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Examining the validity of the rheumatoid arthritis
magnetic resonance imaging score according to the
OMERACT filter—a systematic literature review

Thasia G. Woodworth1,*, Olga Morgacheva1,*, Olga L. Pimienta2,
Orrin M. Troum2, Veena K. Ranganath1 and Daniel E. Furst1

Abstract

Objective. To examine whether the RA MRI score (RAMRIS) for RA of the wrist/hand meets the

OMERACT filter criteria—truth (validity), discrimination and feasibility.

Methods. We conducted a systematic literature review in PubMed and Scopus, from 1970 through June

2014, focused on MRI measures of synovitis, osteitis/bone marrow oedema, erosions and/or joint space

narrowing in RA randomized controlled trials and observational studies with cohort size510. Strength of

evidence was assessed using the Cochrane Handbook criteria.

Results. Of 634 MRI titles/abstracts, 202 met the review criteria, with 92 providing at least 1 type of

validity. Four articles provided criterion validity, and 26 articles utilized RAMRIS to assess 1.5 T MRI

images. Histopathology data showed inflammation corresponding to MRI of synovitis and osteitis. MRI

erosions corresponded to those identified with CT. Content and construct validity for RAMRIS synovitis,

osteitis and erosions were documented by correlations with clinical, laboratory and/or radiographic data.

Each measure was sensitive to change and responsive to therapy. RAMRIS synovitis and osteitis were

able to discriminate between the efficacy of treatments vs placebo in 12-week studies, whereas RAMRIS

erosions required studies of524 weeks.

Conclusion. RAMRIS synovitis, osteitis and erosions imaged with 1.5 T MRI are valid and use-

ful for evaluating joint inflammation and damage for RA of the wrist/hand, according to the OMERACT

filter.

Key words: rheumatoid arthritis, magnetic resonance imaging, MRI, rheumatoid arthritis magnetic resonance
imaging score, RAMRIS, OMERACT filter, structural progression, clinical trials

Rheumatology key messages

. The RA MRI score was validated for 1.5 T MRI RA hand/wrist images.

. The RA MRI score for synovitis and osteitis were able to discriminate between potent treatments vs placebo in
12-week studies.

. The RA MRI score for erosions was able to discriminate with respect to worsening joint damage, but only
after524 weeks.

Introduction

RA is a systemic autoimmune disease, characterized by

persistent or recurring synovitis that is often associated

with substantial joint damage and disability [1].

Pharmaceutical developers and regulatory agencies

place a high value on labelling that presents strong evi-

dence for limitation of joint damage [2�4]. Sharp scoring of

hand and foot radiographs is considered the reference

standard for assessment of joint damage. However,
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Sharp scores are relatively unable to detect worsening

erosions and joint space narrowing (JSN) over short

periods [requiring randomized controlled trials (RCTs) of

512 months duration] [2�5]. To reliably detect the efficacy

of novel treatments that limit joint damage, sensitive

methods that measure joint inflammation and structural

damage are essential.

Periodic evaluation of MRI in studies over 3�6 months

has detected effects of treatments on both joint inflamma-

tion and damage [6�8]. Recent draft updates to the Food

and Drug Administration (2013) and European Medicines

Agency (November 2011) guidance documents acknow-

ledge that MRI measures might be useful for evaluating

RA joint damage in RCTs; however, they indicated that

MRI methods are not sufficiently validated [3, 4].

We performed a systematic literature review (SLR) to

determine the state of validation of MRI measurement

methods. Each identified method was evaluated accord-

ing to the OMERACT filter: truth (face, criterion, content

and construct validity), discrimination and feasibility

[9�11].

Methods

Search strategy

To identify validated MRI measurement methods for RA,

we conducted an SLR consistent with Preferred Reporting

Items for Systematic Reviews and Meta-analyses meth-

odology. Our initial search (1970�2011) in PubMed with

Cochrane hedge, used the terms: RA, AND MRI, AND

specific terms: for example, synovitis, JSN, erosions, os-

teitis or bone marrow oedema (BMO) AND humans AND

RCTs, clinical studies. Based on the results demonstrating

that RAMRIS was the only method with validation data,

we updated our search adding RAMRIS to the search

terms to July 2011 to July 2014. We also examined bib-

liographies of the ultimately selected articles. For the

update, we used the same search strategy in Scopus

prior to finalizing this review (see Search Strategy for RA

Imaging Markers, available at Rheumatology Online).

Article identification and evaluation

Independent pairs of authors evaluated the titles and ab-

stracts using the following criteria: RA patients518 years

of age; MRI performed as part of a clinical study;510

patients; and English. We excluded reviews, abstracts

and letters to the editor. Prior to initiating the selection

process, author pairs achieved a 95% consistency for art-

icle identification. Consensus for any disagreements was

achieved by discussion among the authors.

Level of evidence was determined using the modified

Cochrane Back Review Group criteria [12]: highest level:

single/multicentre (RCTs) describing 1.5 T MRI acquisition

and scoring together with statistical analyses and suffi-

cient clinical, laboratory and/or radiographic data to

examine validity; moderate level: single-centre RCTs and

longitudinal observational studies (LOSs) with cohort

size510, and/or limited description of MRI and/or scoring

method or/and statistical method, and/or clinical data; low

level: articles with less than moderate evidence were re-

jected. We limited our selection to articles describing re-

sults with 1.5 T MRI, since image quality with low-field

MRI is evolving. Articles describing criterion validity (e.g.

histopathology, multiparameter/micro-CT) for at least one

MRI feature were also included, regardless of cohort size).

Data extraction

Each author extracted identified articles using a standar-

dized form, entering data for MRI field strength, acquisi-

tion method and sequences, use of gadolinium (Gd), study

design, patient characteristics, measurement method(s)

and statistics used with clinical, laboratory and radio-

graphic data associated with the measure [9�11]

(Table 1). To be included, an article had to contain at

least one validity criterion for at least one MRI-assessed

feature.

Analysis and reporting methods

Descriptions of each type of validity data were tabulated

by study. To optimize our ability to identify MRI measure-

ment methods with adequate validity data, we enumer-

ated the number of studies using each method. To

examine content validity, age range, RA duration, ero-

sions, RF and ACPA status were recorded for each

study. Intra- and inter-class correlations (ICCs) and

kappa statistics were included to describe the reliability

of the measure, together with Spearman’s correlation co-

efficients examining relationships to clinical data.

Wilcoxon’s rank sum test was also used to evaluate sen-

sitivity to change and discrimination. Image acquisition

and scoring data were tabulated when available to

assist in estimating feasibility.

Results

A total of 634 titles and abstracts were examined, and 202

articles were extracted: 92 included at least 1 MRI meas-

urement method and at least 1 validity criterion. Since

RAMRIS was the only consistently used method, analysis

was limited to studies reporting data to determine the val-

idity, sensitivity to change/responsiveness, discrimination

and feasibility of RAMRIS. The majority of studies reported

RAMRIS measurement for 1.5 T MRI images (26 articles

between 1999 and June 2014). There are 10 RCTs, 6

LOSs, 7 cross-sectional studies and 1 validation study, as

well as 2 that examined criterion validity. No articles expli-

citly examined aspects of face validity. Seventeen articles

reported use of RAMRIS in low-field MRI studies but were

not included, as image quality and reliability of measure-

ment have been evolving (see Figure 1).

Criterion validity

Four articles provided moderate to high-level evidence for

1.5 T imaging criterion validity of synovitis, osteitis/BMO

and/or erosions (Table 2). Based on histopathology of an

inflamed RA joint visualized on MRI before the specimen

was obtained, there were correlations with abnormalities

as follows: one for synovitis/JSN [13], two for osteitis [14,
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15] and one for erosions [15]. Micro-CT studies comparing

CT erosions to MRI erosions were also accepted.

Synovitis

Ostendorf et al. [13] reported synovitis histopathology for

second MCP miniarthroscopy within 24 h of 1.5 T MRI with

dynamic contrast enhancement. MRI synovial vascularity

and proliferation correlated with synovial hyperaemia and

thickening on miniarthroscopy, respectively (P = 0.0038;

P = 0.0063). Bony changes by miniarthroscopy correlated

with JSN on MRI (P = 0.0015).

Osteitis

Bone marrow oedema (BMO—called osteitis throughout

the rest of this article) seen on MRI correlated with histo-

pathology of those lesions in total joint replacement spe-

cimens [14, 15]. In 4 patients and 7 bones, McQueen et al.

[14] examined MRI pre-surgery vs histological evaluation

at orthopaedic surgery. High-grade MRI bone oedema

was strongly associated with histology showing an inflam-

matory infiltrate consistent with osteitis. Similar findings

were reported by Jimenez-Boj et al. [15] for lesions iden-

tified on 1.5 T MRI without Gd enhancement.

TABLE 1 The OMERACT filter: truth (validity), discrimination, feasibility

Type of validity Definition Data extracted

Face Expert opinion on credibility of the
measure

MRI image of RA joint feature (erosion,
osteitis, synovitis, JSN) to be
measured

Criterion Estimate the extent a measure agrees
with gold standard—visualizes the
MRI joint feature

Histology of lesions seen on MRI;
contrast enhancement MRI of le-
sions consistent with increased
tissue vascularity; X-ray/CT vs MRI

Content Measure describes full spectrum of a
disease; for example, features of pa-
tient population, including joint in-
flammation, deformity/damage

For each study’s patient population:
age range, gender distribution, RF/
ACPA status, disease duration,
Sharp vdH scores, treatment status/
disease activity

Construct-convergent Compares correlation coefficients be-
tween scores on the same health
component (e.g. inflammation or
damage), as measured by two differ-
ent methods

Correlation coefficients between joint
feature measurement and clinical/lab
measures of inflammation such as
swollen joint count, ESR/CRP,
DAS28, or damage (erosions) with
HAQ

Construct-divergent(discriminant) Discriminant validity (or divergent valid-
ity) tests that constructs that should
not relate to the measure, in fact, have
no relationship (e.g. damage vs
inflammation)

Correlation coefficients low/non-sig-
nificant between inflammation joint
feature measurement and measures
of remission/low disease activ-
ity—e.g. DAS28, HAQ, etc.

Construct-predictive Statistical correlation between scores
for a single health component, as
measured by two different instruments

Correlation coefficients between MRI
measure and a clinical or other ima-
ging measure assessed in compar-
able time frame; for example, MRI
features predict Sharp vdH scores

Reliability Repeatability, consistency and reprodu-
cibility (repeated measures yields the
same result)

Inter-rater and intra-reader reliability
measurement of scoring consistency
between and within MRI
readers—inter/intra-class correlation
coefficients (ICCs), kappa statistics

Sensitivity to change A measure’s ability to detect a change
between (relevant) time points

Change in joint inflammation and
damage features detected between
different time points: smallest de-
tectable difference, minimal detect-
able change

Responsiveness A measure’s ability to detect clinically
relevant change with treatment

Identified data documenting statistic-
ally significant changes in relation to
treatment introduction or change

Discrimination A measure’s ability to distinguish be-
tween different treatments or features
that influence outcome

Statistically significant differences in
joint biomarker change, identifying
greater efficacy for one intervention
vs another

Feasibility Essential element in determining useful-
ness and ability to use a measure
reliably

Can measure be applied easily, given
constraints of availability, time,
money, interpretability?

Data taken from [9�11]. Sharp vdH scores: Sharp van der Heidje damage scores.
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Erosions

Multiparameter CT and microCT are recognized to be es-

pecially sensitive for identification of bony abnormalities

(Table 2). Albrecht et al. [16] reported that MRI-visualized

erosions were readily seen with CT or microCT [16].

Is RAMRIS scoring of 1.5 T MRI images of the RA
hand/wrist valid, and does it meet the OMERACT
filter?

OMERACT methods development conferences for

RAMRIS were held in 2000, 2004 and 2008, and two

atlases were published in 2005, standardizing RAMRIS

and documenting that experts agree on the features to

be measured, providing evidence of face validity [17�22]

(Table 3). An overview of the numbers of articles that show

how RAMRIS meets the OMERACT filter criteria is pro-

vided by category in Table 4. Supplementary Tables

S1�3, available at Rheumatology Online, provide detailed

data and references.

Content validity

RAMRIS measures RA joint inflammation and erosions re-

gardless of patient age, disease duration, disease activity

and treatment status/response. Evidence of content val-

idity is provided by seven studies describing that RAMRIS

can measure synovitis, osteitis and erosions in early and

established RA. RAMRIS performs equally regardless of

treatment status/prior response, RF/ACPA status, age

[23�29] or damage (erosions) [27�29]. There are 11 reports

describing the application of RAMRIS separately in

patients with early RA, as well as two articles describing

use in established RA patients. No analyses explicitly de-

scribe the impact of these contextual factors (see supple-

mentary Tables S1�3, available at Rheumatology Online).

Construct validity

Construct validity includes convergence, correlations with

clinical and laboratory results that measure joint inflamma-

tion (e.g. synovitis and osteitis with ESR, CRP, DAS28,

etc.) or damage (e.g. RAMRIS erosions correlates with

HAQ-DI).

It also includes discriminant or divergent validity (e.g. no

correlation would be expected between RAMRIS synovitis

and osteitis scores and DAS remission). For predictive

validity, RAMRIS measures should correlate with subse-

quent joint damage such as the van der Heidje modified

Sharp radiographic scores (vdHSSs) (Table 4 and supple-

mentary Tables S1�3, available at Rheumatology Online).

Convergent vs divergent (discriminant) construct
validity

Synovitis

Six studies support convergent construct validity, demon-

strating RAMRIS synovitis correlations with ESR, DAS28,

HAQ-DI and ACR response [r = 0.21�0.6 (P< 0.05)] [6, 8,

26, 27, 30, 31]. Three studies reported lack of correlations

between RAMRIS synovitis and HAQ-DI, DAS28 remission

and ACR remission (P = 0.22�0.60), suggesting divergent

construct validity for active RAMRIS synovitis compared

with remission and full function [26, 27, 29].

FIG. 1 Article selection

SLR I (any MRI measurement method)
575 articles 

 (1970 to August 2011) 

SLR Update (RAMRIS 
measure only)  

59 articles 
(July 2011 to July 2014) 

81 articles  
with at least 1 MRI 
measurement method 

and  ≥ 1 validity criterion   

181 identified 
  for 

validity data extraction 

21 identified 
for 

validity data extraction

11 articles with  
at least one 

RAMRIS validity 
criterion 

135 Not RA 
47 Not MRI 

15 Not in English 
12 Non human studies 
20 Patients <18 years 
33 Pt. Population<10 
162 Review Articles 

b Duplicates

27 No synovitis, BMO,or 
erosions

17 No measurement 
method described 
29 No validity data

36 Not wrist or 
hand/MCPs 

13 Not RAMRIS 

20 articles with 1.5T 
MRI and  
RAMRIS 

6 articles with 1.5 T  
&  

RAMRIS 

17 articles with Low 
Field MRI and 

RAMRIS 
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Osteitis

Three studies support this construct measurement, corre-

lating with clinical and laboratory measures of inflamma-

tion: DAS28, CRP, swollen joints and grip strength

(r = 0.22�0.32, P = 0.001�0.05) [6, 8, 31]. Discriminant con-

struct validity was demonstrated in three studies of a

DMARD inadequate responder (DMARD-IR) subset

(P = 0.08�0.96) [8, 29, 31], whereas there was no correl-

ation with ACR response or DAS remission.

Erosions

One study supported construct validity for RAMRIS ero-

sions, describing correlations with DAS28 and CRP

(Spearman’s r = 0.23; P< 0.001) [8], while another study,

using DAS28/CRP/ESR, showed no such correlations (P =

0.16�0.46) [21]. As with osteitis, no correlations were

found in DMARD-IR patients [8].

Predictive construct validity

For predictive construct validity for 1.5 T MRI, McQueen

et al. [21] demonstrated that a preliminary BMO/osteitis

score predicted the 6-year total Sharp X-ray score (hands

and feet, P = 0.01).

Synovitis/osteitis/erosions

Three studies correlated vdHSS-based radiographic pro-

gression with RAMRIS synovitis (Spearman’s r = 0.25�0.5,

P< 0.001�0.05), osteitis (Spearman’s r = 0.48, P< 0.05)

and predicted vdHSS erosion score [odds ratio (OR) =

2.5 (1.0�6.1), and erosions correlated vdHSS

(Spearman’s r = 0.27�0.76, P< 0.001�0.05)] [6�8].

Reliability and reproducibility

Inter and intra-reader consistency (reliability) and reprodu-

cibility (repeatability of measurement in short time frame,

or/and by more than one observer) was assessed in a

range of articles—RCTs, LOSs, cross-sectional studies,

as well as one validation study. Overall, reliability and re-

producibility were good to excellent (Table 4 and supple-

mentary Tables S1�3, available at Rheumatology Online).

Synovitis

The measurement of synovitis was reliable and reprodu-

cible. In 12 articles, the intra-rater ICCs were (0.77�0.98)

and kappa (k) statistics were (0.81�0.88) [6, 7, 26, 28, 29,

32�38]. In 10 articles, the inter-rater reliability ICCs were

(0.68�0.97, k = 0.74 and r = 0.79�0.97) [24, 26, 28, 30, 32,

34�37, 39].

Osteitis

Twelve articles of MRI document intra-rater ICCs ranging

from 0.65 to 0.94 and/or k’s of 0.6�0.94 [6, 7, 26, 28, 29,

32�38]. Inter-reader ICCs were 0.68�0.97, r = 0.73�0.95

and/or k’s of 0.58 in 10 articles [24, 26, 28, 30, 32,

34�37, 40].

Erosions

In 11 studies, intra-rater ICCs ranged between 0.51 and

0.99 and k’s 0.67�0.87 [6, 7, 26, 28, 33, 34�38], whereas in T
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12 studies, the inter-rater ICC range was 0.81�0.96 and

r = 0.84�0.92 [24, 26, 28, 30, 32, 34�37, 39�41].

Sensitivity to change

Sensitivity to change describes the difference between

two time points within a treatment or population, inde-

pendent of differences between treatments (see change

in statistics described in supplementary Tables S1�S3

available at Rheumatology Online).

Synovitis

Data for sensitivity to change for the RAMRIS synovitis

measurement was provided in 14 studies: 4 LOSs, 9

RCTs and 1 validation study. The time points analysed

were 4�6, 12�18, 24 and 52�54 weeks.

Significant change was seen in two single-centre RCTs

after only 4�6 weeks of treatment: one evaluating a TNFi,

and one evaluating double-filtration plasmapheresis

(DFPP) [26, 42]. Four other TNFi studies demonstrated

synovitis improvement in 12�18 weeks. One example is

a study of infliximab vs MTX in which median (min, max)

synovitis decreased, respectively, by �7 (�12, 1) and �1

(�4, 2), (P = 0.003�0.05) [32, 34, 43�45]. Other studies

showed improvement after 52�54 weeks [45�47].

Osteitis

Similar to synovitis, seven RCTs described change in

RAMRIS osteitis at time points ranging from 4 to 54

weeks. The majority of RCTs evaluated TNFi treatment

vs MTX while patients were on background DMARDs.

In one study with infliximab, a significant decrease in

osteitis was already seen at week 4, and confirmed at

week 16 [43]. In another four TNFi RCTs, the change

was seen at 12�18 weeks, and in two golimumab RCTs

changes were seen at 24 weeks, P< 0.001 [35, 37]. In two

other infliximab studies there was significant reduction in

osteitis—median (min, max): �9 (�25, 5) (P< 0.05) at

52�54 weeks [46, 47]. However, significant oste-

itis change was not seen at 6 weeks in two other TNFi

studies [26, 27] or with DFPP (P = 0.18) [42]. In an abata-

cept trial, a decrease in osteitis of �1.94 (0.86) was seen

with abatacept/MTX at 18 weeks [23, 32]. In a MRI meas-

urement validation study reporting 1-year change de-

tected with RAMRIS in four early RA (ERA) and six

established RA (estRA) patients by multiple readers,

the smallest detectable difference at 12 months for oste-

itis was 2.73 (ERA), and 3.68 for established RA patients

[36].

Erosions

While erosions are seen on MRI with higher sensitivity

compared with X-ray, change in RAMRIS erosions has

not been consistently shown. Although effects to limit

worsening may be discernible at 24 weeks with RAMRIS

and vdHSSs, healing is not readily demonstrable with

these methods, raising questions about the effects of

treatment vs measurement methods. The magnitude of

change/absence of change at 6�54 weeks in nine RCTs

and five LOSs was<1% of the range and independent of

disease duration, present or prior treatment/response and

TABLE 3 RAMRIS scoring of synovitis, osteitis and erosionsa

Feature Description [22�28] Scoring [17] (RAMRIS units)

Synovitis Soft tissue with increased thickness/volume (T1-
weighted image) and water content (high signal
in fat-suppressed T2-weighted image). For the
wrist, this feature is assessed in three wrist re-
gions (distal radio�ulnar, radio�carpal,
intercarpal�metacarpal joints) of the dominant or
most inflamed wrist. For the hand, it is evaluated
in MCPs 2�5 of the dominant or most inflamed
side with or without Gd enhancement (signal in-
tensity increase at 4�5 min post injection)

0 (normal) to 3 (mild, moderate, severe) for each
region/joint; maximum: 21

Osteitis Identified within the subchondral trabecular bone
as a lesion with ill-defined margins and signal
characteristics consistent with increased water
content (may also be seen in association with
erosion); a high signal with or without Gd on fat-
suppressed T2-weighted and short tau inversion
recovery (STIR) MR images, low signal on T1-
weighted images. Each bone of the dominant or
most inflamed hand�wrist is scored separately

0 (normal), (1) 1�33% of bone, (2) 34�66% of
bone and (3) 67�100% of bone showing
increased water content. Maximum: 69 (45 for
wrist alone)

Erosions Sharply marginated bone lesions in a juxta-articu-
lar location, visible in two planes, with a cortical
break area in at least one plane and loss of
normal low signal intensity of cortical bone on
T1-weighted images (loss of high signal on T2-
weighted images). As with osteitis, each bone of
the wrist�hand is scored separately

0�10, according to 10% increments of bone
eroded. Maximum: 230 (150 for wrist alone)

aThere is no agreed RAMRIS measure for joint space narrowing.
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disease activity (supplementary Table S3, available at

Rheumatology Online).

RAMRIS erosions did not change statistically in 6 weeks

in two studies [26, 27] or in 12�18 weeks in seven studies

[6, 7, 21, 23, 30, 33, 35]. There is some inconsistency at 3,

6 and 12 months in LOSs [6, 7, 25, 38]. In two LOSs,

changes were discernible at 12 weeks, whereas in two

others there were no detectable changes [6, 38]. For the

studies discerning changes, the standardized response

means were>0.23�0.32, and the patients had either

early or established disease with high disease activity [6].

At 24 weeks, three RCTs and one LOS found small

changes [6, 23, 35, 42, 45], whereas in one RCT and three

LOSs no change was seen [7, 25, 33]. For example, in a

denosumab RCT, an increase in RAMRIS erosions at 24

weeks was detected in all three arms, but was 0.06/0.13/

1.75 U high-dose vs low-dose vs placebo [41].

Even at 52 weeks, RAMRIS did not detect a change in

erosions consistently. Of seven studies (three RCTs and

four LOSs [6, 7, 25, 37, 41, 43, 45], in only three were there

changes in RAMRIS erosions [6, 38, 42].

Discrimination: does RAMRIS differentiate efficacy
between therapies?

Discrimination refers to the ability to differentiate between

therapies. Among nine RCTs, discrimination using syno-

vitis and osteitis was usually seen by 12�18 weeks. In

contrast, RAMRIS erosions were discriminating at 24�52

weeks (occasionally at 12�18 weeks) (see statistics

described in supplementary Tables S1�3, available at

Rheumatology Online).

Synovitis

Six of nine RCTs provide evidence that change in RAMRIS

synovitis can discriminate between treatments at all time

points. Some change in RAMRIS synovitis is seen as early

as 6 weeks following initiation of a TNFi, and consistently

at 12 weeks [23, 26, 27, 30, 32, 34, 42, 43, 45]. In golimu-

mab studies in estRA and ERA patients, differences in

synovitis could be discriminated at 12 weeks, and the

mean (S.D.) change in estRA was �1.77 (2.54) and in

ERA, �1.92 (3.09), compared with placebo, �0.15 (2.75)

and +0.14 (2.98), respectively (P< 0.001 in both studies)

[33, 35]. By 24 weeks RAMRIS synovitis was consistently

able to be discriminated in all studies [23, 26, 27, 30, 32,

34, 42, 43, 45]. For example, DFPP was able to be dis-

criminated from control with a median difference of 7 by

RAMRIS (P< 0.001) [48].

Osteitis

None of three RCTs evaluating either TNFi or DFPP re-

ported reduced osteitis vs control at 4�6 weeks [48, 26,

27]. In six of seven RCTs, RAMRIS osteitis was able to

discriminate between active treatment and placebo at

12�18 weeks [24, 30, 33, 35, 45, 44]. A single study of a

SyK inhibitor (SyKi) was not able to discriminate between

active treatment and placebo. RAMRIS osteitis changes

were �0.2 (SyKi) vs +1.2 (control) (P = 0.058) [30].

Change in RAMRIS osteitis measured at 24 and 52

weeks in five RCTs could consistently discriminate

between the experimental agent and the control [32, 35,

45, 44, 48].

Erosions

Discrimination was evaluable in nine RCTs at time points

across 6�54 weeks. The majority of RCTs examined

change in erosions with TNFi treatment in patients while

on background DMARDs.

Differences in RAMRIS erosions scoring did not discri-

minate at 6 weeks [26, 27] and were inconsistent at 12�18

weeks (two studies showed discrimination and two did

not) [21, 30, 33, 35, 44]. At 24 weeks discrimination was

generally achieved. In a TNFi study in MTX-naı̈ve patients,

the mean change (S.D.) reported for TNFi vs placebo was

�0.40 (4.31) vs �0.24 (6.31), (P = 0.010) [34]. In a trial of

denosumab, RAMRIS detected limitation of erosions with

a mean change for the high dose vs placebo of 0.06 vs

1.75, respectively (P = 0.007) [41]. At 52 weeks, patients

treated with infliximab/MTX vs infliximab/placebo demon-

strated an erosion change of median (IQR) 1 (3) (P = 0.05)

[45].

Feasibility

We could not find specific data on the day-to-day issues

of feasibility, neither time to perform MRIs, to quality

assure images, nor importantly, the cost of these key

activities. Nevertheless, there is good evidence from

RCTs that MRIs have been done on all continents and in

several multicentre studies. Thus, while feasible in dedi-

cated centres during adequately funded clinical trials,

based on the fact these studies have been done, feasibil-

ity outside that venue has not been examined.

Discussion

This SLR represents a critical examination of the pub-

lished data regarding the state of validation of RAMRIS

scoring of the hands and wrists in RA. It provides evi-

dence for the validity of RAMRIS for measurement of

synovitis and osteitis, in the hands/wrists of RA patients

treated in clinical trials. Further, these data describe

RAMRIS responsiveness and sensitivity to change to-

gether with evidence that RAMRIS can discriminate effi-

cacy among therapies. Specific data demonstrating

feasibility for clinical use were not found, but evidence

for utility to assess whether an intervention limits joint in-

flammation and damage in well-controlled clinical trials

appears sufficient to apply RAMRIS measures as end

points.

Three prior reviews examined the validity and useful-

ness of RAMRIS. In 2008, Hodgson et al. briefly described

the state of RAMRIS validation, and observed that reliabil-

ity and discriminatory validity of scoring remained to be

verified [49�53]. In 2010, Suter et al. [54] reported an SLR

using Cochrane methods to specifically examine the role

of MRI in the diagnosis and prognosis of ERA and showed

its ability to predict later radiographic damage, but they

did not examine validity. Our SLR extends the earlier re-

sults, by presenting validation evidence not previously

described, which supports many of the recommendations
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of the 2013 ACR Clinical Trials Task Force Imaging Group

and OMERACT Inflammatory Arthritis Working Group art-

icle advocating RAMRIS measurement in clinical trials

[55].

Following on the ACR Task Force report, this SLR fur-

ther documents the ability of RAMRIS measures to dis-

criminate between treatments, including only four of the

same studies [23, 30, 32, 34, 41] that have applied

RAMRIS measures for synovitis, BMO/osteitis and/or ero-

sions. We identified 10 published RCTs [23, 26, 27, 30, 32,

34, 41, 42, 45, 48] that reported at least 1 RAMRIS meas-

ure and used high-field MRI, only 8 of which reported data

for all 3 RAMRIS measures [23, 26, 27, 30, 32, 34, 45, 48].

Importantly, not all measures perform consistently in

these studies.

Sensitivity to change and responsiveness are strongly

supported for RAMRIS synovitis and osteitis, which im-

proves within 12�18 weeks with potent treatments.

Further, changes in RAMRIS synovitis and osteitis usually

discriminate between treatments in this time frame [30,

35, 45, 33, 44, 48]. Importantly, in terms of detecting clin-

ical benefit, high RAMRIS synovitis and osteitis predicted

subsequent radiographic joint damage, and improve-

ments predicted limitation of damage [6�8, 56].

In contrast, for erosions, sensitivity to change is largely

detected as worsening, so that limitation of damage with

improvement in synovitis and osteitis results in smaller

changes and in a minority of patients, even at 24 weeks

and beyond. Although, in one of the RCTs using a

RAMRIS erosion end point [34], discrimination was seen

at 12 weeks in MTX-naı̈ve patients treated with golimu-

mab/MTX, in four other studies at least 24�52 weeks were

required to discriminate treatment efficacy [34, 41, 43, 45].

Thus, examination of whether RAMRIS erosion scoring

meets the OMERACT filter is challenging because current

treatment recommendations quickly and effectively limit

erosions measured by vdHSSs of hand/feet radiographs.

Worsening of erosions is seen in only a small minority of

patients, and improvement is uncommon, with changes

typically small at the group level.

Of particular importance, and not previously carefully

examined, the time to improvement is different for differ-

ent features of joint damage and inflammation assessed

by RAMRIS. Some of the differences may derive from pa-

tient population and/or sample size, as well as by study

design, when measures are taken at different times (e.g. at

6, 12, 18, as well as at 24 weeks vs only at 24 weeks or

only at 52�54 weeks). RAMRIS synovitis scores

decreased as early as 4�6 weeks. These rigorously con-

ducted studies also reported smallest detectable differ-

ences, minimal clinical differences and standardized

response means [26, 27, 35, 42]. Significant improvement

in osteitis was seen by 12�18 weeks and occasionally 24

weeks with various biologics with or without MTX back-

ground therapy [23, 26, 27, 30, 32, 42, 43, 45].

These findings provide useful data for the preparation

and conduct of studies designed to guide decisions re-

garding future development of novel RA treatments. The

magnitude, variability, and time to observed changes in

RAMRIS synovitis and osteitis are reasonably character-

ized, and we believe they may be used as end points in

studies of 3�4 months duration. If a trial design requires

erosions as an end point, studies of 6�12 months may be

required.

Limitations

The results described here are based only on published

studies in peer-reviewed journals, and only those pub-

lished in English. Potentially relevant data not yet pub-

lished (e.g. studies reported in recent abstracts and

presentations) are not included [5]. In addition, some in-

evitable heterogeneity was introduced because there is

variability in selection of the hand and/or wrist imaged

(right/left, dominant/non-dominant), MRI acquisition (e.g.

standardization of positioning, quality control of images),

and importantly, whether contrast was used to assess

inflammation.

Further, to fully substitute for radiographic vdHSSs in

studies aimed at regulatory approval and labelling for

novel treatments, a measure for JSN is desirable. While

there are at least three JSN measures proposed for

RAMRIS, consensus and validation have not been

achieved thus far [5, 34, 46, 57]. There is also ongoing

research for future inclusion of tenosynovitis to strengthen

the measurement of joint inflammation within RAMRIS [37,

47, 58, 59].

Since completion of our search and analysis, two art-

icles describing RCTs using 1.5 T RAMRIS end points and

included in the ACR Task Force report have been pub-

lished [60, 61]. The data further validate these results, and

also provide additional evidence of feasibility.

Further, we could not fully address feasibility in quanti-

tative terms as none of the articles reported costs of

equipment and standardized acquisition, nor any informa-

tion regarding patient burden. The requirement for i.v.

contrast (Gd) to accurately measure synovitis likely im-

pacts feasibility significantly [40].

Conclusions

This SLR provides evidence that RAMRIS measurement of

synovitis, osteitis and erosions meets the OMERACT filter

for use in RA clinical trials evaluating 1.5 T MRI images of

RA hand/wrist. However, timing of the measurements to

meet validation criteria is variable. Importantly, data from

published RCTs provide evidence that RAMRIS measures

are responsive and can generally discriminate efficacy be-

tween treatment groups within 12�18 weeks. Since

changes in erosions are small, 24�52 weeks are usually

necessary for discrimination of effective treatment.

Periodic systematic evaluation and standardization to op-

timize image quality and scoring precision appear neces-

sary for assuring optimal RAMRIS performance.
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