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ABSTRACT
Objective To examine the imaging-detected
mechanism of reduction of structural joint damage
progression by tocilizumab (TCZ) in patients with
rheumatoid arthritis (RA) using MRI.
Methods In a substudy of a randomised, double-blind,
phase 3b study (ACT-RAY) of biologic-naïve patients
with RA who were methotrexate (MTX)-inadequate
responders, 63 patients were randomised to continue
MTX or receive placebo (PBO), both in combination with
TCZ 8 mg/kg every 4 weeks, with optional additional
disease-modifying antirheumatic drugs at week 24 if
Disease Activity Score of 28 joints < 3.2. The most
symptomatic hand was imaged with 0.2 Tesla extremity
MRI at weeks 0, 2, 12 and 52. MR images were scored
using Outcome Measures in Rheumatology–Rheumatoid
Arthritis Magnetic Resonance Imaging Score. Predictors
of week 52 erosion progression were determined by
logistic regression analysis.
Results TCZ + PBO (n=32) demonstrated mean
improvements in synovitis from baseline to weeks
2 (−0.92; p=0.0011), 12 (−1.86; p<0.0001) and
52 (−3.35; p<0.0001), while TCZ + MTX (n=31) had
mean improvements in synovitis at week 12 (−0.88;
p=0.0074), but not week 52 (−1.00; p=0.0711).
TCZ+PBO demonstrated mean reductions in osteitis at
weeks 12 (−5.10; p=0.0022) and 52 (−8.56;
p=0.0006), while TCZ+MTX had mean reductions at
weeks 2 (−0.21; p<0.05) and 12 (−3.63; p=0.0008),
but not week 52 (−2.31; p=0.9749). Mean erosion
scores did not worsen in either group. MRI erosion
scores at weeks 12 and 52 correlated strongly with
radiography erosion scores at week 52 (r>0.80).
Baseline synovitis and worsening of osteitis predicted
erosion progression.
Conclusions Rapid suppression of synovitis and osteitis
with reduction in structural joint damage progression
occurred with TCZ, as monotherapy or in combination
with MTX, through week 52.
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radiographic progression.3–5 Importantly, subclinical
disease is common even in patients with RA who
have achieved remission based on a Disease Activity
Score of 28 joints (DAS28). Some studies have
demonstrated that 30% of patients in remission had
radiographic progression, 96% had synovitis and
35% had osteitis.6 7 MRI therefore enables a more
sensitive assessment of disease activity, detection of
early markers of disease progression and provides a
sensitive measure of therapeutic response.8 9
Tocilizumab (TCZ) is a recombinant humanised
anti-interleukin-6 receptor (IL-6R) monoclonal
antibody that blocks IL-6 from binding to soluble
and membrane-bound IL-6R. The efﬁcacy and
safety of TCZ monotherapy and TCZ in combination with disease-modifying antirheumatic drugs
(DMARDs) were shown in adult patients with RA
in ﬁve pivotal phase 3 clinical trials.10–14 Treatment
of patients with TCZ also inhibited progression of
radiographic joint damage as measured by X-ray
within 6 months of treatment initiation.13
However, there are limited data on the tissue-level
effects of TCZ.
In a large, randomised, phase 3b study
(ACT-RAY), both TCZ treatment strategies showed
improvements in signs and symptoms over time,
although TCZ in combination with methotrexate
(TCZ+MTX; add-on strategy) did not show statistical superiority over TCZ as monotherapy (TCZ
+placebo (PBO); switch strategy) on the primary
endpoint (week 24 DAS28 remission) and several
other assessments. At week 52, there were statistically signiﬁcant differences between groups on 4 of
the 19 endpoints.15 The ACT-RAY study further
showed that both treatment strategies with TCZ
can prevent radiographic progression in most
patients. The aim of this MRI substudy within
ACT-RAY was to evaluate the effects of TCZ treatment, with and without MTX, on imaging markers
of inﬂammation (synovitis and osteitis), and erosion
progression.

INTRODUCTION
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Conventional radiographs have traditionally been
used to detect structural damage, signs of bone
erosion and joint space narrowing in rheumatoid
arthritis (RA). MRI—a more sensitive and speciﬁc
technique than clinical examination or plain ﬁlm
radiography—can measure inﬂammation in the synovium (synovitis) and bone marrow (osteitis) as well as
structural damage.1 2 Both synovitis and osteitis play
a central role in the pathogenesis of RA and predict

PATIENTS AND METHODS
Study design
The patients and methods from the main study
were described previously.16 ACT-RAY was a global,
3-year,
randomised,
double-blind,
placebocontrolled, phase 3b study (N=553). Patients aged
≥18 years with RA, according to the revised 1987
American College of Rheumatology criteria, were
included if they had ≥1 radiographic erosion.
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Patients were required to have active disease and to have had an
inadequate response to MTX (deﬁned as a DAS28 of >4.4 at
baseline). Patients were excluded if they had been previously
treated with a biological agent. This preplanned substudy performed in the USA included 63 patients from 18 sites.
Eligible patients were randomised at baseline using a minimisation algorithm that was stratiﬁed by site and baseline
DAS28 based on erythrocyte sedimentation rate (ESR) (≤ or
>5.5). From baseline to week 24, eligible patients were randomised to receive open-label TCZ 8 mg/kg intravenously every
4 weeks in combination with either MTX (TCZ+MTX) or
PBO (TCZ+PBO). From weeks 24 to 52, patients continued
with TCZ therapy with blinded MTX or PBO, but open-label
conventional (ie, non-biologic) DMARDs could be added, based
on disease activity (DAS28>3.2), with the objective of inducing
clinical remission (DAS28<2.6).

Outcomes and assessments
The most symptomatic hand and wrist of each patient were
scanned with a 0.2 Tesla (T) extremity MRI system at weeks 0
(baseline), 2, 12 and 52. Reproducible positioning was ensured
with a specially designed acrylic hand frame.17 Anatomic coverage extended from the distal radioulnar joint proximally to the
proximal interphalangeal joints distally and included the entire
thumb. The joints of the hands were scanned separately from
those of the wrist. The Outcome Measures in Rheumatology–
Rheumatoid Arthritis Magnetic Resonance Imaging Score
(OMERACT-RAMRIS) was used to assess synovitis, osteitis and
erosion using a modiﬁcation that included the ﬁrst metacarpophalangeal (MCP) joint.18 Synovitis was assessed in eight regions
of the hand and wrist, and each region was scored from 0 to 3
(normal or proportion of volume of estimated maximally distended synovial cavity, in thirds) for a total score of 0–24.
Osteitis was assessed in 25 regions in the hand and wrist, and
each region was scored from 0 to 3 (normal or proportion of
involvement of estimated original, non-eroded bone, in thirds)
for a total score of 0–75. Erosions were evaluated in 25 regions
in the hand and wrist, and each region was scored from 0 to 10
(normal or by deciles of percentage of articular bone eroded) for
a total score of 0–250. No gadolinium enhancement was used.
All MR images were quality controlled and scored independently by two radiologists blinded to treatment assignment and
visit order. For the 5% of patients in each category (synovitis,
osteitis and erosion) with the largest inter-reader change-score
discrepancies, adjudicated values for the blinded visits were
determined by consensus. Unless an adjudicated value was
present (in which case that value was used), the average value at
each visit of the MRI readings from the two readers was used in
the analyses. The endpoints of interest for analysis were change
from baseline in MRI-measured synovitis, osteitis and erosion
scores at weeks 0 (baseline), 2, 12 and 52.
Radiographs of hands/wrists and feet were obtained at baseline, week 24 and week 52 using a standardised technique. All
radiographs collected in the ACT-RAY study, including those in
this substudy, were assessed using the Genant-modiﬁed Total
Sharp Score (mTSS) by two independent readers who were
blinded to treatment assignment and visit order. Clinical measures—including DAS28, the Health Assessment Questionnaire,
tender joint count, swollen joint count and adverse events—
were also collected at baseline and every 4 weeks thereafter.

Statistical methods
Sample size was estimated based on a previous study in which a
reduction in synovitis of 2.1 was detected in patients who

received inﬂiximab+MTX and of 0.3 for the PBO+MTX comparator group ( p<0.05).19 From this information, a common
SD of 2.0 was derived. A sample size of 60 patients (30 in each
treatment group) would provide at least 80% power to detect a
difference between groups with the use of a two-sample t test,
assuming an effect size of 0.9, a type 1 error of 5% and oversampling adjustment for a 20% dropout rate.
Descriptive statistics were used to evaluate the demographic,
disease and joint damage characteristics between groups at baseline and to summarise observed scores and changes from baseline scores for MRI and disease activity over time. The p values
for within-group MRI changes from baseline scores were estimated based on the Wilcoxon signed-rank test of the hypothesis
of no change from baseline. Cumulative probability plots were
produced to visualise differences between groups in changes in
MRI scores from baseline to week 52. To provide additional
context for interpreting analyses of progression, the smallest
detectable change (SDC) was calculated to differentiate true
change from inter-reader variability.20 Finally, logistic regressions with generalised estimating equations were used to evaluate associations between joint-level MRI erosion progression at
week 52 and baseline synovitis and osteitis scores as well as
changes in synovitis and osteitis in matching joints, with adjustment for the correlation of joints within patients to produce
ORs with 95% CIs and p values. One model estimated
joint-level erosion progression at week 52 from assessments at
earlier time points: baseline levels of synovitis and osteitis as
well as changes in synovitis and osteitis to week 12. A second
model estimated joint-level erosion progression at week 52 from
assessments at baseline and concurrent time points: baseline
levels of synovitis and osteitis and change in synovitis and osteitis to week 52. Analyses were performed in the modiﬁed
intent-to-treat population (deﬁned as all patients randomised in
the study who received at least one dose of TCZ and who had
baseline and postbaseline synovitis, osteitis or bone erosion
scores in the wrist or in 1–5 MCP joints) and were based on
observed data with no imputation for missing data.

RESULTS
Patient disposition and baseline characteristics
Of the 113 patients screened, 63 were randomised: 31 received
TCZ+MTX and 32 received TCZ+PBO (ﬁgure 1). The predominant reason for screening failure (>50%) was no evidence
of radiographic erosion at screening.
A total of 74% of patients in the TCZ+MTX group and
75% of patients in the TCZ+PBO group completed 52 weeks
of the study. Eight patients withdrew from each group, most
commonly for non-safety reasons. Baseline demographic and
clinical characteristics of the patients were balanced across the
TCZ+MTX and TCZ+PBO groups (table 1). Baseline RAMRIS
scores reﬂected high-disease severity for the TCZ+MTX and
TCZ+PBO groups. Radiographic scores (mTSS, joint space narrowing and erosion) were also similar between the groups.

Imaging ﬁndings
Patients in both treatment arms had statistically signiﬁcant
improvements in synovitis over time (ﬁgure 2A). As with clinical
signs and symptoms, numeric differences were observed
between groups; larger mean improvements were observed in
the TCZ+PBO group versus the TCZ+MTX group.
The cumulative distribution plot of change in total synovitis
from baseline to week 52 also showed that more patients in the
TCZ+PBO group had improvements greater than the SDC.
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Figure 1 Patient disposition. DMARD, disease-modifying antirheumatic drug; mITT, modiﬁed intent-to-treat; MTX, methotrexate; PBO, placebo;
TCZ, tocilizumab.

Table 1 Baseline demographics and clinical, MRI and
radiographic characteristics
TCZ+MTX
(N=31)
Demographics and clinical characteristics
Female, n (%)
Age, mean (SD), year
Disease duration, mean (SD), year
Disease duration, n (%)
<2 years
≥2 to <5 years
≥5 to <10 years
≥10 years
Oral steroids, n (%)
No. of previous DMARDs, mean (SD)
CRP, mean (SD), mg/dL
DAS28, mean (SD)
MRI, n (%)
Synovitis present, n (%)
Osteitis present, n (%)
Erosion present, n (%)
Modified RAMRIS, mean (SD)
Synovitis
Osteitis
Erosion
X-ray, mean (SD)
Total mTSS, mean (SD)
Joint space narrowing, mean (SD)
Erosion, mean (SD)

TCZ+PBO
(N=32)

24 (77.4)
55.2 (14.12)
7.8 (7.23)

21 (65.6)
55.8 (10.46)
6.5 (8.07)

10 (32.3)
4 (12.9)
6 (19.4)
11 (35.5)
15 (48.4)
1.5 (1.18)
1.1 (1.38)
6.4 (1.0)

13 (40.6)
7 (21.9)
4 (12.5)
8 (25.0)
13 (40.6)
1.5 (0.62)
1.3 (1.88)
6.5 (1.1)

31 (100)
22 (71)
31 (100)

32 (100)
24 (75)
32 (100)

7.23 (4.604)
7.77 (12.261)
19.37 (14.440)

7.42 (4.164)
11.06 (14.800)
15.97 (12.558)

21.23 (25.475)
10.48 (13.701)
10.76 (12.202)

19.01 (24.988)
7.94 (12.198)
11.07 (13.993)

CRP, C-reactive protein; DAS28, Disease Activity Score of 28 joints; DMARDs,
disease-modifying antirheumatic drugs; mTSS, Genant-modified Total Sharp Score;
MTX, methotrexate; PBO, placebo; RAMRIS, rheumatoid arthritis MRI score;
TCZ, tocilizumab.
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Statistically signiﬁcant improvements in mean change from
baseline in osteitis were observed at weeks 12 and 52 in the
TCZ+PBO group and at weeks 2 and 12 in the TCZ+MTX
group (ﬁgure 2B). The cumulative distribution plot of the
change from baseline in the total osteitis score at week 52
showed that more patients in the TCZ+PBO group had
improvements in osteitis greater than the SDC, whereas the
majority of patients in the TCZ+MTX group had no change
relative to the SDC.
Mean RAMRIS erosion scores did not statistically signiﬁcantly
worsen in either group over 52 weeks of treatment (ﬁgure 2C).
The cumulative distribution plots of change from baseline in
total erosion scores at week 52 were similar and overlapped in
the TCZ+MTX and TCZ+PBO groups; most patients showed
no progression of erosion.
A small but statistically signiﬁcant mean change (worsening)
in radiographic mTSS scores from baseline to week 52 was
observed in patients who received TCZ+MTX (mean (SD)
change, 0.27 (0.612); p=0.0434) (see online supplemental
ﬁgure 1A). In the TCZ+PBO group, the mean (SD) change
from baseline to week 52 in mTSS scores was 0.08 (0.808;
p=0.3484). The mean (SD) change from baseline to week 52 in
the radiographic erosion score was −0.02 (0.333) for patients
who received TCZ+MTX and 0.05 (0.65) for patients who
received TCZ+PBO (see online supplemental ﬁgure 1B). The
mean (SD) change from baseline to week 52 in joint space narrowing was 0.28 (0.72) for patients who received TCZ+MTX
and 0.04 (0.20) for patients who received TCZ+PBO (see
online supplemental ﬁgure 1C).
In the TCZ+MTX group, radiographic erosion scores at
week 52 were highly correlated with MRI erosion scores at
weeks 12 (r=0.88; p<0.0001) and 52 (r=0.83; p<0.0001)
(ﬁgure 3). Similar results were observed in the TCZ+PBO
group, in which radiographic erosion scores at week 52 were
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Figure 2 Changes in MRI scores in patients taking tocilizumab (TCZ) 8 mg/kg plus methotrexate (MTX) or placebo (PBO) plus MTX. (A) Mean
change from baseline in synovitis scores over 52 weeks and cumulative distribution plot of the mean change from baseline in synovitis scores at
week 52. (B) Mean change from baseline in osteitis scores over 52 weeks and cumulative distribution plot of the mean change from baseline in
osteitis scores at week 52. (C) Mean change from baseline in erosion scores over 52 weeks and cumulative distribution plot of the mean change
from baseline in erosion scores at week 52. Synovitis scores could range from 0 to 24. Osteitis scores could range from 0 to 75. Erosions scores
could range from 0 to 250. p Value is from the within-group Wilcoxon signed-rank test of the hypothesis of no change from baseline. SDC, smallest
detectable change.

also highly correlated with MRI erosion scores at weeks 12
(r=0.83; p<0.0001) and 52 (r=0.80; p<0.0001).

baseline synovitis and worsening from baseline to week 52 in
osteitis were statistically signiﬁcantly associated with erosion
progression in the same joint at week 52.

Association between early synovitis and osteitis and MRI
erosion progression at week 52

Clinical efﬁcacy

The statistical models ﬁt to evaluate joint-level MRI erosion progression at week 52 from baseline and changes in synovitis and
osteitis are presented in table 2. For the ﬁrst model, baseline
synovitis and worsening from baseline to week 12 in osteitis
were statistically signiﬁcantly associated with erosion progression
in the same joint at week 52. Similarly, for the second model,

As shown in ﬁgure 4, means for DAS28 over time were generally similar between treatment groups, although there were
numeric differences at week 52 (mean (SD): TCZ+MTX, 3.37
(0.31); TCZ+PBO, 2.49 (0.24)). The mean (SD) change from
baseline to 52 weeks in the swollen joint count was −13.40
(10.54) in the TCZ+MTX group and −16.38 (11.49) in the
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Figure 3 Correlation between
radiographic erosion scores at
52 weeks and MRI erosion scores at
weeks 12 and 52. MTX, methotrexate;
PBO, placebo; TCZ, tocilizumab.

TCZ+PBO group. The mean (SD) change from baseline to
52 weeks in the tender joint count was −15.32 (17.76) in the
TCZ+MTX group and −21.00 (12.98) in the TCZ+PBO
group.

DISCUSSION
The ACT-RAY MRI substudy used MRI to directly measure
synovitis, osteitis and erosion in response to TCZ and conﬁrmed
that treatment with TCZ rapidly reduces joint synovitis and
osteitis in patients with RA. Early suppression of synovitis and
osteitis by TCZ was observed at week 2, and continued
improvement was observed through week 52. Erosion scores
did not worsen in either group. These data provide evidence
linking reductions in synovitis and osteitis via IL-6 receptor
antagonism to a lack of progression of erosion as measured by
MRI.
Individual joints in which osteitis was reduced were less likely
to erode. This indicates that a reduction in osteitis may be part
of the mechanistic basis for joint protection in patients treated

Table 2 Joint-level associations of MRI erosion progression with
osteitis and synovitis*
Predictors of MRI erosion change >1.0 at
week 52 (no. of erosion events/n; 11/1096)
Model 1
Baseline osteitis of matching joint
Baseline synovitis of matching joint
Osteitis worsening change at week 12 of
matching joint
Synovitis worsening change at week 12 of
matching joint
Model 2
Baseline osteitis of matching joint
Baseline synovitis of matching joint
Osteitis worsening change at week 52 of
matching joint
Synovitis worsening change at week 52 of
matching joint

OR (95% CI)

p Value

2.10 (1.01 to 4.37)
3.34 (1.99 to 5.62)
7.96 (3.07 to 20.68)

0.0467
<0.0001
<0.0001

1.46 (0.32 to 6.78)

0.6278

2.13 (0.99 to 4.59)
2.76 (1.75 to 4.35)
4.43 (1.83 to 10.74)

0.0528
<0.0001
0.0010

1.01 (0.46 to 2.21)

0.9769

*Models are logistic regressions to evaluate joint-level MRI erosion progression at
week 52 with listed predictors, adjusted for correlation of joints within patients.
OR interpreted as the increased odds of erosion change >1 (ie, progression) at week
52 per 1 unit change in predictor, adjusting for the other effects. p value <0.05
indicates statistically significant increased risk of erosion change (progression).
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with TCZ, as with other biologics.3 21 22 Additional studies are
needed to determine how a reduction in synovitis and osteitis
affects other clinical outcomes, such as remission and lowdisease activity, in patients receiving TCZ as monotherapy or in
combination with MTX.
Most studies with MRI outcomes have demonstrated similar
patterns of response for synovitis and osteitis, although a
2-week time point is unusual. Previous work has suggested that
osteitis is related to severity of adjacent synovitis and that most
likely represents a dependent and related process.23 Recent data
from a randomised abatacept RA trial with a 4-month endpoint
suggested a differential response between osteitis (measured at
23 sites within wrist and MCP joints) and synovitis (measured at
three sites in the wrist), though this may have reﬂected the
number of sites evaluated for each pathology and the consequential differential responsiveness of the measures.24 In the
current study, it is interesting to note that one arm of the study
demonstrated statistically signiﬁcant improvements in synovitis
(measured at seven sites) but not osteitis; however, this must be
interpreted with caution in light of the small changes involved.
Previous studies in patients with RA, including LITHE and
ACT-RAY, have shown prevention of radiographic joint damage
at 52 weeks after treatment.13 25 These previous results have
now been conﬁrmed with the use of MRI; patients treated with

Figure 4 Disease Activity Score using 28 joints over 52 weeks. MTX,
methotrexate; PBO, placebo; TCZ, tocilizumab.
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TCZ+MTX or TCZ+PBO had no statistically signiﬁcant
increase in mean RAMRIS erosion scores through week 52.
MRI erosion scores at weeks 12 and 52 correlated with radiographic erosion scores at week 52. This ﬁnding is consistent
with that of other studies, which observed that MRI is more
sensitive at detecting such changes earlier than are X-rays at 52
weeks.26–28
Although some numeric group differences in MRI results
were observed (eg, larger synovitis improvements in the TCZ
+PBO arm), they may still have been due to chance because of
the relatively small sample size. No clear discrepancies in baseline characteristics, additional use of conventional DMARDs,
adherence with infusions and MTX/PBO, steroid dose or concomitant use of other medications were observed. In general,
the efﬁcacy results observed in this substudy were consistent
with those of the overall ACT-RAY study.
The mechanism by which TCZ improves the signs and symptoms of RA has not been fully elucidated. Although C-reactive
protein has been used as a marker of inﬂammation, its use is complicated by the fact that TCZ inhibits IL-6 signalling and consequently reduces C-reactive protein levels.29 Differentiating
between a reduction in inﬂammation and the direct effects of the
therapeutic agent makes it difﬁcult to fully diagnose disease activity in patients. However, other indicators of inﬂammation, such
as MRI and changes in proinﬂammatory T cell populations, have
shown that TCZ signiﬁcantly reduces inﬂammatory burden.30 In
the current study, improvements in synovitis and osteitis scores
were observed as early as 2 weeks and were sustained over
52 weeks. This indicates that MRI may be used successfully to
detect changes in the status of bone and joint inﬂammation. This
ﬁnding indicates that inhibition of IL-6 function by TCZ can
reduce inﬂammation at the bone and joint level.
This study had several limitations. First, no gadolinium
enhancement was used, which may have decreased the speciﬁcity of synovitis evaluations.31 Second, MRI with a ﬁeld strength
of 0.2 T was used. Although most clinical trials using the
RAMRIS scoring system have used MRI with a ﬁeld strength of
1.5 T, low-ﬁeld MRI in previous studies has demonstrated comparable speciﬁcity but lower sensitivity compared with high-ﬁeld
MRI. However, it has been demonstrated that 0.2 T MRI and
1.5 T MRI performed equivalently, both cross-sectionally and
longitudinally.32 33 A lower sensitivity of 0.2 T MRI may nevertheless have resulted in underestimation of the antiinﬂammatory response or overestimation of the antierosive
response to TCZ treatment in some patients. These differences
in magnetic ﬁeld strength and the lack of contrast enhancement
also complicate comparisons of the results of this study with
those of other studies. Additionally, the study lacked an inactive
comparator arm, which would have helped conﬁrm that the
assessments were sensitive enough to reliably demonstrate nonprogression of bone erosion. It is worth noting, however, that
all nine randomised controlled trials using MRI that were previously evaluated by the readers in this study consistently showed
progression of bone erosion,4 17 24 33–38 including one using
0.2 T MRI.17 33
This study provided an independent measure of synovitis,
osteitis and erosion through MRI and conﬁrmed that treatment
with TCZ reduces inﬂammation in patients with RA. A reduction in synovitis and osteitis through IL-6 receptor antagonism
is one of the mechanisms by which TCZ protects joints in
patients with RA.
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