruited knee OA patients
from the community and one outpatient clinic in the Netherlands. Key eligibility criteria
were: age 2 50 years, fulfil clinical ACR knee OA criteria, pain score 2 5/10, and non-response
to analgesics and exercise therapy. We randomly assigned patients 1:1 to receive LDRT (1 Gray
per fraction) or sham intervention six times in 2 weeks, using a web-response system (block
size 2,4,6 stratified by pain [>8 versus 28/10]. The primary outcome was the proportion of
responders, according to the OMERACT-OARSI criteria, 3 months post-intervention. Secondary
outcomesincluded inflammatory signs assessed by ultrasound, magnetic resonance imaging,
and serum inflammatory markers. Patients and investigators, including those assessing
outcomes, were masked to treatment assignment. Intention-to-treat analyses were
performed. This trial is registered with the Dutch Trial Register, number NTR4574.

From October 2015, through February 2017, we randomly assigned 55 patients: 27 (49%) to
LDRT, and 28 (51%) to sham. At 3 months post-intervention, 12/27 patients (44%; 95% Cl 26—
63%) in the LDRT versus 12/28 patients (43%; 95% Cl 25-61%) in the sham group responded;
difference 2% (95% Cl -25—28%, p=0+9), odds ratio adjusted for the stratifying variable was
1+1(95% Cl 0+4-3-2, p=0-9). No differences in any of the inflammatory signs were observed.

We found no substantial benefit of LDRT in knee OA patients, neither for the clinical symptoms,
nor for the inflammatory signs. Therefore, based on this RCT and the absence of other high-
quality evidence, we advise against the use of LDRT as treatment for knee OA.
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Osteoarthritis (OA) is considered to be the most prevalent chronic joint disease and is one of
the leading causes of pain and disability worldwide, with the knee being the most frequently
affected joint.*? Since there is no disease-modifying treatment available, current knee OA
management is symptomatic. However, in general, limited effect sizes for the non-surgical
treatments and therapies of knee OA have been shown.3 When non-surgical treatments do
not result in satisfactory reduction in symptoms, surgical options are often considered, but
for many knee OA patients, total knee replacement (TKR) is not (yet) an option, considering
the balance between the potential benefits and drawbacks. In general, TKR has good clinical
outcomes.4 However, given the potential drawbacks with regard to the proportion of patients
being dissatisfied after a TKR, the risks of complications, the limited lifespan of a prosthesis
and poorer patient outcomes after revision arthroplasty, it is generally acknowledged that
TKR should not be performed too early in the disease course.*s Furthermore, it was recently
shown that the current practice of total joint replacement in the U.S.A. had minimal effects on
quality of life and quality-adjusted life years at the group level.c Therefore, there is a clear need
for more effective non-surgical knee OA treatment options.

Although OA is considered a clinically non-inflammatory condition in general, subclinical
synovial inflammation is prevalent, and it has been suggested to play an importantrole in the
pathophysiology of the disease.>”® Furthermore, recent studies have suggested that synovitis
in knee OA might play a more significant role than previously thought, since it is associated
with pain and structural damage.®** Thus, synovial inflammation may be a potential target for
therapeutic approaches.

Previousinvitroandinvivostudiesof OAinanimal models have shown that low-dose radiation
therapy (LDRT) exerts anti-inflammatory effects.® LDRT may be an additional non-surgical
treatment option for knee OA patients in whom non-surgical interventions are insufficiently
effective and for whom surgical treatments are not (yet) an option. LDRT is indeed widely
used for benign disorders such as knee OA in some parts of the world, but this procedure
is relatively unknown in other parts.**s However, our recent systematic literature review
showed that there is currently insufficient evidence available to demonstrate indisputably
the effectiveness of LDRT in clinical practice, due to the absence of high-quality studies with a
randomised design.** Forthat reason, we conducted a controlled trial primarily to evaluate the
effectiveness of LDRT on symptoms in knee OA patients and, secondly, to examine the effects
of LDRT on inflammatory signs.

Study design

Thisrandomised,double-blinded,sham-controlled superioritytrial (RCT)was performedin two
centres in Nijmegen, the Netherlands. All visits and data collection, except the intervention,
took place at the rheumatology and radiology outpatient clinics of the Sint Maartenskliniek,
a hospital specialised in rheumatology, orthopaedics, and rehabilitation. The intervention
was performed at the Department of Radiation Oncology of the Radboud university medical
center. This study adhered to the Declaration of Helsinki, and national and international law
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and was approved Arnhem—Nijmegen ethics committee (study number 2014-275). The study
was registered in the Dutch Trial Register (trial number NTR4574).

Patients

We enrolled patients from the rheumatology outpatient clinic of the Sint Maartenskliniek,and
through advertisements in local newspapers (MM). Patients were eligible if they fulfilled the
American College of Rheumatology (ACR) clinical knee OA criteria (knee pain >15 days of the
previous month plus at least three of the following: morning stiffness <30 minutes, crepitus,
bony tenderness, bony enlargement, or no palpable warmth). Other inclusion criteria were:
(1) age 250 years; (2) a numeric rating scale (NRS) pain score 25 (scale 0-10) in the index knee
during 15 of the previous 30 days; and (3) insufficient response to both analgesics and exercise
therapy. Key exclusion criteria were: (1) treatment by a physical therapist in the previous 6
months; (2) previous surgical treatment of the knee or scheduled for surgical treatment in
the following 12 months; (3) NRS pain score »>2/10 in the contralateral knee or in one or both
hips; (4) intramuscular or intra-articular corticosteroid injections received in the previous
four weeks; (5) fibromyalgia according to the 2010 ACR diagnostic criteria or other rheumatic
diseases; (6) Kellgren & Lawrence (K&L) score > 3; and (7) secondary knee OA due to trauma.
Potential participants were initially screened using a standardized telephone questionnaire.
Thereafter, screening for final eligibility was accomplished at the outpatient clinic by a
rheumatologist (EM), or a physician assistant (VS), and researcher (MM). All patients gave
written informed consent before study entry.

Patients were allowed to use analgesics, but they were encouraged not to change use during
the study period. Patients were discouraged using corticosteroid injections or receiving active
treatment by a physical therapist during the study period. However, if there was need for
these treatments, they were allowed and the use was monitored.

Randomisation and masking

Included patients were randomly assigned 1:1, at the Department of Radiation Oncology, to the
LDRT or sham intervention using a web-response system. An independent physicist, who was
also involved with the dose calculation, generated the sequence and assigned participants
to the interventions. To ensure balance in the possible confounder level of pain, assignment
was stratified for intensity of pain score (NRS pain <8 versus 28/10) using stratified block
randomisation (random block size of 2,4, or 6). The total process, including patientinstructions,
procedures, and marking of the target location, was accomplished before randomisation and
was therefore performed blinded for patients and study personnel, including those assessing
outcomes. After the randomization procedure, the unblinded radiotherapy technologist and
radiotherapist were not involved in direct patient contact anymore. In the sham arm, the
radiation therapy device was not activated, and these patients were exposed to a recording of
asound from an irradiating treatment machine.

Procedures

Patients visited the Radboud university medical center, department of Radiation Oncology,
the Netherlands, seven times: once for preparations, and six times for the intervention. Before
the first (sham) fraction was applied, the exact target locations of the index knee were marked
by a trained radiotherapy technologist. The experimental intervention consisted of external
beam LDRT with a total dose of 6 Gray, applied in six fractions of 1 Gray over 2 weeks according
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to the 2015 consensus guidelines for radiation therapy of benign diseases of the German
Society for Radio-oncology.” Fractions were scheduled every other day on weekdays. The
sham intervention consisted of six fractions of o Gray. The intervention (LDRT or sham) was
scheduled to start within 2 weeks after baseline measurement. Except for the fraction dose,
all instructions and proceedings were identical for both groups.

All patients visited the Sint Maartenskliniek twice; a combined screening and baseline visit
(To), and a follow-up visit at 3 months post-intervention (T3). Before these visits, and at 1
and 2 months post-intervention (T1 and T2), a set of postal questionnaires was sent. Clinical
parameters assessed by patient-reported outcome measures (PROMs) and inflammatory
signs assessed by serum inflammatory markers, ultrasound (US), and magnetic resonance
imaging (MRI) are described in detail below. In order to reduce random measurement error,
questionnaires were administered twice at baseline and T3 within 7 to 14 days in between.
Mean scores were used for analyses.

Demographic and OA-related characteristics were collected, using a standardized interview
and physical examination. A radiograph of the index knee was taken (weight-bearing
posterior-anterior fixed flexion) and scored blinded for clinical data, using the atlas-based K&L
grading system, by a rheumatologist with ample experience in K&L scoring (EM).

Patient-reported outcome measures

Patients completed astandardized set of PROMs at baseline, T1, T2, and T3. Patients completed
the Dutch Knee injury and Osteoarthritis Outcome Score (KOOS) questionnaire (Likert scale
version). From this questionnaire, the Western Ontario and McMaster Universities (WOMAC)
scores were derived, with WOMAC pain, function, and stiffness subscales presented as
standardized scores ranging from o to 100, where higher scores reflect better health status.
In addition, pain intensity and the patient global assessment (PGA) of knee OA impact during
the previous week were measured on a 0—10 point numeric rating scale (NRS), where o equals
no symptoms. Quality of life was measured by the physical and mental component scores
(PCS, MCS) using corresponding subscales of the 36-item Short Form Health Survey (SF-36),
standardized for general population (mean 50). The number of comorbidities according to the
long version of the Dutch Arthritis Impact Measurement Scales was calculated (range 0-15).
In addition, to take the patient acceptable symptom state (PASS) into account, patients were
asked at T3 to think about the consequences of the knee OA during the previous week and to
respond to the question: “If you were to remain for the rest of your life as you were during the
last week, would the current state be acceptable or unacceptable for you?”. Lastly, patients
were asked about analgesic use and intra-articular corticosteroid injections during the
previous month at baseline, T1, T2, and T3. Finally, patients filled out their presumption about
the assigned treatment at T3, to estimate the quality of study blinding.

Inflammatory signs

Inflammatory signs were assessed at baseline and T3 by ultrasonography, MRI, and serum
inflammatory markers i.e. the erythrocyte sedimentation rate (ESR, upper level women: 20
mm/h, men: 15 mm/h) and C-reactive protein (CRP, upper level 5 mg/l).

Ultrasound (Philips iU22 with a 50 mm linear transducer [frequency 5-12 MHz]) of the knee
was performed by a researcher trained in musculoskeletal US (MM). The items measured were
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absolute synovial effusion (mm) and synovial thickness (mm) measured at suprapatellar and
both medial and lateral parapatellar recesses (mean scores, based on protocol as described
elsewhere. (BruynAR).

Non-contrast-enhanced MRI of the index knee was performed at baseline and T3, using a 3.0
Tesla whole-body scanner (Philips Ingenia) utilising a dedicated phased—array 16¢ch dStream
knee coil. Patients were in a supine position with the knee flexed. Sagittal and coronal PD
SPAIR (repetition time [TR] 4130 ms and 5307 ms, respectively; echo time [TE] 30 ms; slice
thickness [SL] 2-5 mm; slice gap 0+3 mm; turbofactor 17; field of view [FOV] 180x180x110 mm
and 180x150x99 mm, respectively; matrix 580x421 and 580x373, respectively) sequences were
performed,followed by axial PD(TR4931ms; TE30ms;SL2+5mm;slicegap 0+-3mm;turbofactor
17; FOV 160x160x154 mm; matrix 532x377) and axial T1 (TR 664 ms; TE 15 ms; SL 2-5 mm; slice
gap 0+8 mm; turbofactor 6; FOV 160x160x154 mm; matrix 384x316) sequences. Synovial
membrane and Hoffa’s fat pad imaging was performed using the sagittal PD SPAIR and axial
PD sequences. Three inflammatory signs were assessed semiquantitatively (all graded o0-3,
with o representing normal situation), using validated scoring systems: (1) synovitis assessed
as synovial membrane thickness at four regions: medial and lateral recesses, and medial and
lateral suprapatellar bursa. Scores from four locations were summed to a maximum of 12%, (2)
effusion-synovitis, for a maximum of 3%, and (3) Hoffa’s fat pad synovitis, for a maximum of 3
in line with the MRI Osteoarthritis Knee Score scoring system.20 The reading was performed
blinded by one musculoskeletal radiologist (SB) with ample experience in standardized
semiquantitative assessment of knee OA.

Outcomes

The primary outcome was the proportion of responders at T3, according to the OMERACT-
OARSI responder criteria (either relative improvement in pain or function 250% and an
absolute improvement of 220/100 points, or two of the following: pain, function or patient’s
global assessment [relative improvement 220% and 210/100 points absolute for pain and
function or 21/10 point absolute for PGA]).»

Secondary outcomeswere clinical parameters (WOMAC pain, function, and stiffness, PGA, NRS
pain, quality of life) and inflammatory signs assessed by imaging and inflammatory markers.
The proportion of responders at T1 and T2 was also assessed.

Adverse events (AEs) and serious adverse events (SAEs) were identified by the researcher at
the follow-up visits and were registered according to the Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0. Special attention was paid to skin and subcutaneous
tissue disorders.

Statistical analysis

A potential role for LDRT in clinical practice is only warranted if this treatment modality
results in large improvements in the relief of symptoms, with low numbers needed to treat.
Therefore, this superiority study was powered to detect a large, short- to-medium effect of
LDRT in patients with knee OA. The following assumptions were made: (1) a difference of 40%
inthe proportion of responders, according to the OMERACT-OARSI responder criteria between
the LDRT group and the sham group, (2) the proportion of responders in the sham group being
40%, and (3) a power of 80% and a one-sided alpha 5% level. Allowing for dropouts we aimed
toinclude 27 persons per group.
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The analyses were performed blinded for assignment. Intention-to-treat primary analysis
was performed to estimate the difference in proportion of responders between baseline and
T3 between the two treatment groups, and 95% confidence intervals (Cls) were calculated. To
adjust for the stratifying variable (NRS pain <8 versus 28/10), we performed logistic regression
for the primary analysis and linear or logistic regression when applicable for secondary
analyses, corrected for stratum. In addition, we performed sensitivity analysis adjusting for
potential imbalanced confounding variables. All analyses were performed using STATA 13.1.

Results

Figure 1. Trial profile.
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From October 2015 through February 2017, 55 of the 56 eligible patients were enrolled:
27 in the LDRT group and 28 in the sham group (see figure 1); one withdrew from the study
after inclusion but before randomisation because an abnormality was detected during the
nationwide breast cancer screening. We included 55 patients, instead of the 54 patients as
planned before, because the last two patients were planned for screening on the same day
and both were found to be eligible. Twenty-eight patients (51%) were female, mean age 65
years (standard deviation (SD) 9), median body mass index 27 (interquartile range (IQR) 24—31)
kg/m2, and the patients were moderately to severely disabled by their disease considering the
scores for pain, function, and PGA (table 1). Baseline characteristics were similar between the
two groups, except for a slightly lower mean age, higher median BMI, worse PGA, and higher
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proportion of patients with ESR above upper limit in the LDRT group (table 1). During the
month prior to baseline, 19 (70%) and 16 (57%) patients, respectively, used analgesics in the
LDRT and sham groups. Three patients (14%) in the LDRT group and four patients (11%) in the
sham group were included in the stratum with an NRS pain 28/10. The majority (n=39; 71%)
was recruited by advertisement, and these patients showed a slightly better WOMAC pain,
but comparable NRS pain, a slightly worse PCS, comparable K&L scores, and were more often
male (54% versus 38%) than the patients recruited from the outpatient clinic (difference mean
WOMAC pain 11; 95% Cl 2+ 5-20, and normalised PCS 6 - 0; 95% Cl 1+ 8-10).

Table 1. Baseline characteristics of 55 knee patients with osteoarthritis.

LDRT group Sham group
(n=27) (n=28)
Sociodemographic characteristics
Age (years), mean (SD) 62(9) 68 (9)
Sex
Female, n (%) 15 (56 %) 13 (46%)
Male, n (%) 12 (44%) 15 (54 %)
BMI (kg/m>?), median (IQR) 29 (25-30) 26 (24-31)
Duration of symptoms < 5 years, n (%) 16 (59) 14 (52)*
Kellgren and Lawrence 2 2, n (%) 15 (56) 17 (61)
Comorbidities € 1,n (%) 19 (70) 19 (68)
Clinical parameters included in the primary outcome
WOMAC pain (0-100), mean (SD) 59 (14) 61(17)
WOMAC function (0-100), mean (SD) 60 (17) 62 (19)
NRS PGA (0-10), mean (SD) 5.6(2-2) 4+6(2-3)
Other clinical parameters
WOMAC stiffness (0-100), mean (SD) 47 (13) 55 (20)
NRS pain (0-10), mean (SD) 5-8(1+6) 5+4(1+6)
SF-36 mental component scale, mean (SD) 53(10)* 52 (10)
SF-36 physical component scale, mean (SD) 39(7) 39 (8)
Inflammatory signs
Ultrasound
Sum of synovial thickness (mm), median (IQR) 2(1-3) 2(1-3)
Sum of synovial effusion (mm), median (IQR) 6(4-8) 5(4-7)
MRI
Sum of effusion-synovitis (0-12), median (IQR) 5(3-8) 4(2-7)
Synovial effusion-synovitis (0-3), median (IQR) 2:0(1+0-2+0) 1:0(1-0-2+0)
Hoffa’s fat pad synovitis (0-3), median (IQR) 1+0(1-0-2+0) 1-0(1-0-2+0)
Serum inflammatory markers
ESR, above upper limit, n (%) 10(37) 4(14)
CRP, above upper limit, n (%) 5(19) 7(25)

Data are shown as mean (SD), median (IQR), or n (%) Higher scores indicate better scores for WOMAC pain and function and
stiffness, worse NRS PGA, worse NRS pain, better mental and physical component scales (reference U.S.A. population = 50),
more synovitis (ultrasound and MRI). *1 missing value, *2 missing values LDRT=low-dose radiation therapy. SD=standard
deviation. IQR=interquartile range. BMI=body mass index. IQR=interquartile range. WOMAC=pain, function and stiffness,
Western Ontario and McMaster Universities Osteoarthritis Index scale. NRS=numeric rating scale. PGA=patient global
assessment. SF-36=36-item short Form Health Survey. MRI=magnetic resonance imaging. ESR=Erythrocyte sedimentation
rate. CRP=C-reactive protein.
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All 55 randomised patients completed the study with very good adherence to (sham)
treatment; one patient in the LDRT group discontinued prematurely because of severe back
pain aftera collapse hampering further LDRT after two fractions. Five percent of the data were
re-entered, and differences with the original database were checked (<0< 1%). Almost no data
were missing (mean1+1% peritem,rangeo+5-1+8%,and 0-5% of the planned visits; (imaging
and laboratory markers are lacking from one patients at T3 but not the questionnaires);
thus data imputation was deemed unnecessary. There were no differences in missing levels
between the groups.

Figure 2. Proportion of responders over 3 months, with its 95% confidence interval, for LDRT and sham
intervention.
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LDRT=low-dose radiation therapy

At 3 months post-intervention, 12/27 (44%, 95% Cl 26-63%) patients in the LDRT group and
12/28 (43%, 95% Cl 25-61%) in the sham group met the primary outcome, i.e. OMERACT-
OARSI responder criteria; this resulted in a difference of 2% (95% Cl -25 to 28%, p=0-9, table
2, figure 2). Logistic regression for response adjusting for the stratified variable (NRS >8/10)
yielded similar results with an odds ratio (OR) of 1+1 (95% Cl 0+4-3-2, p=0-9) for the LDRT
group compared with the sham group. Subsequently, we cannot reject our null hypothesis
of no effect of the treatment, and the Cls around the between group difference show that
a difference in effectiveness of LDRT versus sham treatment of over 28% is highly unlikely.
Sensitivity analyses adjusting for potential confounders (age, BMI, PGA) yielded similar results
(OR1.3;95% Cl 0+ 4—4-2forthe LDRT group compared with the sham group).
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Table 2. Proportion of responders of the two groups, the difference in proportion between groups and the
odds ratio (with 95% confidence intervals) according to the OMERACT-OARSI criteria.

Time after LDRT group Sham group Differencein Odds ratio for
intervention proportion LDRT

1month 37 (29-55) 21(6-37) 16 (-8-39) 23(0+7-7+5)

2 months 33 (16-51) 22(9-42) 11(-13-35) 1.8(0+5-6+3)
3months 44 (26-63) 43 (25-61) 2(-25-28) 1.1(0+4-3+2)

LDRT=low-dose radiation therapy

No significant differences were found between the two groups regarding WOMAC pain,
function,and PGA (the domains ofthe primary outcome) at months1,2,and 3 post-intervention
(T3 data are shown in table 3). No differences in any other secondary outcome including the
inflammatory signs measured by imaging or inflammatory markers were observed (table 3,
figures3and 4).

The number of responders at TLand T2 are shown in table 2 and figure 2. Analgesics during the
third follow-up month were used in 15 (56%) and 13 (43%) patients in the LDRT group and the
sham group, respectively. One patient received an intra-articular injection during follow-up
(sham group second month post-intervention). This patient was a non-responder at 3 months
post-intervention. Seventeen patients (63%, 95% Cl 44-78%) in the LDRT group versus 23
patients (82%, 95% Cl 64—92%) in the sham group reported being in PASS at T3. The number
of patients who thought they had received and actually had received LDRT was comparable:
10/25 (40%, 2 missing values) and 12/26 (46 %, 2 missing values) for the LDRT group and sham
group, respectively, demonstrating adequate blinding.

The occurrence of both AEs and serious adverse events SAEs was comparable between the two
groups. Two SAEs in the sham group were observed: colon carcinoma was diagnosed post-
intervention in two patients, which we expect not to be related to the intervention. Three AEs
occurred: one LDRT patient suffered from a collapse as mentioned above, one patient in the
sham group experienced severe knee pain during and after the intervention, and one patient
in the sham group experienced cold sensations in the lower index leg. Local reactions were
comparable in both groups. Fatigue was recorded in six (22%) patients versus three patients
(11%) in the LDRT group and sham group, respectively.
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Table 3. Absolute changes (SD or IQR where appropriate) of clinical parameters and inflammatory signs
per group and differences between changes expressed as odds ratio (OR) or R-coefficient (95% Cl), where
appropriate for the LDRT group.

Change ORor
(baseline — 3 months) R-coefficient
(95% CI) for

LDRTgroup  sham group LDRT group

Clinical parameters included in the primary outcome

WOMAC pain (range 0-100), mean (SD) 8(13) 11(14) -3(-10-4)
WOMAC function (range 0-100), mean (SD) 9-7(8)# 6.3(14) 4(-3-10)
PGA (range 0-10), mean (SD) -1-0(2) -0+9(3) 0(-1-1)

Clinical parameters not included in the primary outcome

WOMAC stiffness (0-100), mean (SD) -11(19) 9(21) 2(-8t013)
NRS pain (0-10), mean (SD) -1+1(1+6) -1-3(2+4) 0:1(-0+9-1+2)
SF36 mental component scale (normalised to 50), 0:9(8+4)* -4+2(10)* 5(0to10)
mean (SD)

SF36 physical component scale (normalised to 0:1(7-0)f 2-4(6+9)* -2(-6-2)
50), mean (SD)

Inflammatory signs

Ultrasound

Sum of synovial thickness (mm), median (IQR) 0-7(1+3) 0-1(1-2)% 0:6(-0°1-1+3)
Sum of synovial effusion (mm), median (IQR) 0-4(1-8) 0-1(1-2)* 0°:3(-0°5-1-1)
MRI

Sum of effusion-synovitis (0-12), median (IQR) -0+1(0+7) 0-0(0-7)* -0:0(-0+4-0+4)
Synovial effusion-synovitis (0-3), median (IQR) 0-0(0-4) -0+1(0-4)* 0-0(-0+2-0-3)
Hoffa’s fat pat synovitis (0-3), median (IQR) -0+1(0+6) 0-0(0-4)* -0+1(-0°4-0-2)

Serum inflammatory markers
ESR, above upper limit, n (%, 95%Cl) -3(-11(-24-2))  5(18(3-33)) 1(0-2)t

CRP, above upper limit, n (%) 0(0(-11-11)) o(o(-22-22))* 1(oto2)t

Change values between baseline and 3 months are presented as mean changes (SD), median (IQR), or n (%)

Pain and function are presented as WOMAC, range 0-100 where 100 equals no symptoms;

PGAis presented as NRS, scale 0-10 where 0 equals no symptoms

Positive changes (columns 1 and 2) indicate less WOMAC pain, better function, worse PGA, less stiffness, more NRS pain,
better MCS and PCS, increase in ultrasound synovial thickness, and effusion, increase in MRI synovitis, increase in number of
patients above upper limit (ESR and CRP).

Positive differences (column 3) indicate less pain, better function, worse PGA, increase in synovial thickness, effusion, ESR,
CRP of LDRT group compared to sham group.

Differences between groups is estimated by linear or logistic regression when appropriate, adjusted for stratification of NRS
28/10

#1missing value

*2 missing values

TOR for ESR or CRP above upper limit (yes/no) at 3 months post-intervention

SD=standard deviation. IQR=interquartile range. OR=0dds ratio. Cl=confidence interval. LDRT=low-dose radiation therapy.
WOMAC=Western Ontario and McMaster Universities Osteoarthritis Index scale. PGA=patient global assessment

NRS= numeric rating scale. SF-36=36-item Short Form Health Survey. MRI=magnetic resonance imaging. ESR=Erythrocyte
sedimentation rate. CRP=C-reactive protein. MCS=mental component score. PCS=physical component score.
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Figure 3. Median (IQR) sum scores of synovial effusion and thickness (mm) at baseline and 3 months post-
intervention.
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IQR=interquartile range. LDRT=low-dose radiation therapy.

Figure 4. Median (IQR) sum scores of effusion-synovitis (0-12) at baseline and 3 months post-intervention.
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IQR=interquartile range. LDRT=low-dose radiation therapy.
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To our knowledge, we performed the first RCT to evaluate the effectiveness of LDRT in knee
OA patients with the radiation dose as recommended in current guidelines.” We showed
that treatment with LDRT, compared with sham, does not lead to a substantial reduction of
symptoms. Considering the limits of the 95% Cls, a difference exceeding 28% of responders
between groups seems unlikely. We also found no differences in changes of pain, function, PGA
between the LDRT and sham groups. In addition, we found no substantial impact on imaging
orlaboratory inflammatory signs.

Our study has a number of strengths. These include the randomised, sham-controlled design,
blinding of both patients and study assessors, use of validated outcome measures, and use of
a well-defined patient population. Furthermore, the number of patients needed according to
our sample size calculation was met, and both lost to follow-up and missing data were low.

Some methodological choices can be challenged. Firstly, the pre-specified 40% difference
margin can be considered relatively large. However, this seems clinically justifiable, because
we felt that LDRT could have a place in clinical practice only when its effect would outweigh
the time investment, patients’ burden, radiation exposure, and costs. As a result, we cannot
rule out the existence of a small effect of LDRT in knee OA. However, considering the limits
of the 95% CI of our results, a difference exceeding 28% of responders between groups
seems unlikely. This limited sample size could, despite randomisation, also have resulted in
imbalance of potential confounders between the two groups. However, adjusted analyses for
confounding yielded similar results.

It can be argued that the absence of effect of LDRT in our study reflects a poor choice of patient
population, treatment, or outcome measures. However, we did include the relevant patient
population, being patients with established knee OA, considering the quite severe baseline
symptoms, the K&L scores, and physically impaired but not mentally impaired quality of life.
In addition, the dose of the LDRT is comparable with that used in previous studies and that
currently recommended in clinical practice.’* Also, a follow-up of 3 months seems adequate,
as short- to-medium term effects were to be expected. A valid point of criticism could be the
low-to-moderate sensitivity and specificity of the OMERACT-OARSI responder criteria® as this
could have led to misclassification and, subsequently, underestimation of the effectiveness of
LDRT. However, these are the best and most often used clinical outcome measures in knee OA
intervention studies. Considering also the lack of effect of LDRT in all other outcome measures,
we consider our results very robust.

How should our results be interpreted in the view of existing evidence on LDRT in knee OA
treatment? There have been several studies on LDRT in knee OA showing improvement of
pain and/or function; however all of them suffered from methodological shortcomings, ie,
uncontrolled and/or retrospective design without blinding, and non-validated single-item
outcome measures.’® Therefore, we concluded recently in a systematic literature review that
there is insufficient high-level evidence for a positive effect of LDRT on pain and functioning
in OA patients.® In addition, two low-quality RCTs published in the 1970s, relating to patients
suffering from a range of painful locomotor ailments including knee OA patients, showed no
effect of radiation therapy asused atthat time with a relatively high dose.*»® Of note, we found
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a substantial 3 months response of 40% in both groups, illustrating the substantial effect of
mainly a placebo effect and regression to the mean. In view of the absence of other high-level
quality evidence in favour of LDRT, we hypothesise that these two effects are also responsible
for the previously reported improvements of LDRT on symptoms in studies suffering from
several methodological shortcomings. This is in accordance with previous research, and in
particular for rather invasive interventions such as LDRT, which are associated with higher
placebo effects.>* In conclusion, we consider our results as valid, in contrast to previous clinical
studies.

The external generalisability of our findings is strengthened by the similarity of baseline
characteristics between current patients and patients previously included in previous
OA research. However, selectivity of the sample could have influenced this external
generalisability, given the relatively high proportion of men, as well as better baseline pain
and physical quality of life of patients recruited by newspaper advertisement compared
with outpatients. Nevertheless, this mixture of recruitment strategies attracts a more
heterogeneous group of OA patients and has previously shown not to influence the efficacy of
theintervention and even increases the external generalisability.*

In addition to the absence of clinical response, we also found no substantial impact on
inflammatory signs assessed by ultrasound, MRl and serum inflammatory markers. We used
validated MRI and US scores, which strengthens the internal validity of these findings.**
However, several weaknesses regarding these secondary outcomes should be mentioned.
Firstly, because our study was primarily not powered to detect substantial differences in
inflammatory signs, we can only state that LDRT did not result in large differences between
the two groups. Secondly, it can be debated whether we should have selected patients with a
minimal threshold of inflammation at baseline. We decided not to, because an inflammatory
phenotype is not well defined or validated, and because synovitis is known to fluctuate
during the disease course®, and the majority of knee OA patients have been shown to have
inflammatory signs anyway.”?# The last was also seen in our patients. In addition, our baseline
values of inflammatory signs are similar to those of previous studies that selected patients
with signs of synovial inflammation.»*° Also, additional analyses comparing knee OA patients
with and without inflammatory signs at baseline yielded similar results (data not shown).
Thirdly, in general, the gold standard method for detecting synovitis is histological analysis
of samples obtained by biopsy. However, non-invasive imaging techniques, including US and
MRI, are reported to perform well when correlating them with histological observations of
inflammation in OA 792029

In conclusion, we were not able to show an effect of LDRT treatment on symptoms and
inflammatory signs in knee OA. In view of the absence of other high-level quality evidence in
favour of LDRT, we advise against its use as treatment for knee OA. Because this treatment is
still widely used in some countries, future efforts should focus on de-implementation of LDRT,
by changing the beliefs of involved clinicians and health professionals about the efficacy of
LDRT thatare not based on scientific grounds. Additionally, itisimportant that future research
should also focus on the quality of the scientific evidence of LDRT treatment for other benign
(musculoskeletal) disorders, for which high-quality studies are also lacking.3°
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Supplementary file 1. Treatment protocol.

For the LDRT group, the radiation therapy regimen consisted of six fractions of 1 Gray, with a
total dose of 6 Gray,fromalinearaccelerator(Agility, Elektra AB, Stockholm, Sweden) according
to the consensus guidelines for radiation therapy of benign diseases of the German Society
for Radio-oncology (DEGRO). Fractions were delivered every other weekday over a two-week
period. The clinical target volume included the knee from 4.5 cm proximal of the patellato1cm
distal of the tuberositas (figure 1). Atreatment plan was calculated in a virtual water phantom
using our treatment planning system (Pinnacle v.8.0h, Philips Medical Systems, Andover, MA),
dose specified at the center of the phantom using two opposing 6-MV photon beams. Doses
were individualised using the patients’ individual measurements in three dimensions (length,
width, depth). As in regular radiation therapy practice, all treatment programs were double
checked by a second radiotherapist. Prior to the first fraction, the exact target locations were
marked using wear-resistant ink (figure 2). During treatment, video screens that normally
display treatment information were switched off to mask the patient for the treatment they
received.

The sham-group received six o Gy fractions over a period of two weeks. During sham treatment,
a sound mimicking linear accelerator sound was played, as the device was not activated.
Furthermore, all instructions and proceedings were identical for both groups.

1. OttOJ,Niewald M, Weitmann H-D, et al. DEGRO guidelines for the radiotherapy of non-malignant disorders.

Strahlenther und Onkol 2015;191:1-6.

Figure 1. Target field for the knee.
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Figure 2. Treatment setup with target field markings.
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Summary

Osteoarthritis (OA) is a multifactorial joint disease affecting all the tissues of the joint, and
is characterized by cartilage breakdown, the formation of bony outgrowths at the joint
margin (osteophytes), subchondral bone sclerosis, alterations to ligaments and muscles,
and inflammation of the synovial membrane. OA is a serious health problem. It entails a
high clinical burden of pain and disability, and a reduced quality of life. No cure is available
for OA and treatment focuses primarily on the reduction of symptoms as pain and loss
of function. Treatments encompass nonsurgical treatment modalities (such as such as
education, exercise, step up analgesics, life style advices including weight loss in patients
thatare overweight) and surgical treatment modalities (such as total joint replacement (TJR)).
Several international recommendations emphasize the importance and efficacy of starting
with nonsurgical treatment modalities, before considering surgical treatment modalities.
However, in general, limited effect sizes for the nonsurgical treatments have been shown.
Nevertheless, nonsurgical treatment modalities are insufficiently utilized, and the number of
surgeries isrising substantially. Moreover, a large variability in the surgeons’ indication for TJR
exists. Furthermore, TJR is considered an effective treatment, but total knee replacement is
less effective compared to hip replacement and up to 25-30% of patients are dissatisfied after
knee replacement. Finally, the prevalence of OA is high and rising, mainly concurrent with an
ageing population and the growing obesity epidemic. Especially in developed countries, this
leads to a growing impact on health care and future socioeconomic costs.

Therefore, there is a clear need to improve the management of OA. In addition, The aim of this
thesis is to contribute to the body of knowledge regarding the non-surgical management of
established knee and hip OA by 1) identifying appropriate outcome measures, 2) identifying
risk factors, and 3) establishing evidence of new effective non-surgical treatment options. In
this final chapter, the main findings of the studies comprised in this thesis are summarized
and methodological considerations and insights gained are discussed.

Identifying appropriate outcome measures

In chapter 2 we evaluated the responsiveness (i.e. the ability to detect changes over time) of
four widely used patient reported outcome measures (PROMs) for the assessment of physical
function in patients with symptomatic knee OA receiving optimized non-surgical treatment
i.e. Knee Injury and Osteoarthritis Outcome Function Short Form (KOOS-PS), Lequesne
Algofunctional index (LAI), Lower Extremity Functional Scale (LEFS) and Western Ontario
and McMaster Universities Osteoarthritis Index Physical Function subscale (WOMAC-PF).
Responsiveness was investigated by testing predefined hypotheses formulated by an expert
group about expected (or absence of) correlations between changes in in physical function
with changes in other (un)related measurements. Responsiveness was considered positive
if >75% of the hypotheses could be confirmed. We could confirm 12 out of 15 predefined
hypotheses (80%) about expected correlations using the physical function subscale of the
WOMAC. For the KOOS-PS, LAl and LEFS, respectively 73%, 67%, and 73% of hypotheses could
be confirmed. Our findings suggest that the WOMAC-PF is able to detect changes over time
in physical function in patients with knee OA receiving standardized non-surgical treatment.
We therefore recommend that WOMAC-PF should be the measure of first choice in clinical
trials evaluating the effectiveness of an intervention on physical function in clinical knee OA
patients. These results enabled us to make a well-considered choice for a PROM assessing
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physical function in our randomized controlled trial evaluating the effectiveness of LDRT of
symptoms in knee OA (chapter 8).

Main finding I: The WOMAC-PF is able to detect changes over time in physical function in
patients with knee OA receiving standardized non-surgical treatment.

To incorporate the patients’ perception in the interpretation of PROMs assessing physical
function, we conducted a prospective study to estimate the patient acceptable symptom
state (PASS) values (chapter 3). In addition, we assessed the influence of sex, age, duration of
symptoms, and having depressive feelings on the estimated PASS value. Patients completed
the short version of the Knee Injury and Osteoarthritis Outcome Score (KOOS-PS), Lequesne
Algofunctional Index (LAI), the Lower Extremity Functional Scale (LEFS), and the physical
function subscale of the WOMAC (WOMAC-PF). The PASS is considered a state and is defined
asthe highest level of symptoms that the majority of patient consider acceptable. PASS values
were defined as the 75th percentile of the score of questionnaires for those patients who
consider their state acceptable. We showed that the cut-off values with their 95% confidence
intervals for the PASS for physical function were comparable across the four different
standardized PROMs. We therefore concluded that PASS cut-off values in patients with
clinical knee OA are robust across different PROMs assessing physical function and we suggest
that different questionnaires may be used to determine PASS values for physical function of a
certain population and setting. In addition, we observed that female and depressive patients
have a lower chance of reaching the estimated PASS value. However, we observed also that in
our knee OA cohort, patients consider a higher level of symptoms acceptable than previously
reported for other rheumatic diseases. Probably, the use of a generic PASS value for different
domains in patients with OA or even patients with other rheumatic diseases might not be
justifiable.

Mainfinding I1: PASS cut-offvaluesin patients with clinical knee OAare robust across different
PROMs assessing physical function.

Identification of risk factors

In chapter 4, we describe the development and validation of preliminary criteria for clinical
worsening in knee and hip OA using a literature, expert opinion and data driven approach. The
Expert Group’s review of the literature yielded five sets of worsening criteria. In addition, this
Expert Group reached consensus on 10 sets of newly proposed worsening criteria to be tested
in observational datasets of patients with knee or hip OA. These sets included 219 patients
(derivation cohort) and 296 patients (validation cohort). Newly proposed worsening criteria
were first tested in the derivation cohort. Then, using patient judgement as external anchor,
we examined sensitivity and specificity of the five selected literature-based as well as the
ten newly proposed worsening criteria in the validation cohort. Literature-based worsening
criteria were found to be specific but lacked sensitivity. Two out of 10 newly proposed
worsening criteria constructed by the Expert Group showed an acceptable combination of
sensitivity and specificity in the derivation cohort which was confirmed in the validation
cohort (ranging from 54% to 65% and 67% to 74% respectively). The set that performed best
addressed:
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Worsening in:
« pain 2 20% and absolute change 2 20* or
« function 2 10% and absolute change 2 10 or

o PGA 210% and absolute change 21

. J

*in case of using NRS pain (scale 0-10): absolute change >2. This set yielded a sensitivity of 0.59 (95% CI 0.47-0.71) and
specificity of 0.74 (95% Cl 0.66 to 0.82) with an AUC of 0.67 (95% Cl 0.60 t0 0.74 ).

We recommend to evaluate these criteria furtherin other knee and hip OA populations.

Main finding I1I: Newly developed criteria for clinical worsening in knee and hip OA showed
an acceptable combination of sensitivity and specificity.

MainfindingIV:Newly developedcriteriaforclinicalworseningin kneeand hip OAincorporate
relatively small absolute and relative changes of patient reported outcome measures (PROMs)
compared with improvement criteria.

In chapter 5, we investigated the added predictive value of failure of optimized multimodal
non-surgical treatment for worsening at 2 years in knee and hip OA patients using the
validated clinical worsening criteria presented in chapter 4. Worsening at 2 years was defined
as fulfilling these clinical worsening criteria, or total joint replacement (TJR). We showed that,
at 2 years, more than half of patients with established knee and hip OA (knee 59%; hip 71%)
in secondary care have worsened, and 39% of these patients had undergone a TJR. A higher
proportion of knee OA patients showed clinical worsening at 2 years compared to hip OA
patients (40% versus 20%, p < 0.01). However, the proportion of patients who underwent a
TJR was lower for knee than hip OA (19% versus 51% respectively, p < 0.0001). Having clinically
worsened at 3 months appeared to be a clear independent predictor for having worsened at
2 years (odds ratio (OR) 2.8 95% confidence interval (Cl) 1.5 to 5.2) with a fair discriminative
ability of the area under the receiver operating characteristic curve (AUC) 0.68 (95% Cl 0.57 to
0.70). Similar results were obtained when only TJR at 2 years was used as outcome measure
(OR 4.1 95% Cl 2.0 to 8.4) with good AUC (0.82 95% Cl 0.76 to 0.87). Our findings suggest that
re-assessment of symptoms after optimized non-surgical treatment could be meaningful
to guide both patients and (orthopaedic) surgeons in clinical decision making about the
appropriate timing of TJR. Furthermore, this information could be used to identify subgroups
of patients potentially eligible for novel and advanced treatment options.

Main finding V: Short-term clinical worseningis a clearindependent risk factor for worsening
at2yearsin established knee and hip OA.

Since in OA low grade synovial inflammation is known to play a role, we explored in chapter 6
whether the serum levels of a pro-inflammatory marker S100A8/Ag (also called calprotectin)
are associated with clinical and structural characteristics in patients with established knee,
hip or hand OAin a cross-sectional study. Serum S100A8/Ag levels in patients with established
knee, hipand hand OA are not associated with clinical characteristics regarding pain, stiffness
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and function, but are positively associated with ESR and negatively associated with the sum
score of osteophytes. Furthermore, in the hand OA group, S100A8/A9 serum level showed a
weak inverse relationship with the sum score of joint space narrowing. Our results do not
support an important role for serum S100A8/Ag levels as biomarker for severity of clinical
symptoms and structural abnormalities in established knee, hip and hand OA patients.

Main finding VI: Serum S100A8/A9 levels cannot be considered as relevant biomarker for
severity of clinical symptoms and structural abnormalities in established knee, hip and hand
OA patients.

Establishing evidence of additional non-surgical treatment

In chapter 7, we systematically reviewed the literature on the efficacy and safety of low dose
radiation therapy on pain and functioning in patients with OA. In OA, low grade synovial
inflammation is known to play a role, which may be a potential target for OA treatment. Low-
dose radiotherapy (LDRT) has been widely used for treatment of non-malignant disorders
since its introduction. In vitro and animal studies have shown anti-inflammatory effects in
OA. LDRT may be an additional non-surgical treatment option for knee OA patients in whom
non-surgical interventions are insufficiently effective and for whom surgical treatments are
not (yet) an option. Seven studies were suitable for inclusion, and across these studies, in 25-
90% and 29-71% of the patients pain and functioning improved, respectively. However, the
methodological quality of all studies was judged as weak (no blinding, retrospective design,
uncontrolled studies, and non-validated single-outcome measures). Therefore, we concluded
that there is currently insufficient high-level evidence available to indisputably demonstrate
the effectiveness of LDRT in OA patients.

In chapter 8, the results of a randomized, double-blinded, sham-controlled trial to evaluate
the effectiveness of low-dose radiation therapy on symptoms in patients with knee OA are
presented. The secondary aim was to examine the effects on inflammatory signs. We recruited
knee OA patients through advertisements in local newspapers and from the rheumatology
outpatient clinic of the Sint Maartenskliniek. Key eligibility criteria were: age 2 50 years, pain
score 2 5/10, and non-response to analgesics and exercise therapy. We randomly assigned
patients 1:1 to receive six times LDRT (1 Gray per fraction) or sham intervention in two weeks,
using a web-response system. The primary outcome was the proportion of responders at three
months post-intervention, according to the OMERACT-OARSI responder criteria. Secondary
outcomes included inflammatory signs assessed by ultrasound, magnetic resonance
imaging, and serum inflammatory markers. Intention-to-treat analyses was performed. We
randomly assigned 55 patients: 27 (49%) to LDRT, and 28 (51%) to sham. At three months post-
intervention, 12/27 patients (44%; 95% Cl 26 to 63%) in the LDRT versus 12/28 patients (43%;
95% Cl 25 to 61%) in the sham group responded, difference 2% (95% Cl -25 to 28 %), odds ratio
adjusted for the stratifying variable was 1.1 (95% CI 0.4 to 3.2). No differences in any of the
inflammatory signs were observed. In conclusion, we found that treatment with LDRT in knee
OA patients does not lead to a substantial reduction of symptoms when compared to sham
treatment. Considering the limits of the 95% confidence intervals, a difference exceeding 28%
responders between groups seems unlikely. Therefore, based on this RCT and the absence of
other high quality evidence, we advise against the use of LDRT as treatment for knee OA.
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Main finding VII: Treatment with low-dose radiation therapy (LDRT) in knee OA patients does
not lead to a substantial reduction of symptoms when compared to sham treatment.

During the performance and interpretation of these studies, some important methodological
issues were raised. In this paragraph, the following issues of our research and their possible
impact on future research are discussed: 1) influence of the homogeneous patient selection,
2)influence of the study context on estimating appropriate outcome measures, 3) importance
of validation, and 4) quality of the evidence on the effectiveness of low-dose radiation therapy.

Patient selection

In order to be able to generalize the study results outside the specific study setting, it is of
greatimportancetoinclude asample representative of the target populationin daily practice.
Our clinical studies comprise four different data collections: two observational studies with
multiple assessments, one cross sectional study, and one randomized controlled trial. In total,
we included a large group of patients, summing up to 1000 participants, with established OA.
The studies included knee and hip OA patients who fulfilled the clinical American College of
Rheumatology criteria for OA and were not yet deemed eligible for total joint replacement
(TJR) by their orthopaedic surgeon at the Sint Maartenskliniek Nijmegen, the Netherlands.
Of importance here is that our main observations pertain to patients with established OA
conducted in one specialized clinic. This homogenous population might have led to a selection
of patients with a relatively high clinical burden and may have hampered the generalizability
ofourresults.When comparingourcohorttootherlarge and well-known OA cohorts, we found
similar socio-demographic characteristics. However, patients in our cohort showed more
radiological progression than other cohorts described in the literature. This is not surprising,
since most of the well-known OA cohorts focus on early OA patients.**3Second-line cohorts are
ratheruncommon and whenwe compare our cohortwith these cohorts with more established
OA patients, we found very similar pain and radiographic scores at inclusion.*>¢ Therefore, our
study population is not representative for the general OA population, but generalizable to
patients with established OA who are not yet deemed eligible for surgery. Additionally, most
of the patients had knee OA, so generalizability for hip OA is not fully assured. Nevertheless,
this sample seems representative for referrals to secondary care as mainly all patients were
referred by their primary physician in the first place. However, future research is warranted
and should aim to investigate other OA populations and settings, for example in OA patients
from primary care who are referred to secondary care.

Relevance of the study context

Has the above-mentioned selection influenced the interpretation of our results regarding
the identification of appropriate clinical outcome measures (chapters 2, 3 and 4)? In clinical
research, it is considered of great importance to incorporate the patient’s interpretation of
outcomes in establishing the relevance of findings.” When using outcome measures, cut-off
values are required for the definition of treatment success or failure. This is a methodological
challenge and has been a topic of research for many years.®® Two different concepts are
currently used to estimate and interpret changes in scores of PROMs: 1) relevant amount of
change i.e. minimal clinically important change (MCIC; either improvement or worsening),
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and 2) reaching an absolute value, i.e. an acceptable symptom state. At the start of the
studies evaluating PROMs for OA symptoms, | did not sufficiently realize that 1) MCIC values
for worsening could be different from MCIC for improvement values, but also that 2) both
MCIC and patient acceptable symptom state (PASS) values could be context specific. My
understanding has gradually changed during the time-frame of this PhD project, as discussed
in the next paragraphs.

The importance of the MCIC for worsening

The MCIC is part of a concept reflecting interpretability as an important measurement
property of a PROM, according to the COSMIN taxonomy.*® The interpretability is about the
degree to which itis clear what the scores or change scores mean. The MCIC has been subject
of many publications, mainly in the context of MCIC for improvement and rarely as MCIC for
worsening. MCIC for improvement is often used when new treatment options are evaluated.
However, for daily clinical practice in particular in established OA, MCIC for worsening seems
more important than MCIC for improvement, because knowing if a patient has worsened
may have consequences for clinical decision making, for example to apply more advanced
treatment options to this patients. There are hardly any studies that have estimated the
MCIC for worsening in OA, and the few studies that have examined this, showed inconsistent
results.* Therefore, we focused on estimating and applying this fairly new concept of MCIC for
worsening to established OA patients.

Values for MCIC improvement are different from values for MCIC worsening

When focusing on the concept of MCIC for worsening, there is still discussion about whether
MCIC forimprovement is the same as MCIC for worsening.*** Some authors use the inverse of
the MCIC for improvement as MCIC for worsening value, while others are convinced that the
MCIC for improvement is different from the MCIC for worsening. As part of the development
and validation of criteria for clinical worsening in knee and hip OA (chapter 4), we estimated
the MCIC for worsening. We found the values of MCIC for worsening to incorporate relatively
small absolute and relative changes compared with improvementvalues. Thisisaninteresting
and also unexpected finding in OA research that needs careful consideration since applying
MCIC for worsening could have clinical consequences. Interestingly, recently more evidence
regarding MCIC for worsening in rheumatology has been published.** Remarkably, their
conclusion was consistent with ours that the thresholds for the MCIC for worsening were
lower than those for improvement in axial spondyloarthritis. This seemingly paradoxical
finding of MCIC for worsening thresholds being lower than for improvement in OA, has
previously also been reported in other disease areas.**¢ In conclusion, | would recommend to
assess a separate MCIC value for worsening and improvement, and not to use the opposite of
MCICimprovement values for worsening.

Applying our estimated MCIC for worsening and PASS values

Despite the fact that the MCIC has become a standard approach in the interpretation of
changes in PROMs, there is still discussion whether the MCIC of a PROM should be a fixed
value or not.»>3718 Different authors in mainly epidemiologic research have concluded, that
the MCIC estimate depends on the context of the disease.” Its value can be variable across the
disease severity, underlying health disorder, intervention, characteristics of the population,
unit of interest (whether an individual or a group), domain being measured, time between
baseline and follow-up, baseline values observed, and the change in values.992°02:22 Although,
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it would be desirable to have one fixed MCIC value that could be applied to different diseases
or circumstances, this seems not feasible for daily practice. There is currently too limited
evidence regarding established MCIC values across the vast number of PROMs. In the end,
| expect that MCIC values will be context-specific rather than fixed, and this might limit the
application of our estimated MCIC for worsening values across other OA populationsin future
research. 7202

A possibility to obtain a valid and reliable MCIC value could be to determine this value during
studies separately. However, this is quite labour-intensive and comprises the following two
major drawbacks. First, the MCIC can only be determined per measurement instrument or
per PROM. This entails that is impossible to determine one MCIC for worsening when several
PROMs are important to measure the impact of a particular disease, for example in OA the
domains pain, function, and patient global assessment. A composite index incorporating
all relevant domains could counterbalance this drawback. Moreover, MCIC for worsening
values can only be determined in the short term, such as within a time span of 3 months. A
time frame of 3 months is deemed long enough to allow for worsening and brief enough to
minimize the risk of a response shift.* This implies that when a longitudinal study of more
than 3 months is performed with clinical worsening in OA as primary outcome, researchers
first have to determine the MCIC for worsening value within a 3-months period before the
primary outcome for the long term can be determined. This is a very cumbersome process that
is also not doable for daily practice.

The same discussion is relevant for the PASS. The PASS is considered a state and is defined as
the highest level of symptoms that the majority of patient consider acceptable.®?¢ In line with
the MCIC, there is currently too limited evidence regarding established PASS values across
the vast number of PROMs. Future research could include the standardized PASS question,
whether the current state would be acceptable or unacceptable, in each study as an outcome
measure.””? Then, researchers are not dependent on previously estimated, and therefore
context-dependent, values. However, this option does not take into account that a response
shift could take place, in which interpersonal perception of the disease state changes during
the assessments. Ultimately, in my view, PASS values seem to be both context-specific and
interpersonal-dependent values rather than fixed values, and this hampers the use of PASS
values across other OA populations in future research 992023

In the end, the concepts of MCIC for worsening and PASS values seem of limited use for
clinical practice considering the dependency of both contextual and interpersonal factors,
the difficulty to assess and the complexity to interpret. This advocates the use of validated
worsening criteria that combine important domains for OA and indicates the response at an
individual level to facilitate prediction research in the future.

Importance of validation

The natural course of pain and physical function in OA is highly variable and heterogeneous.
Most patients have been found to remain stable, while others will worsen and some even
improve.*24293° However, the individual course of OA is difficult to predict, because the
underlying mechanisms and risk factors associated with clinical worsening are still largely
unknown.+33233 Previous research has mainly focused on determinants for improvement,
because the effectiveness of new therapies was evaluated. However, for clinical practice,
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identification of risk factors for clinical worsening is important to inform about the prognosis,
and especially, to enable targeting more advanced treatments to specific subgroups of
patients.#3:323¢ We developed criteria for clinical worsening and used these as primary
outcome to measure symptom progression over time on an individual level. We showed that
short-term clinical worsening is a clear risk factor for worsening at 2 years in established
knee and hip OA (chapter 5). It is very important that our research is replicated in the future
to evaluate whether this finding can be applied across other OA patients or whether this is a
“false-positive finding”.

Thereisincreasing concernamong leading researchers thatin modern research, false-positive
findings may be the majority of published research.33%7 We developed a prediction model;
the development and interpretation of predictive research is challenging for several reasons
and the following three important methodological aspects could be responsible for causing
false-positive results in predictive research 1) inadequate selection of predictor variables, 2)
insufficient sample size of the model, and 3) lack of validation 33

1) A common source leading to false-positive findings is that selection of predictor variables
forthe model is based on statistical significance (p < 0.05) from the set of candidate predictors,
instead of theoretical reasoning. An univariate screening from a large number of candidate
predictorsis knowntolead to chance findings and thusto less performing models. We selected
independent variables based on the literature and clinical relevance, which can be seen as a
strength.

2)Inadequate sample size at model development. Often, small cohorts and limited total events
aggravate various problems at model development. Various authors recommend to use a rule
of thumb, a recommendation which is supported by simulation studies.*> A common rule of
thumb is to formulate sample size requirements as events per variable, with a minimum of 10
events per variable. Considering the 116 patients that did not worsen in our study, and using
this rule of thumb, this is sufficient to build a reliable and concise prediction model including
the 12 predictors we described.

3) Validation is often limited. Initially, a good internal validity could contribute to reducing
this by paying close attention to the two points mentioned above. Nevertheless, risks from
prediction models tend to be overestimated and it is therefore recommended to additionally
correct for overfitting or optimism of performance measures to further improve the internal
validity.#+4 Moreover, external validation is recommended by applying the internal validated
prediction model in an external dataset. The aforementioned point of overfitting seems to
be a methodological limitation with respect to our results. We did not provide a mechanism
to account for model overfitting and it would have been better if we had initially validated
the model internally. Ideally, we should have performed internal validation using shrinkage
techniques by performing bootstrapping. Therefore, further external validation, as commonly
recommended, is of great importance to counter false positive findings and is required by
evaluating the performance of the added predictive value of short term clinical worsening in
anotherdataset, preferably byanindependentteam. Nevertheless, we estimated that patients
who have clinically worsened at 3 months, despite optimized multimodal non-surgical
treatment, have an almost threefold increased odds ratio for having worsened at 2 years.
If we had applied internal validation of our model using shrinkage techniques, we expect it
would still be likely that this had resulted in a clinically relevant predictor. A predictive value is
generally considered clinically relevant if the odds ratios is at least > 2.0 or < 0.5.2 With regard
to our newly proposed worsening criteria, these were first tested in a development cohort,
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and then, validated in a different cohort. This could best be regarded as preliminary validated,
hence the term preliminary worsening criteria, since it is about the same Dutch population
regarding patients with established OA. However, to contribute to reducing false-positive
research findings, we recommend external replication in multiple cohorts of both our newly
developed worsening criteria and our predictor of short-term clinical worsening being a risk
factor forworsening at 2 years.

To increase the quality of prognostic studies in the future, journals could require adherence
to the TRIPOD statement (Transparent Reporting of a multivariable prediction model for
Individual Prognosis Or Diagnosis (http://www.tripod-statement.org, which aims to improve
the reporting of studies worldwide developing, validating, or updating a prediction model.#4)
Additionally, reproducibility could be improved by requiring higher reporting standards. For
example, by not publishing the first studies, unless validation in another cohort is part of the
original publication. More and more journals require a form of validation of results which will
probably increase the quality of predictors in future studies, although a change in priorities
of the academic field is also required.?%> Creating better incentives for replication studies
would also help counter this. Nowadays, it is fairly difficult to externally validate a prediction
model in another population, because it is difficult to get research funding for this topicin the
first place, and moreover, this kind of research is not always rewarded in the research world.
It would be desirable if journals were more equipped to publish negative results more often
in case that predictors cannot be validated in a separate cohort. Furthermore, replication
studies should be seen as an essential part of science.46 Above all, external replication in
multiple cohorts will always verify the applicability of each predictor.

Quality of the evidence on the effectiveness of low-dose radiation therapy

At the start of the clinical studies performed in this thesis, we aimed to contribute to the
knowledge about the effectiveness of low-dose radiation therapy (LDRT) as treatment for
knee OA (chapters 7 and 8). LDRT for benign disorders such as knee OA is indeed widely used
as treatment in some parts of the world, despite the absence of controlled studies.**® In our
randomized, double-blinded, sham-controlled trial, we found that treatment with LDRT does
not lead to a substantial reduction of symptoms when compared to sham treatment. In view
of the absence of other high-level quality evidence in favor of LDRT, we advise against its use
as treatment for knee OA. Because this treatment is still widely used in some countries, future
efforts should focus on deimplementation of LDRT by changing the beliefs of both patientsand
involved clinicians about the efficacy of LDRT. This is easier said than done. It is striking that
previous research in another disease area has shown that trial results had little or no impact
on the beliefs of the involved clinicians, i.e. they did not adjust their beliefs to the extent that
was expected according to Bayes’ theorem.* This raises an interesting direction for future
research that could focus on methods to elicit beliefs in the effectiveness of an evaluated
intervention and, ideally, to evaluate the distribution of both prior and posterior beliefs before
and after publication of study results.5°5

Additionally, it is important that future research should also focus on the quality of the
scientific evidence of LDRT treatment for other benign (musculoskeletal) disorders, for which
high-quality studies are also lacking.5> There is a need to question and discuss the necessity
of treatments commonly used but not supported by evidence. In recent years this problem
has gained more attention and the internationally expanding Choosing Wisely campaign
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is a good example of the effort taken to decrease tests and treatments that does not have
additional value for patients and may even cause harm.3 Several international scientific
societies provided a list yielding the most relevant treatments that lack scientific evidence.
Also, an increasing number of Dutch scientific societies are making an inventory of the
relevant absences of knowledge of existing treatments, because a good scientific basis for
these treatments is lacking. Recently, the evidence for the effectiveness of LDRT for benign
diseases has been reviewed.>* The authors conclude that in the UK the use of radiotherapy
for benign conditions is limited, in contrast to practice in Germany.>* They also conclude that
interpretation of the literature on radiotherapy for benign conditions is problematic because
much of the evidence is based on case reports and single institution case series, although
some randomized studies and systematic reviews do exist.> | therefore recommended to add
the effectiveness of LDRT treatment for other benign (musculoskeletal) disorders, for which
high-quality studies are also lacking to the Choosing Wisely list of the European society for
radiotherapy and oncology or to that of Germany considering the relatively high use in this
country, 46475t

Conclusion

Considering OA being a serious health problem, this thesis aimed to contribute to the body
of knowledge regarding the non-surgical management of established knee and hip OA. We
focused on clinical worsening, because the possibility of an unfavorable prognosis/course is
important for clinical decision-making. Further refinement and external validation of our
preliminaryvalidated worseningcriteria could enhanceidentification of risk factors forclinical
progression in the future. In addition, our clear predictor of short-term clinical worsening
despite optimized non-surgical treatment for worsening at 2 years, could be used for patient
information about prognosis and in particularfor targeting more advanced treatment options
to more severely affected patient subgroups. Of course, replication of our findings in other OA
cohorts is necessary. Finally, we advise against the use of LDRT as treatment for knee OA.
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Chapter 10

Bijdragen aan de aanpak van artrose

Hoofdstuk 1: inleiding

Artrose is een gewrichtsaandoening die alle weefsels van het gewricht aantast. Het wordt
gekenmerkt door afbraak van kraakbeen, de vorming van puntige, benige uitgroeisels
aan de randen van het gewricht (osteofyten), verdikking van het bot onder het kraakbeen
(subchondrale botsclerose), veranderingen in ligamenten en spieren en ontsteking van de
slijmvlieslaag aan de binnenkant van het gewrichtskapsel (het synovium). Artrose kan in
elk gewricht voorkomen, maar komt het meeste voor in de knie, hand of de heup. Artrose in
de knie of de heup is om drie verschillende redenen een groot gezondheidsprobleem. Ten
eerste ervaren mensen met artrose pijn en beperkingen bij het uitvoeren van activiteiten
zoals lopen en traplopen die leiden tot een verminderde kwaliteit van leven. Ten tweede is
het de meest voorkomende chronische gewrichtsaandoening. De incidentie en prevalentie
van symptomatische artrose van de knie en de heup zijn de afgelopen decennia aanzienlijk
gestegen, voornamelijk door een combinatie van de vergrijzende bevolking en de groeiende
obesitas epidemie. Artrose is wereldwijd de snelst groeiende oorzaak van invaliditeit
geworden. Ook in Nederland is artrose de snelst groeiende ziekte met een toename van 1,2
miljoen patiénten in 2015 tot een verwachte 2,2 miljoen in 2040. Ten derde is artrose een groot
gezondheidsprobleem omdat dit vooral in de ontwikkelde landen leidt tot een groeiende
impact op de gezondheidszorg(capaciteit) en op toekomstige sociaal economische kosten.
Daardoor heeft artrose een grote maatschappelijkimpact.

Voor artrose bestaat geen curatieve behandeling. De behandeling is primair gericht op
het verminderen van de klachten zoals pijn en functiebeperking. De behandeling bestaat
uit een niet-chirurgische component (zoals voorlichting, lichaamsbeweging, pijnstillers,
leefstijladviezen inclusief gewichtsverlies bij patiénten met overgewicht) en een chirurgische
component (zoals totale gewrichtsvervanging). Verschillende internationale richtlijnen
benadrukken het belang en de doeltreffendheid van het starten met niet-chirurgische
behandeling, voordat chirurgisch ingrijpen wordt overwogen. Toch is bekend dat niet-
chirurgische behandelingen onvoldoende worden benut. Daarnaast is bekend dat het
aantal operaties aanzienlijk toeneemt, waarbij geschat wordt dat bij 20-30% van de
gewrichtsvervangende operaties de indicatie te vroeg is gesteld. Aan de andere kant is het
wetenschappelijk tot nu toe niet mogelijk gebleken om geschikte criteria te formuleren
voor het stellen van deze indicatie en wordt in het algemeen gevaren op een combinatie van
pijn, beperking in het dagelijks leven en radiologische schade. In het algemeen wordt een
gewrichtsvervangende operatie als een effectieve behandeling beschouwd, waarbij totale
knievervanging mindereffectiefisinvergelijking metvervanging van de heup. Na het plaatsen
van een totale knieprothese is tot 30% van de patiénten niet tevreden met het resultaat.

Gezien de zware ziektelast, de hoge en stijgende prevalentie en de toenemende economische
impact, is er een duidelijke behoefte aan verbetering van de mogelijkheden van niet-
chirurgische behandeling van knie- en heupartrose. Daarbij is het belangrijk om de hele
aanpak mee te nemen inclusief het gebruik van de juiste meetinstrumenten om onderzoek
mee te kunnen doen. Het doel van dit proefschrift is om een bijdrage te leveren aan

A) hetvinden van de meest geschikte meetinstrumenten

B) de identificatie van risicofactoren voor verslechtering van klachten en

C) het bewijs voor nieuwe niet-chirurgische behandelmogelijkheden.
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Dit proefschrift richt zich voornamelijk op patiénten met gevorderde knie- of heupartrose
waarbij de overgrote meerderheid volgens hun orthopedisch chirurg nog niet in aanmerking
komt voor een gewrichtsvervangende operatie.

A) Geschikte meetinstrumenten
Veranderingen in klachten kunnen vanuit het perspectief van de patiént worden onderzocht
door middel van zogenaamde patiént-gerapporteerde uitkomstmaten.

Hoofdstuk 2: de responsiviteit van verschillende vragenlijsten

Voor het meten van het dagelijks functioneren bij mensen met knieartrose zijn verschillende
valide en betrouwbare vragenlijsten beschikbaar. Voor het monitoren van patiénten of het
evalueren van de effectiviteit van interventies, is het van belang dat verandering in dagelijks
functioneren adequaat gemeten kan worden. Het meten van verandering wordt ook wel
responsiviteit genoemd. In hoofdstuk 2 hebben we de responsiviteit onderzocht van vier veel
gebruikte vragenlijsten om dagelijks functioneren te meten bij patiénten met symptomatische
knieartrose die niet-chirurgische behandeling hadden ondergaan. We hebben de volgende
vragenlijsten onderzocht: de korte versie van de Knee Injury and Osteoarthritis Outcome Score
Function (KOOS-PS), Lequesne Algofunctional index (LAI), Lower Extremity Functional Scale
(LEFS) en Western Ontario and McMaster Universities Osteoarthritis Index Physical Function
subscale (WOMAC-PF). We hebben dit gedaan door het testen van vooraf geformuleerde
hypothesen oververwachte (of afwezigheid van) correlaties tussen veranderingen in dagelijks
functioneren en veranderingen in andere gerelateerde en niet-gerelateerde constructen. De
resultaten hebben we gebruikt om een weloverwogen keuze te maken voor een vragenlijst
die dagelijks functioneren meet (WOMAC-PF) in ons gerandomiseerde en gecontroleerde
onderzoek naar de effectiviteit van een lage dosering bestraling op klachten van knieartrose
(hoofdstuk 8).

Belangrijke bevinding I: De WOMAC-PF is het beste in staat om veranderingen in de tijd te
detecterenin hetdagelijks functioneren bij patiénten metknieartrose die gestandaardiseerde
niet-chirurgische behandeling hebben ondergaan.

Hoofdstuk 3: acceptabele gezondheidstoestand

In dit hoofdstuk hebben we een prospectieve studie uitgevoerd om te onderzoeken welk
niveau van klachten acceptabel is voor mensen met artrose; dit noemen we de PASS (Patient
Acceptable Symptom State). De PASS is een gezondheidstoestand die wordt gedefinieerd
als het hoogste niveau van klachten dat de meerderheid van de patiénten acceptabel vindt.
Daarnaast hebben we de invloed beoordeeld van geslacht, leeftijd, duur van de klachten en
depressieve gevoelens op de geschatte PASS-waarden. We definieerden de PASS-waarde
als het 75e percentiel van de score van vragenlijsten voor die patiénten die hun toestand
acceptabel vinden. We hebben de volgende vragenlijsten onderzocht: de korte versie van de
Knee Injury and Osteoarthritis Outcome Score Function (KOOS-PS), Lequesne Algofunctional
Index (LAl), de Lower Extremity Functional Scale (LEFS) en de fysiek functioneren subschaal van
de WOMAC (WOMAC-PF).Onze resultaten laten zien dat PASS-waarden tussen verschillende
vragenlijsten onderling vergelijkbaar zijn. We concluderen daarom dat PASS-afkapwaarden
bij patiénten met symptomatische knieartrose robuust zijn en dat verschillende vragenlijsten
kunnen worden gebruikt om de PASS-waarden voor het dagelijks functioneren te bepalen.
Daarnaast hebben we vastgesteld dat vrouwelijke patiénten en patiénten met depressieve
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symptomen een lagere kans hebben om de PASS-waarden te bereiken. We hebben echter
ook waargenomen dat patiénten in ons knieartrose cohort een hoger niveau van klachten
acceptabel vinden dan eerder gerapporteerd is voor andere reumatische aandoeningen.
We concluderen dat het gebruik van één generieke PASS-waarde bij patiénten met artrose
mogelijk nietjuistis en datdit ook zou kunnen gelden voor patiénten met andere reumatische
aandoeningen.

Belangrijke bevinding I1: PASS-afkapwaarden bij patiénten met symptomatische knieartrose
zijn robuust voor verschillende vragenlijsten die het dagelijks functioneren meten.

B) Identificatie van risicofactoren voor verslechtering van de klachten

Het natuurlijke beloop van pijn en dagelijks functioneren in artrose is zeer variabel en
heterogeen. De meeste patiénten lijken stabiel te blijven, terwijl anderen verslechteren en
sommigen zelfs verbeteren. Het individuele beloop van artrose is moeilijk te voorspellen
omdat de onderliggende mechanismen en risicofactoren voor verslechtering van de klachten
nog grotendeels onbekend zijn. Het bepalen van risicofactoren zou kunnen bijdragen
aan de identificatie van fenotypen oftewel specifieke subgroepen van patiénten met een
ongunstig beloop die mogelijk in aanmerking komen voor specifieke en meer geavanceerde
behandelopties.

Hoofdstuk 4: definitie van verslechtering van klachten

In hoofdstuk 4 beschrijven we de ontwikkeling en validatie van criteria voor symptomatische
verslechtering van knie- en heupartrose op basis van literatuur, expert opinion en
data. De beoordeling van de literatuur door de expertgroep leverde 5 eerder gebruikte
verslechteringscriteria op. Daarnaast bereikte deze expertgroep consensus over 10 nieuwe
verslechteringscriteria. Deze werden in twee databestanden van patiénten met knie- of
heupartrose getest. Deze datasets bestonden uit 219 patiénten (ontwikkelcohort) en 296
patiénten (validatiecohort). Vervolgens onderzochten we, met behulp van het oordeel van de
patiéntals extern anker, de sensitiviteit en specificiteit van de 5 uit de literatuur geselecteerde
en de 10 nieuwe verslechteringscriteria in het validatiecohort. De uit de literatuur
geselecteerde verslechteringscriteria bleken specifiek te zijn, maar niet sensitief. Twee van
de 10 nieuwe verslechteringscriteria die door de expertgroep waren opgesteld toonden een
acceptabele combinatie van sensitiviteit en specificiteitin beide cohorten. We bevelen aan om
deze criteria verder te onderzoeken en valideren in andere knie- en heupartrose populaties.

Belangrijke bevinding IlI: De nieuw ontwikkelde criteria voor verslechtering van klachten bij
knie- en heupartrose toonden een acceptabele combinatie van sensitiviteit en specificiteit.

Belangrijke bevinding IV: De nieuw ontwikkelde criteria voor verslechtering van klachten bij
knie- en heupartrose bevatten relatief kleine absolute en relatieve veranderingen van door
patiént-gerapporteerde-uitkomstmaten in vergelijking met verbeteringscriteria.

Hoofdstuk 5: is korte termijn verslechtering van de klachten een voorspeller voor
verslechtering na 2 jaar?

In dit hoofdstuk onderzochten we bij patiénten met knie- en heupartrose wat de
toegevoegde voorspellende waarde is van falen van geoptimaliseerde niet-chirurgische
behandeling voor verslechtering na 2 jaar. Hierbij werd gebruik gemaakt van de gevalideerde
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verslechteringscriteria uit hoofdstuk 4. Als een patiént aan deze criteria voldeed of een totale
gewrichtsvervanging had ondergaan, kwamdezein de groep die wasverslechterd na2jaar. We
vonden dat na 2jaar meer dan de helft van de pati€nten met gevorderde knie- en heupartrose
(knie 59%, heup 71%) in de tweedelijn was verslechterd en 39% van deze patiénten een
gewrichtsvervangende operatie had ondergaan. Een groter aantal patiénten met knieartrose
vertoonde verslechtering van de klachten na 2 jaar in vergelijking met patiénten met
heupartrose. Het aandeel pati€énten dat een gewrichtsvervangende operatie onderging was
echter lager voor patiénten met knie- dan heupartrose. Verslechtering van de klachten na 3
maanden bleek een duidelijke onafhankelijke voorspeller te zijn voor verslechtering na 2 jaar.
Vergelijkbare resultaten verkregen we wanneer alleen een gewrichtsvervangende operatie
na 2 jaar werd gebruikt als uitkomstmaat. Onze bevindingen suggereren dat herbeoordeling
van klachten na geoptimaliseerde niet-chirurgische behandeling van 3 maanden zinvol
zou kunnen zijn om zowel patiénten als (orthopedisch) chirurgen te ondersteunen in de
besluitvorming over de juiste timing van een gewrichtsvervangende operatie. Bovendien kan
deze informatie worden gebruikt om subgroepen van patiénten te identificeren die mogelijk
in aanmerking komen voor nieuwe en geavanceerde behandelopties.

Belangrijke bevinding V: Korte termijn symptomatische verslechtering is een duidelijke
onafhankelijke risicofactor voor verslechtering van knie- en heupartrose klachten na 2 jaar.

Hoofdstuk 6: associatie tussen S100A8/A9g en verschillende kenmerken van artrose

Bij artrose speelt laaggradige synoviale ontsteking een rol. Daarom hebben we in hoofdstuk
6 in een dwarsdoorsnede onderzoek bekeken of de serumwaarde van een pro-inflammatoire
marker S100A8/Ag9 (ook wel calprotectine genoemd) geassocieerd is met klachten en
structurele afwijkingen bij patiénten met gevorderde knie-, heup- of handartrose. Serum
S100A8/Ag9-waarden bij deze patiénten blijken niet geassocieerd te zijn met klachten zoals
pijn, stijfheid en dagelijks functioneren. Wel zijn ze positief geassocieerd met de bezinking
en negatief geassocieerd met de somscore van osteofyten. Bovendien werd in de groep met
handartrose een zwakke omgekeerde relatie gevonden tussen de waarde van S100A8/Ag en
de somscore van de vernauwing van gewrichtsruimte. Onze resultaten geven aan dat serum
S100A8/Ag geen belangrijke markerisvoorde ernst van klachten en structurele afwijkingen bij
patiénten met gevorderde knie-, heup- en handartrose.

Belangrijke bevinding VI: S100A8/Ag-waarden zijn geen relevante marker voor de ernst
van klachten en ook niet voor structurele afwijkingen bij patiénten met knie-, heup- of
handartrose.

C) Bewijs van een nieuwe niet-chirurgische behandeling

Een lage dosis bestraling zou een nieuwe niet-operatieve mogelijkheid van behandeling
kunnen zijn voor patiénten met artrose bij wie niet-chirurgische behandeling onvoldoende
effectief zijn en voor wie chirurgische behandeling (nog) geen optie is. Eerdere in vitro-
en dierstudies hebben aangetoond dat een lage dosis bestraling ontstekingsremmend
werkt. Behandeling met een lage dosering straling wordt veel gebruikt voor goedaardige
aandoeningen zoals knieartrose in Duitsland en Oost-Europese landen. Het is dus wenselijk
om meerinzicht te krijgen in de effectiviteit van deze behandeling voor artrose.
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Hoofdstuk 7: systematische review over de effectiviteit van een lage dosering bestraling
op pijn en dagelijks functioneren

Dit hoofdstuk is de gewijd aan een systematische beoordeling van de literatuur over
de werkzaamheid en veiligheid van een lage dosis bestraling op pijn en het dagelijks
functioneren bij patiénten met artrose. Zeven studies waren geschikt voor inclusie. Deze
studies rapporteerden datde pijn en het dagelijks functioneren verbeterden bij respectievelijk
25-90% en 29-71% van de patiénten. De methodologische kwaliteit van alle onderzoeken
beoordeelden we echter als zwak doordat gebruikt was gemaakt van niet-geblindeerde,
retrospectieve en ongecontroleerde onderzoeken en van niet-gevalideerde uitkomstmaten.
Daarom concluderen we dat er momenteel onvoldoende bewijs op hoog niveau is voor de
effectiviteit van behandeling met een lage dosering bestraling bij patiénten met artrose.

Hoofdstuk 8: is behandeling met een lage dosering bestraling effectief bij knieartrose?
Het doel van deze studie is om met goed opgezet onderzoek de effectiviteit van behandeling
met een lage dosis bestraling op klachten bij patiénten met knieartrose te beoordelen. Het
secundaire doel is om het effect op ontsteking te onderzoeken. In deze studie hebben we 55
patiénten met knieartrose geincludeerd, met een leeftijd van minimaal 50 jaar, een pijnscore
van groter dan of gelijk aan 5/10 en onvoldoende verbetering op pijnstillers en oefentherapie.
Patiénten werden 1:1 gerandomiseerd om zes keer in twee weken echte of placebo bestraling
te krijgen. De primaire uitkomstmaat was het percentage responders drie maanden na
de interventie, volgens de OMERACT-OARSI responder criteria. De secundaire uitkomsten
bestonden uit inflammatoire parameters die werden beoordeeld met behulp van echo,
Magnetic Resonance Imaging (MRI) en inflammatoire markers in het bloed. We hebben
geconcludeerd dat behandeling met lage dosis bestraling bij patiénten met knieartrose
niet leidt tot een substantiéle vermindering van de klachten in vergelijking met placebo
behandeling. Daarom adviseren wij op basis van deze gerandomiseerde, geblindeerde
en placebo gecontroleerde studie en de afwezigheid van ander hoogwaardig bewijs, lage
dosering bestraling niet te gebruiken als behandeling van knieartrose.

Belangrijke bevinding VII: Behandeling met een lage dosis bestraling bij patiénten met
knieartrose leidt niet tot een substantiéle vermindering van de klachten in vergelijking met
placebo.

Hoofstuk 9: discussie

In het laatste hoofdstuk bediscussiéren we de belangrijkste resultaten en methodologische
aspecten van dit proefschrift. Daarnaast geven we een aantal implicaties voor de klinische
praktijk en formuleren we suggesties voor toekomstig onderzoek.

Samenvattend

Artrose is een groot gezondheidsprobleem vanwege de zware ziektelast, de stijgende
prevalentie en de toenemende economische impact. Dit proefschrift heeft tot doel een
bijdrage te leveren aan de aanpak van niet-chirurgische knie- en heupartrose. Allereerst
hebben we eigenschappen onderzocht van vragenlijsten om dagelijks functioneren te meten
bij deze groep. Daarnaast hebben we ons gericht op verslechtering van de klachten omdat het
risico op een ongunstige prognose van belang is voor de klinische besluitvorming. We hebben
gevalideerde verslechteringscriteria ontwikkeld en gevalideerd. Verdere verfijning en externe
validatie hiervan zouden de identificatie van risicofactoren voor progressie van klachten
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in de toekomst kunnen verbeteren. Wij vonden dat verslechtering van de klachten op korte
termijn, ondanks geoptimaliseerde niet-chirurgische behandeling, een duidelijke voorspeller
is voor verslechtering na 2 jaar. Dit kan vooral worden gebruikt om subgroepen van patiénten
te identificeren die mogelijk in aanmerking komen voor specifieke en meer geavanceerde
behandelopties. Replicatie van onze bevindingen in andere artrose cohorten is noodzakelijk.
Tot slot raden we behandeling van knieartrose met lage dosering bestraling sterk af.
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Dankwoord

Wat prijs ik mij gelukkig dat ik de gelegenheid heb gekregen om mijn grote wens, het
combineren van patiéntenzorg en epidemiologisch onderzoek, in vervulling te laten gaan. Ik
houd erg van reizen en heb mijn promotietraject ook altijd als een reis beschouwd. Hoewel
de voorkant van dit proefschrift misschien anders doet vermoeden, heb ik dit traject niet
ervaren als een landschap vol bergen en dalen, alhoewel de eindspurt een pittige klim was.
Deze promotiereis is nu ten einde en dit boekje is met de hulp van heel veel mensen tot stand
gekomen. Hen wil ik graag bedanken.

Allereerst ben ik veel dank verschuldigd aan alle artrosepatiénten die belangeloos aan
de onderzoeken hebben deelgenomen. Keer op keer hebben jullie vragenlijsten ingevuld,
bezoeken afgelegd, bloed afgestaan en een deel van jullie heeft zich zelfs onderworpen aan 6
keer echte of nepbestraling. Dankjullie wel!

Prof.dr. Van den Hoogen, beste Frank, zoals bij velen ben je ook bij mij de linking pin naar
de reumatologie. Ik was verbaasd dat jij nog steeds enthousiast was over mij voor de eerste
ANIOS reumatologie functie in de SMK, terwijl we elkaar in eerste instantie nauwelijks
konden verstaan vanwege de nogal luide muziek uit mijn studentenhuis die door de hoorn
galmde. Frank, jij denkt altijd in kansen en zorgt ervoor dat mensen in hun kracht komen te
staan, terwijl je ondertussen wel de hoogste berg wil beklimmen. Zonder jou had ik nooit
aan dit avontuur kunnen beginnen. Bedankt ook voor je altijd weer frisse blik en daaruit
voortvloeiende waardevolle suggesties. Wat mooi dat je later als tweede promotor aan het
team kon worden toegevoegd.

Daarnaast wil ik graag mijn copromotoren en eerste promotor bedanken voor de begeleiding.

Dr. Den Broeder en dr. Van den Ende, beste Alfons en Els, jullie vormen samen een mooi
complementairpromotieteamwaarbijAlfonsinheteerstedeelenElsindetweede helftmeerde
rol van eerste begeleider op zich heeft genomen. Alfons, jij was in het begin ook medisch hoofd
en samen met Frank wist je dat ik een lang gekoesterde wens had om promotieonderzoek te
doen. Zonder je berichtje ‘hapje eten?’ had dit boekje er niet gelegen. Ik ging namelijk niet met
de intentie naar het etentje onder aan de berg in Tante Koosje om in de SMK te gaan werken
en promoveren. Ik ben jullie voor altijd dankbaar dat jullie mij deze kans hebben gegeven en

van de zaak weet te komen en mij van praktische adviezen weet te voorzien. We delen de
interesse voor de epidemiologie. Je beschikt over een soort van onuitputtelijke kennis, waarbij
je altijd weer nieuwe zaken weet in te brengen. Vanwege mijn beperkte onderzoekstijd, ging
ik voor doelgerichtheid, maar jij probeerde me juist te laten divergeren. Daarbij schudde je
dan verrassende termen als ‘de Abilene paradox’ en ‘de experiencing and remembering self’
uit je mouw. Dank ook voor je enorme arsenaal aan grappen waarmee jij menig overleg hebt
weten te verrijken. Els, jij weet precies hoe het moet en bent in staat om je kennis en ervaring,
zowel op inhoudelijk als op begeleidingsniveau, op een fijne manier te delen. Ik denk dat
het niet voor iedereen duidelijk is hoe groot daadwerkelijk jouw betrokkenheid is geweest.
Heel veel dank voor je kritische blik en suggesties voor scherpere formuleringen. Regelmatig
leverden je suggesties in eerste instantie meer werk op, maar uiteindelijk was ik je keer op
keer enorm dankbaar omdat het altijd leidde tot verbetering. Bedankt dat je er altijd was,
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voor je persoonlijke betrokkenheid en voor je begrip dat ik als clinicus met een beperkte
onderzoeksaanstelling een beetje een vreemde eend in de bijt was.

Prof.dr. Bijlsma, beste Hans,wat heb ik het getroffen metjou als promotor. Je hebt werkelijk een
dijkaanervaringen ook op hetartrosegebied heb jijje sporen ruimschoots verdiend. Je liet me,
eigenlijk mijn copromotoren, redelijk vrij en indien nodig was je er. Dank voor je flexibiliteit,
interesse in mij als persoon, goede raad, altijd snelle reacties en bereidheid om naar Nijmegen
te komen. Tijdens onze overleggen heb ik er steeds weer van genoten hoe handig jij weet te
schakelen tussen je diverse rollen. Feilloos wissel je een diepe duik in de inhoud af met het
overzien van de situatie binnen een mum van tijd, hak je zo nodig soepel knopen door en weet
je ondertussen mensen ook nog te verbinden en te enthousiasmeren.

Leden van de manuscriptcommissie, prof.dr. Lafeber, prof.dr. Weinans, dr. Jiirgenliemk-Schulz,
prof.dr. Verbeek, prof.dr. Kloppenburg, bedankt voor jullie bereidheid om het manuscript te
beoordelen en zitting te nemen in de oppositie.

Prof.dr. Verbeek, beste André, bedankt dat je het mogelijk hebt gemaakt om het
opleidingstraject tot epidemioloog B te volgen. Achteraf gezien zie ik het als een voorrecht
om pas navier keer te zijn uitgeloot voor geneeskunde, alsnog via de hardheidsclausule te zijn
toegelaten waardoor ik ook een BMW studie heb kunnen afronden. Ik heb lang getwijfeld of ik
nog wel met geneeskunde zou starten, maar de combinatie van patiéntenzorg met onderzoek
inspireert mij nog altijd het meest.

Alle coauteurs, senior onderzoekers en Jaap wil ik heel hartelijk bedanken voor de
samenwerking, hulp en commentaren. Michiel, bedankt voor de samenwerking en je
ondersteuning bij de uitvoer en analyses van de radiotherapie trial. Ik wens je veel succes
met de laatste loodjes. Nathan en Nadine, wat een cadeau om te mogen werken met twee
jonge, enthousiaste en efficiénte BMW’ers. Nienke, bedankt voor je betrokkenheid bij het
responsiviteitsstuk. Gijs, een deel van de artikelen komt voort uit wat begon als jouw project,
dankjewel. Leden van de expertgroep enin het bijzonder Joke wil ik bedanken voor het sparren
over deze ingewikkelde materie. En tenslotte Tilly en Simone, bedankt voor jullie belangrijke
bijdragen aan het radiotherapie stuk. Zonder jullie was het nooit zover gekomen!

Promotieonderzoek combineren met het werk als reumatoloog is alleen mogelijk met een
werkomgeving diedatondersteunt.Alle collegareumatologenen PA’s,bedanktvoorveelsteun,
begrip en gezelligheid. Daarnaast A(N)IOS, verpleegkundigen, dokters- en poliassistentes,
planners, (MT)secretariaat, ontzettend bedankt voor jullie hulp. Vincent, enorm bedankt
voor je hulp en flexibiliteit bij het includeren van patiénten en Dicky voor de administratie
van de verschillende studies. Marcel en Maurice, wat kwam ik goed terecht door tijdens
mijn eerste baan als ANIOS onder jullie supervisie te mogen werken. Dirk-Jan, dank voor het
scoren van heel veel foto’s. Dank ook aan de orthopeden voor de samenwerking. Ik heb veel
reuma- en farmacieonderzoekers mogen meemaken, dank voor jullie inspiraties, suggesties
en samenwerking tijdens de schrijfdagen. Karen en Noortje, dank dat ik mocht aansluiten bij
jullie reeds lopende Utrecht-overleggen. Jullie promoties waren wel een aderlating voor mij
aangezien onze gezamenlijke overleggen en reisjes naar Utrecht daarmee ook stopten. Joost,
als er iemand is die parallel met mij de wegen heeft bewandeld, ben jij het wel. We startten
als AIOS in Rijnstate, gingen samen naar het Radboudumc en werden daarna weer collega’s in

zowel Nijmegen als Boxmeer. Wat fijn dat je mijn paranimf wilt zijn.

Mijn vrienden en familie wil ik bedanken voor de afwisseling van werk met ontspanning en
gezelligheid en voor het begrip dat het contact de laatste tijd op een lager pitje heeft gestaan.
Lieve Elzendalers, ondanks dat we flink verspreid over het land wonen, voelt het altijd weer
als vanouds als we elkaar zien. Irene, een huis naast elkaar is jammer genoeg niet gelukt. Fijn
datje nuals paranimf naast me wil staan. Wat was die Utrecht tijd toch eigenlijk relaxed. Zeist
en Nijmegen is met banen en gezinnen erbij toch best een afstand. Ik hoop dat we nog heel
lang vriendinnen blijven. Lieve DMeiden, wat een fantastische studietijd hebben we gehad.
Jullie vriendschap is me ontzettend dierbaar. We hebben al zo’n 20 jaarlijkse weekendjes
en sinterkersten gehad en ik hoop op minstens het dubbele. Irene, speciaal bedankt voor
de herintroductie in het Nijmeegse. Dat was wel nodig aangezien ik op een studentenfiets
vertrok en terug kwam in een volle gezinsauto. Lieve ex-DHV-/Utrecht-groep, wat tof dat jullie
meekwamen met Koen en wat heerlijk dat daar (bijna) geen medico’s rondlopen.

Mijn ouders, Margje, Meindert, Elly & Ger, Saskia & Peter, neefjes en nichtje wil ik danken voor
de afleiding, steun en interesse. Jullie wisten dat ik bezig was met een promotie, maar hebben
vooral de drukte kunnen zien die dat met zich meebracht en zeker het laatste jaar mijn
beperktere aanwezigheid daardoor. Lieve ouders, zonder jullie was ik niet gekomen waar ik
nu ben. Hetreizen is me met de paplepel ingegoten en jullie gingen er altijd maar vanuitdat ik
nietin zeven sloten tegelijk zou lopen. (Schoon)ouders, het is een grote luxe om een beroep op
jullie te kunnen doen als oppas back-up. Bedankt! Speciaal dank voor mijn moeder die vooral
het laatste jaar veel oppas overuren heeft gemaakt waarbij ook ingewikkelde planningen
altijd prima waren. Lieve Wout, Hille en Tom, jullie zijn het mooiste geschenk en ik ben trots
opjullie.Jullie maken ogenschijnlijk belangrijke zaken relatiefen kleine dagelijkse bezigheden
waardevol. Zo lijkt dit boekje misschien belangrijk omdat ik hierdoor vaak afwezig was en
mijn verloven eraan zijn opgegaan, maar niets is minder waar. Dankzij jullie brengt elke dag
weer nieuwe verrassingen en enthousiaste verwonderingen met zich mee. Ik verheug me op
meer tijd met zijn allen. Lieve Koen, zonder jou was het zeker nooit gelukt. Achteraf gezien
was het best een uitdaging om als kersverse reumatoloog op twee locaties te gaan werken
in combinatie met de start van een promotieonderzoek terwijl onze derde telg net geboren
was en wij voor onze banen allebei forensden vanuit Arnhem. De laatste jaren zijn geleidelijk
aan steeds meer gezinstaken naar jou toegegaan waarbij je vooral het laatste jaar eigenlijk
het hele reilen en zeilen van ons gezin op je hebt genomen. Vanaf nu ga ik geen sabbatical en
ouderschapsverlof meer opnemen om extra onderzoekstijd te creéren en ga ik het inzetten
voor ons vijfjes. Bedankt voor al je optimisme, steun, relativeringsvermogen en flexibiliteit.
Met je humor tover je altijd weer een lach op mijn gezicht. Maar pas op metdie 1april grappen
waarbij zelfs deze promotie niet door leek te gaan. Onze reis startte in 2001 en een jaar later
vertrokken we als backpackers naar hetadembenemende Nepal. De prachtige bergen hebben
ons sindsdien nooit meer losgelaten en reizen doen we nog steeds erg graag. We kochten een
huis in Utrecht en mijn werk bracht ons naar Arnhem en Nijmegen. Deze promotiereis is nu
afgelopen en ik hoop dat wij samen nog heel veel mooie reizen tegemoet gaan.
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