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EXTENDED REPORT

A comparative effectiveness study of adalimumab,
etanercept and infliximab in biologically naive and
switched rheumatoid arthritis patients: results from

the US CORRONA registry

Jeffrey D Greenberg,' George Reed,? Dennis Decktor,® Leslie Harrold,?
Daniel Furst,* Allan Gibofsky,® Ralph DeHoratius,® Mitsumasa Kishimoto,'
Joel M Kremer,® on behalf of the CORRONA Investigators

'ABSTRACT

Purpose To compare the effectiveness of anti-tumour
necrosis factor (TNF) agents in biologically naive and
‘switched' rheumatoid arthritis (RA) patients.

Methods RA patients enrolled in the CORRONA
registry newly prescribed adalimumab (n=874),
etanercept (n==640), or infliximab (n=728) were
stratified based on previous anti-TNF use. Clinical
effectiveness at 6, 12 and 24 months was examined
using the modified American College of Rheumatology
response criteria (mACR20/50/70) and achievement of
remission (28-joint disease activity score (DAS28) and
clinical disease activity index {CDAI}) in unadjusted
and adjusted analyses. The persistence of anti-TNF
treatment was examined using Cox proportional
hazard models.

Results Among 2242 patients (1475 biologically naive,
767 switchers), mACR20, 50 and 70 responses were
similar {p>0.05) for adalimumab, etanercept and infliximab
at all time points, as were rates of CDAl and DAS28
remission (p>0.05). Response and remission outcomes
were consistently inferior for switched versus biclogically
naive patients. The adjusted OR for achieving an mACR20
response was 0.54 (95% Cl 0.38 to 0.76) in first-time
switchers and 0.42 (95% CI 0.23 to 0.78) in second-time
switchers versus biclogically naive patients at 6 months.
The adjusted OR for achieving DAS28 remission were
0.29 (95% Ci 0.15 to 0.58) for first-time switchers and
0.26 {95% CI 0.08 to 0.84) for second-time switchers.
Persistence was higher in biolegically naive patients, for
whom persistence was highest with infliximab.
Conclusions No differences in rates of drug response
or remission were observed among the three anti-TNF
Infliximab was associated with greater persistence in
biologically naive patients. Response, remission and
persistence outcomes were diminished for patients who
switched anti-TNF

Over the past decade, anti-tumour necrosis factor
(TNF) therapies have become the most frequently
prescribed class of biological agents for the treat-
ment of rtheumatoid arthritis (RA) in the USA and
Europe. Currently, there are five anti-TNF agents
approved by the European Medicines Agency
and the US Food and Drug Administration, with
varying structures, dosing and pharmacokinetics.

Despite these differences, they all block TNE, and
two randomised clinical trial (RCT) meta-analyses
of three commonly prescribed anti-TNF (adali-
mumab, etanercept and infliximab) concluded
that the three anti-TNF demonstrated comparable
efficacy.! 2 However, these meta-analyses have
been criticised, and their findings conflict with the
results reported in two European registry studies
demonstrating that adalimumab and etanercept
users have better clinical responses than infliximab
users.? 4 Those reports originated from European
countries with more restricted access to biological
agents and dosage restrictions.

An important caveat to the application of anti-
TNF RCT results to RA patients in the clinic is that
the vast majority of the RCTs were conducted in
biologically naive patients, particularly in those
without a previous history of anti-TNF treat-
ment. However, intraclass switching of anti-TNF
agents is common in clinical practices in Europe
and the USA.?-8 Currently, there is inadequate evi-
dence regarding the benefits of this strategy. As a
result, switching patients to a different anti-TNF
agent is restricted in certain European countries.
Comparative effectiveness research using obser-
vational data sources has gained broader support
in Europe and the USA across clinical disease
areas.” 1

Comparative effectiveness studies using obser-
vational data from registries represent a promising
alternative to RCT for comparing interventions and
therapies between biologically naive patients and
patients who switch anti-TNE!! This is important
because rheumatologists in the USA and many
European countries prescribe anti-TNF agents to
RA patients with markedly lower disease activity
than RCT populations.>'4 Given that comparative
effectiveness data for US-based cohorts are lacking,
the aim of the present study was to compare the
clinical effectiveness of specific anti-TNF agents
and the strategy of intraclass switching in a large
US cohort of RA patients using the Consortium
of Rheumatology Researchers of North America
(CORRONA) registry. In particular, we sought to
compare composite rates of drug response and
remission outcomes as well as the persistence of
anti-TNF treatment over a 2-year period.
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Table 1 Baseline characteristics of the study cohort stratified by previous exposure to anti-TNF and newly prescribed anti-TNF agent
Biolegic naive First-time switchers*

Characteristics ADA N=460 ETA N=480 INF N=535 p ValueT ADA N=311 ETA N=139 INF N=166 p Valuet
Demographics - )
Women 78% 76% 12% 0.06 82% 79% 82% 0.72
Age (years) 5512 5413 61£13 <0.001 56+13 5613 5612 0.83
Healthcare coverage?
Private insurance 78% 81% 2% 0.04 79% 81% 74% 0.39
Medicare 27% 24% 45% <0.001 34% 35% 34% 0.98
Medicaid 7% 9% 6% 0.30 9% 6% 5% 0.23
Clinical
Duration of RA {years) 8.9+9.5 8.8+9.2 9.6x9.9 <0.001 12787 10.6£10.0 11.8+9.4 0.09
Tender joint count 7.1+7.1 6.4+6.2 6.3+6.7 0.11 7.6+7.1 6.6+6.8 6.3+6.9 014"
Swollen jeint count 7.6+6.5 6.5+5.8 8.2x+6.9 <0.001 6.7x6.3 6.9+6.5 7.4+7.00 0.57
Patient global assessment (0—100 mm) 41.2+21.5 40.1+£24.7 38.7+24.9 0.34 44,4+25.3 42.9+27.3 38.7+25.5 0.09
Patient pain assessment (0~100 mm) 43.3+28.0 415247 41.5+25.8 0.48 457+255 46.0+26.0 41,9249 0.26
Physician global assessment (0100 mm) 36.9+20.5 33.5+203 34.4+20.9 0.03 37.3+223 33.3+20.5 32.8+22.2 0.05
mHAQ score 0.5+0.5 0.5+0.5 0.4+0.5 0.11 0.6+05 0.6:0.5 0.4+0.4 0.01
ESR (mm/h) 25.7+23.3 24.2+19.8 28.2+23.2 0.19 28.9+23.2 28.1x235 28.2:£22.0 0.96
DAS28 44916 4.48x14 4.53x1.4 0.91 4.55+1.5 4.39+1.3 4.46 +.6 0.79
CDAI 22.3+13.7 20.2+12.3 22.0+13.4 0.04 22.4+143 21.1+13.4 20.6+13.9 0.43 .
Disease activity per CDAI 0.15 0.69

High (>21) + 21 22 22 23 21 25

Moderate {>5-<21) 37 41 34 33 39 36

Low (>2.2-<5) 42 37 44 44 40 39
BMI . 29.2+7.1 29.5+7.6 29.6x75 0.67 28.6::7.3 30.5+7.7 29.2+6.6 0.04
Disabled m M 10 0.79 24 12 17 0.01
Medication at entry
Prednisone 35 33 33 0.80 35 35 33 0.81
Methotrexate 68 61 68 0.05 53 63 60 0.13
Methotrexate dose

<7.5mg 22% 17% 28% 24% 15% 23%

10~17.5 mg 43% 49% 38% 37% 48% 36%

220 mg 35% 34% 35% 40% 36% 41%
No of previous DMARD 0.7+1.0 0.7+1.0 0.7+1.0 0.73 21+14 1513 C1.8x13 <0.001

Data shown are percentages of patients or mean+SD.

*Second-time switchers, including 103 switched to adalimumab, 21 to etanercept and 27 to infliximab, are not included due to relatively small sample size.
tp Values are derived from analysis of variance for continuous measures and Fisher's exact test for dichotomous variables.

$Categories are not mutually exclusive.

ADA, adalimumab; BMI, body mass index; CDAI, clinical disease activity index; DAS28, disease activity score employing 28-joint count; DMARD, disease-modifying antirheumatic
drugs; ESR, erythrocyte sedimentation rate; ETA, etanercept; INF, infliximab; mHAQ, modified health assessment questionnaire; RA, rheumatoid arthritis; TNF. tumour necrosis factor.

METHODS

Data source

The CORRONA registry is an independent prospective obser-
vational cohort of patients with arthritis who are enrolled
by participating rheumatologists in both academic and pri-
vate practice sites. As detailed previously,'” 16 CORRONA is
governed by a board of academically affiliated US rheuma-
tologists. CORRONA has no governance or ownership ties
to the pharmaceutical industry. CORRONA receives funding
from multiple pharmaceutical manufacturers to support the
registry.

CORRONA data collection began in 2002; data collected to
11 March 2008 are included in the current analyses. Up to 2008,
there were 83 sites across 33 states in the USA, and approxi-
mately 200 rheumatologists have enrolled a total of 19 902
patients, including 16 696 with RA. Approximately 22% of
the sites were academic sites and 78% were private sites. The
geographical distribution of patients in the registry across the
USA was the northeast region 34%, midwest region 24%,
south region 28% and west region 14%. Patients were enrolled
into the CORRONA registry at the time of a routine clinic
visit. Enrolment into the CORRONA registry remains active.
Both patient and physician questionnaires are filled out during

Ann Rheum Dis 2012;71:1134-1142. doi:i 0.1136/annrheumdis-2011-150573

routine clinical encounters. Completed questionnaires are faxed
or mailed to a central processing site. Approvals for data col-
lection and analyses were obtained for academic and private
practice sites from local and central institutional review boards,
respectively.

Study population

Among the 16 696 patients with RA enrolled inthe CORRONA
registry, 2530 were newly prescribed an anti-TNF agent with
at least one follow-up visit between 4 February 2002 and 11
March 2008. No disease activity or comorbidity exclusion
criteria were required for RA patients enrolled into the con-
sortium registry. For the purposes of this study, the 162 RA
patients in remission at baseline, defined by a clinical disease
activity index (CDAID)Y score of 2.8 or less or a disease activ-
ity score based on 28 joints (DAS28) and erythrocyte sedi-
mentation rate (ESR) less than 2.6 were excluded from the
study population. Patients with a previous history of the use
of a non-TNF agent (N=126) were also excluded, resulting in
2242 RA patients included in this analysis. Among these 2242
patients, 1475 were biologically naive, 616 were first switch-
ers and 151 were switching to their second or more biological
agent. A flowchart describing the study population in greater
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Table 2 Crude response and remission rates at 6 and 12 months among adalimumab, etanercept and infliximab users in those who were biclogically

naive
6 Months 12 Months
INF - ADA ETA INF ADA ETA

mACR response

No of patients 230 235 222 182 190 178
mACR 20

Responders (%) 26.5 30.6 37.4 26.9 26.8 31.5

Adjusted OR* 1.00 0.95 (0.60-1.50) 1.37 (0.94-1.99) 1.00 0.96 (0.56, 1.64) 1.35{0.84, 2.18)
mACR50

Responders (%) 14.3 19.6 26.6 20.3 17.4 20.8

Adjusted OR* 1.00 1.03 {0.52, 2.01) 1.75 (0.99, 3.09) 1.00 0.72 (0.46-1.13) 1.03 {0.62-1.70)
mACR70

Responders (%) 9.6 10.2 9.9 12.1 12.1 1.8

Adjusted OR* 1.00 0.76 (0.41-1.42) 0.81 (0.42-1.56) 1.00 0.83 {0.46-1.49) 1.04 (0.61-1.78)
CDAI remission

No of patients 254 249 242 199 202 189

Responders {%) 15.7 13.7 181 17.1 12.9 18.5

Adjusted ORt 1.00 0.83 (0.42-1.63) 1.18 (0.65-2.14) 1.00 0.69 (0.42-1.15) 1.15 (0.61-2.12}
DAS28 remission

No of patients 103 107 116 71 75 72

Responders (%) 28.2 25.2 28.4 33.8 333 37.5

Adjusted ORt 1.00 0.72 (0.48-1.08) 0.95 (0.43-2.08) 1.00 0.89 {0.39-2.00} 1.01{0.47-2.12)

*Adjusted for duration of RA, joint counts, patient global, age, mHAQ, disability, use of methotrexate and year of initiation.
tAdjusted for duration of RA, baseline disease activity, age, mHAQ, disability, use of methotrexate and year of initiation.
ADA, adalimumab; CDA, clinical disease activity index; DAS28, disease activity score employing 28-joint count; ETA, etanercept; INF, infliximab; mACR, modified American College of

Rheumatology.

detail can be found in supplementary figure S1 (available
online only).

Measures and data collection

Data were collected during the study period from physician
assessment and patient questionnaires completed during clini-
cal encounters. Patients were followed as frequently as every 3
months. For this dataset, the mean time between visits was 4.7
months and the median time between visits was 3.8 months.
Non-biological and biclogical disease-modifying antirheumatic
drugs (DMARD), including anti-TNF agents, were recorded at
the time of the clinical encounter. Data elements also docu-
mented at the time of a clinical encounter that are relevant
to the current analysis included 28 tender and swollen joint
counts, physician and patient global assessments of disease
activity, patient assessment of pain, the modified health assess-
ment questionnaire (HAQ) assessing physical function and
ESR. Across the 2242 patients, data on tender and swollen joint
counts were complete in 2210 (98.6%) patients. All compo-
nents:of the CDAI were completed for 2069 (92.3%) patients.
Acute phase reactant data were recorded from laboratory tests
obtained within 10 days of the clinical encounter, but collection
of laboratory data was not mandated by the registry protocol.
ESR values were available for 1210 (54%) patients. Insurance

data was available for 73.5% of patients. Completeness was

high for data required for the CDAI (>92%).

Drug exposure cohorts

Patients initiating adalimumab, etanercept and infliximab were
stratified into one of three cohorts. Biologically naive patients ini-
tiating an anti-TNF agent were defined as patients with no lifetime
history of treatment with anakinra, other anti-TNF agents, abata-
cept or rituximab. First-time switchers were defined as patients
initiating an anti-TNF agent with a history of previous treatment
with a different anti-TNF agent. Second-time switchers were
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defined as patients with a history of previous treatment with
two different anti-TNF agents. Within each of the three cohorts,
comparisons among the three individual anti-TNF agents (adali-
mumab, etanercept and infliximab) were performed.

Registry outcomes

Responsiveness to anti-INF therapy was assessed using the
modified American College of Rheumatology (ACR) 20, 50 and
70 response criteria without the requirement for an acute phase
reactant to maximise the amount of patient data available for
analysis. These measures have been previously defined and
validated.’® 1 A modified ACR20 response required a 20% or
greater improvement in tender and swollen joint counts, as well
as in two or more of the following four ACR response compo-
nents: physician global assessment, patient global assessment,
patient global pain and modified HAQ. The modified ACR50
and 70 responses were calculated using the same criteria, but
requiring at least 50% and 70% improvement, respectively.
Disease remission outcomes were defined as a DAS28-ESR
score less than 2.6%0 and a CDAI score, which does not require
an acute phase reactant, of 2.8 or less.!” Continuation or persis-
tence of treatment with the newly prescribed anti-TNF agent
was defined as the duration of time from anti-TNF initiation to
discontinuation.

Statistical analysis
Patient clinical and demographic characteristics were compared
within the three strata of previous anti-TNF exposure by specific
agent. For continuous measures, means and SD were estimated
and analysis of variance was used to assess the statistical sig-
nificance of any differences among the groups. For dichotomous
measures, percentages were estimated and Fisher’s exact test was
used to assess the significance of differences among groups.
Formodified ACR20, 50 and 70 response, patients who discon-
tinued the newly prescribed anti-TNF agent were categorised as
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Table 3 Secondary analysis of response and remission rates in biologically naive patients: dose escalation imputed as non-response

6 Months 12 Months
INF ADA ETA INF ADA ETA

mACR response

No of patients 230 235 222 182 190 178
mACR 20

Responders {%) 25.7 28.9 37.4 23.6 25.2 315

Adjusted OR 1.00 0.97 {0.63-1.49) 1.50(1.06-2.13) 1.00 1.03 (0.2-1.70) 1.60 (0.98-1.69)
mACR50

Responders (%) 13.5 18.7 26.6 18.1 16.8 20.8

Adjusted OR 1.00 1.16 (0.64-2.12) 2.04(1.24-3.35) 1.00 0.73 (0.47-1.15) 1.10 (0.65-1.86)
mACR70
" Responders (%) 9.1 9.8 9.9 11.0 1.6 118

Adjusted OR 1.00 1.04 {0.62-1.75) 1.10 (0.58-2.09) 1.00 1.03 {0.59-1.81) 1.07 {0.62-1.85)
CDAI remission

No of patients 254 249 242 199 202 189

Responders (%) 15.4 12.9 16.1 16.1 124 18.5

Adjusted OR 1.00 0.78 (0.37-1.62) 1.19(0.64-2.22) 1.00 0.69 (0.43-1.10) 1.20 (0.63-2.27)
DAS28 remission .

No of patients 103 107 - 116 Al 75 72

Responders (%) 26.2 25.2 28.4 28.1 32.0 315

Adjusted OR 1.00 1.08 (0.74-1.58) 1.26 {0.68-2.33) 1.00 1.22 (0.64-2.35) 1.57 (0.91-2.72)

ADA, adalimumab; CDAI, clinical disease activity index; DAS28, disease activity score employing 28-jaint count; ETA, etanercept; INF, infliximab; mACR, modified American College of

Rheumatology.

non-responders (ie, no modified ACR20 50 or 70 response or no
DAS28-ESR or CDAI remission) for any study visit after discon-
tinuation, using intention-to-treat analyses with non-responder
imputation approach as previously applied.’®?! Unadjusted ACR
response rates were determined at 6, 12 and 24 months following
the start of the newly prescribed anti-TNF using 3-month time
windows for capturing study visits. Unadjusted and adjusted
OR comparing response rates among anticINF agents were
estimated using multivariable logistic regression models and
were reported with estimated 95% CI. Covariates associated
with either anti-TNF agent selection or response to treatment
were considered as possible confounders and included patient
demographics, disease activity and severity measures, previous
medication usage, history of comorbidities and years since anti-
TNEF agent initiation Sensitivity analyses were carried out apply-
ing a completer’s analysis approach. Similar methodology was
employed to assess remission based on the DAS28-ESR and
CDAI cut points defined above.

Treatment persistence was estimated using survival analysis
methods. Time from initiation to discontinuation of the anti-
TNF or to last follow-up visit was estimated based on the ini-
tiation visit dates and discontinuation (or last follow-up) dates.
Unadjusted Kaplan—-Meier survival curves were estimated for
each of the three study cohorts, as well as individually for anti-
TNF agents within each cohort. Log rank tests were used to test
the null hypothesis of no differences among the Kaplan-Meier
survival curve estimates. Proportional hazard assumptions were
assessed graphically by comparing survival curves estimated
by Cox regression models and Kaplan—Meier estimates and by
assessing the log-log survival plots. Cox proportional hazard
regression models estimated unadjusted and adjusted HR of
discontinuation. .

For each of the study outcomes, comparisons were per-
formed among the three cohorts (biologically naive, first-time
switchers and second-time switchers), and among the three
anti-TNF agents stratified within the biologically naive and first-
time switcher cohorts. For the primary analysis of persistence,
we used the visit dates of reported initiation and visit dates of
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reported discontinuation. An analysis was also carried out in
which we used dates as described above for those who indi-
cated starting or discontinuing ‘at the visit’ but for those indicat-
ing ‘since last visit’ we substituted the date halfway between
visits with little change in results. Comparisons of the three anti-
TNF agents among second-time switchers were not performed
due to small sample sizes within this cohort. We also performed
sensitivities that incorporated major changes in dose/frequency
in the survival analyses and imputed non-response for major
dose/frequency escalations. We distinguished high versus low
dose/frequency for adalimumab as 40 mg weekly versus every
2 weeks, and for infliximab using the cutpoint of of greater than
6 mg/kg every 8 weeks or equivalent based on a previously
published cutpoint.??

To allow comparison with other registries and RCT, crude
response and remission rates were stratified on the basis of
whether or not patients met the eligibility criteria from three
major published controlled trials.!? As the registry records
28-joint counts, we estimated 28-joint count equivalents for the
RCT 66-joint count requirements based on the 28-joint valida-
tion methodology previously described.!? For the 66-joint count
threshold of six or more tender and swollen joints, we applied
the estimated 28-joint count equivalent of four of more joints
such that patients who were deemed RCT eligible had four or
more swollen joints, four or more tender joints and 45 min or
more of morning stiffness at the time of registry enrollment.
Power calculations varied across study outcomes for 6-month
modified ACR outcomes. In biologically naive patients, we had
93% power to detect an OR of 2.0. For DAS28 remission at 6
months we had 76% power to detect an OR of 2.25. ‘

RESULTS

Demographic and clinical characteristics

The study population consisted of 2242 RA patients; 1475
patients were biologically naive before initiating anti-TNF
therapy, 616 had switched to a second anti-TNF agent (termed
‘first-time switchers’) and 151 had switched to their third anti-
TNF agent (termed ‘second-time switchers’). The baseline
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Table 4 Unadjusted response and remission rates and adjusted likelihoods of achieving response/remission over time stratified by anti-TNF switch

status
6 Months 12 Months
Biologically naive  First-time switcher  Second-time switcher  Biologically naive  First-time switcher  Second-time switcher

mACR response

No of patients 687 319 73 550 251 67
mACR 20

Responders 30.5% 19.9% 17.3% 28.5% 14.7% 18.7%

Adjusted OR (95% CI)t 1 0.54 (0.38t0 0.76)*  0.42{0.23 t0 0.78)* 1 0.44(0.30 t0 0.66)*  0.50 {0.25 to 0.99)*
mACR50

Responders 20.2% 9.4% 9.9% 18.9% 8.8% 9.3%

Adjusted OR (95% CI)t 1 0.42(0.27 t0 0.65)*  0.42(0.20 to 0.86)* 1 0.49(0.30t0 0.78)*  0.41{0.17 to 0.99)*
mACR70

Responders 10.3% 2.6% 4.9% . 11.4% 3.7% . 4.0%

Adjusted OR (95% CI)t 1 0.28 (0.14 to 0.55)*  0.50(0.19 to 1.32) 1 0.39(0.19 t0 0.80)*  0.23 {0.05 to 1.05)
CDAI remission !

No of patients 745 334 75 590 263 67

Responders 15.4% 1.3% 1.2% 16.2% 8.8% 5.3%

Adjusted OR (95% Cl)t 1 0.57 (0.36 to 0.90)*  0.09/(0.01t0 0.71)* 1 0.63 (0.38 to 1.04) 0.32 (0.10 to 1.03)
DAS28~ESR remission

No of patients 326 136 41 218 85 27

Responders 25.1% 7.6% 7.5% 29.3% 10.3% 9.4%

Unadjusted OR (35% Cl)t8 1 0.21(0.08 to 0.56)*  0.29{0.07 to 1.22)* 1 0.21(0.07 to 0.65)*  0.31 (0.06 to 1.59)

Data presented are the percentage of patients or adjusted OR (35% Cl).
*p<0.05.

tDerived via multivariate logistical regression analyses adjusted for age, disease duration, swollen joint count, tender joint count, modified HAQ disability index, patient global

assessment, self-reported disability, methotrexate use and year since anti-TNF initiation.

$Derived via multivariate logistical regression analyses adjusted for age, disease duration, baseline disease activity, self-reported disability, methotrexate use and years since anti-TNF

initiation.
§Inadequate sample size for examination of adjusted likelihoods.

CDAI, clinical disease activity index; DAS28, disease activity score employing 28-joint count; ESR, erythrocyte sedimentation rate; mACR, madified American Gollege of Rheumatology;

TNE tumour necrosis factor.

characteristics based on anti-TNF agent among the biologi-
cally naive and first-time switchers are displayed in table 1.
Infliximab users were more likely to be older and have Medicare
insurance compared with the other biologically naive patients.
Among first-time switchers, adalimumab users were more likely
to be disabled and were exposed to a greater number of previ-
ous DMARD. Among the second time switchers (adalimumab
n=103, etanerceptn=21 and infliximab n=27), users of etanercept
were more likely to be women (data not shown). When examin-
ing patients based on overall switching status and not by specific
agent, disease duration and the number of previous DMARD,
both increased as the number of anti-TNF switches increased.
Similarly, higher (worse) modified HAQ, patient global and
patient pain scores, and larger proportions of patients reporting
disability were observed with more anti-TNF switches. Of note,
the overall mean DAS28-ESR (4.5) and CDAI (21.5) scores were
within the defined ranges of moderate disease activity levels
(data not shown).

Anti-TNF treatment

The median dose of infliximab, exclusive of the loading proto-
col, was 5.5 mg/kg every 8 weeks in biologically naive patients,
5.6 mg/kg every 8 weeks in first-time switchers and 7.1 mg/
kg every 8 weeks in second-time switchers. The majority of
patients prescribed adalimumab received 40 mg every other
week (86.5% of biologically naive patients, 75.4% of first-time
switchers and 53.7% of second-time switchers). Among patients
prescribed etanercept, dose escalation information was not col-
lected because the two approved dosing options (ie, 25 mg twice
weekly and 50 mg once weekly) are considered equivalent.

Response and remission rates hy newly prescribed

anti-TNF agent

Achievement of modified ACR20 occurred in 26.8-35.4% of
biologically naive anti-TNF users at 6 months (table 2). At 12
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months the rates were 26.7-32.4%. Response rates using the
modified ACR50 and modified ACR70 were 15.0-26.5% and
10.0-12.8%, respectively. In adjusted analyses, the likelihood
of achieving modified ACR20, 50 or 70 response outcomes
was not significantly different among the three anti-TNF
agents in biologically naive patients (table 2). Also in biologi-
cally naive patients, remission rates based on the CDAI were
15.1-16.6% at 6 months-and 12.8-20.7% at 12 months. DAS28
remission rates were slightly-higher (28.2-27.1% at 6 months
and 27.8-82.1% at 12 months). Within the biologically naive
patients, no differences in the likelihood of achieving remis-
sion among specific anti-TNF agents were observed using the
CDAI'and DAS28 remission definitions (table 2). Similar pat-
terns of response and remission were observed in first-time
switchers (see supplementary table S1, available online only).
Response and remission results at 24 months were consistent
in both biologically naive patients and first-time switchers
(data not shown). For the modified ACR20/50/70 outcomes,
as well as the DAS28/CDAI remission outcomes, consider-
ation of dose/frequency escalation as ‘non-responders’ as a
secondary analysis failed to demonstrate any consistent pat-
terns in biologically naive patients across the three anti-TNF
agents (table 3).

Unadjusted response and remission rates by

switching status

In the full study cohort without any stratification by disease
activity, achievement of a modified ACR20 response occurred
in 30.5%, 28.5% and 23.4% of biologically naive patients at
6, 12 and 24 months, respectively (table 4). Respective modi-
fied ACR20 response rates were 19.9%, 14.7% and 13.9% in
first-time switchers and 17.3%, 18.7% and 15.7% in second-
time switchers. The modified ACR 50 and modified ACR70
response rates were similarly higher in biologically naive
patients than in both first and second-time anti-TNF switchers.
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Figure 1 Drug persistency for (A} specific anti-TNF agents in

biologically naive patients and (B) biologically naive patients versus
those switched to anti-TNF agents. TNF, tumour necrosis factor.

Lower remission rates were also observed among anti-TNF
switchers versus biologically naive patients for both DAS28~
ESR and CDAI remission (table 4).

Adjusted response and remission comparisons based on
switching status
After adjustment for differences in baseline characteristics, the

likelihood of achieving a modified ACR20, 50 or 70 response was

consistently reduced in first-time switchers versus biologically
naive patients at 6, 12 and 24 months (table 4). For example, using
biologically naive patients as the reference group, the adjusted OR
for first-time switchers in achieving a modified ACR20 response
was 0.54 (95% CI 0.38 to 0.76) at 6 months, 0.44 (95% CI 0.30 to
0.66) at 12 months and 0.54 (95% CI 0.31 to 0.93) at 24 months.
For second-time switchers, a reduced likelihood of response was
also observed, although CI crossed unity at some time points.

A similar pattern of response was observed for clinical remis-
sion (table 4). At 6 months, the adjusted OR for achieving
DAS28-ESR remission was 0.21 (95% CI 0.08 to 0.56) for first-
time switchers and 0.29 (95% CI 0.07 to 1.22) for second-time
switchers versus biologically naive patients.

Similarly, using the CDAI remission definition, first-time
switchers (OR0.57,95% C10.36 to 0.90) and second-time switch-
ers (OR 0.09, 95% CI 0.01 to 0.71) were significantly less likely
to achieve remission when compared with biologically naive
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patients at 6 months (table 4). Reduced likelihoods of achieving
DAS28-ESR and CDAI remissions were also observed at 12 and
24 months, although with wider CI. Sensitivity analyses apply-
ing a completer’s analysis approach instead of non-responder
imputation yielded comparable results (data not shown).

Persistence of treatment with newly preseribed anti-TNF

Based on Kaplan—Meier curve estimates (figure 1A,B), the pro-
portions -of biologically naive patients with persistence of the
new anti-TNF treatment to 12 and 24 months were 76% and
63%, respectively, with infliximab versus 72% and 53% with
etanercept, and 68% and 53% with adalimumab (table 5). In
adjusted analyses, discontinuation was more likely in biologi-
cally naive patients receiving adalimumab (OR 1.42, 95% CI
1.12 to 1.80) or etanercept (OR 1.27, 95% CI 1.00 to 1.61) ver-
sus infliximab. Additional modelling to address dosing titration
suggestive of incomplete response was performed, and exam-
ined time to drug discontinuation or dose/frequency escalation.
These models demonstrated a different pattern. Relative to inf-
liximab (HR 1.0) among biologially naive patients, the HR for
discontinuation/dose escalation for etanercept was 0.77 (95%
CI0.63 to 0.96) and for adalimumab 1.11 (95% CI 0.90 to 1.37),
reflecting the impact of dose/frequency escalation. No differ-
ences among the three agents were observed among first-time
switchers (table 5). As demonstrated in figure 1B, patients who
switched drugs remained on their anti-TNF agent for shorter
time periods than biclogically naive patients.

Patients meeting commonly applied RCT eligibility criteria
Response and remission rates differed based on disease activ-
ity (see supplementary table S2, available online only). Among.
patients who met three commonly applied RCT eligibility crite-
ria for enrollment in RCT, modified ACR20 response rates were
higher at all time points (43.8%, 38.2% and 30.6% at 6, 12 and
24 months) compared with respective rates in patients who had
less severe disease and were thus not RCT eligible (19.1%, 17.1%
and 15.2%). Consistent stratification patterns were observed for
modified ACR50 and modified ACR70 response rates (see sup-
plementary table S2, available online only). Conversely, RCT-
ineligible patients (ie, those with lower disease activity) were
more likely to achieve CDAI remission (14.0%, 14.0% and
12.8% at months 6, 12 and 24) than the RCT-eligible patients
with more active disease (10.9%, 10.4% and 11.4% at months
6, 12 and 24). Similar findings were observed using the DAS28-
ESR remission criteria (data not shown).

DISCUSSION
In this large US registry study, the majority of RA patients pre-
scribed anti-TINF agents had low or moderate disease activity,
demonstrating markedly lower disease activity than previously
reported in the pivotal ant-TNF RCT and European regis-
tries.® 42 For both biologically naive and switched patients, we
observed no differences in drug response or remission outcomes
among adalimumab, etanercept and infliximab users. However,
the likelihood of achieving both response and remission out-
comes were consistently greater for biologically naive patients
than anti-TNF switchers. Persistence was noted to be higher for
biologically naive patients, with the highest persistence noted
for infliximab users. These comparative effectiveness results
derived from a multi-centred US registry differ from the results
reported in two large European registries. 4

The dosing patterns in our US-based registry were different
than dosing patterns reported in the European registries. In par-
ticular, the dose of infliximab was approximately 3.5 mg/kg in

1139

— 200 —



Downloaded from ard.bmj.com on January 9, 2013 - Published by group.bmj.com

Table 5 The unadjusted persistence rates and adjusted likelihood of drug discontinuation based on

anti-TNFou switching status™

Persistence rate

12 months (95% CI) 24 months (95% CI) Adjusted HR (95% CI) p Value
TNF inhibitor switching status
Biologically naive (referent) 72% {70% to 75%) 57% (54% to 60%) 1
First switchers 60% (55% to 64%) 42% (37% to 47%) 1.42(1.2210 1.67) <0.001
Second switchers 63% (54% to 70%) 42% (33% to 51%) 1.35 (1.03 to 1.76} 0.028
Interdrug comparisons
Biologically naive
Infliximab (referent) 76% (72% to 80%) 63% (58% to 67%) 1
Adalimumab 68% (64% to 73%) 53% (47% to 58%) 1.42 (1.12 0 1.80) 0.004
Etanercept 72% (68% to 76%) 53% (48% to 59%) 1.27(1.00to 1.67) 0.047
First switchers
Infliximab (referent) 65% (56% to 72%) 43% (34% to 52%) 1
Adalimumab 57% (51% to 62%) 42% {35% to 48%) 1.14{0.84 to 1.55) NS
Etanercept 60% (50% to 68%) 41% {31% to 50%) 1.01{0.71 to 1.44) NS

*Results are presented as HR with 95% Cl in parentheses; the models adjusted for age, gender, patient and provider assessments of
disease activity, seff-reported disability, comorbidity, methotrexate use and year of anti-TNF initiation.

NS, not significant; TNF, tumour necrosis factor.

the Danish registry and 3 mg/kg in the Dutch registry, whereas
the mean dose was approximately 5.5 mg/kg in our study.®*
Simnilarly, dose escalation from adalimumab 40 mg every 2
weeks to weekly was more common in our US registry than
European registries. These dosing differences further emphasise
the potential limitations of applying the results of European-
based registry results to RA patients in the USA?! and vice versa.
In particular, this difference in dose escalation of infliximab, and
possibly also adalimumab, may explain the conflicting com-
parative effectiveness results from our US registry and the two
European registry studies.34

In fact, our study results are consistent with the two published
RCT meta-analyses, concluding that there was no difference in
the efficacy among the three anti-TNF drugs. However, these
meta-analyses have been criticised for lacking statistical power
and for including study arms of infliximab with drug dosages
not frequently prescribed, especially in European countries.!™
The Dutch Rheumatoid Arthritis Monitoring (DREAM) register
reported significantly greater reductions in DAS28 and HAQ-DI
for both adalimumab and etanercept versus infliximab.* These
findings were further supported by the nationwide Danish
Biologics (DANBIO) registry, in which patients receiving either
adalimumab or etanercept were more likely to achieve a ACR50,
ACR70 and European League Against Rheumatism (EULAR)
moderate/good response than patients prescribed infliximab.?
In both studies, drug persistence was also lowest for infliximab.
However, as previously noted, the median dosage and frequency
of administration of infliximab in these two studies were mark-
edly different from our experience in the US-based CORRONA
registry. Alternatively, we may have failed to detect a difference
due to a type II error. Therefore, these important differences
may partly explain differences in study results derived from US
registries, European registries and RCT. )

The effectiveness of anti-TNF switching for - incomplete
responders to a first anti-TNF agent has also been examined
primarily in European studies. Investigators using the South
Swedish Arthritis Treatment Group (SSATG) register exam-
ined drug responsiveness and remission outcomes in patients
receiving their second or third anti-TNF agent, and found dimin-
ished ACR response and DAS28 remission rates in patients
who switched versus first-time users.® The largest published
study of treatment response among anti-TNF switchers was
the European-based open-label clinical trial of adalimumab, the
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Research in Active Rheumatoid Arthritis (ReAct) trial.?* Among
patients who had a history of treatment with etanercept and/or
infliximab, use of adalimumab resulted in robust ACR response
and remission rates, but these proportions were lower among
adalimumab-treated patients who switched. A recent system-
atic review, based primarily on a small number of European reg-
istry studies, concluded that responses to a subsequent anti-TNF
agent were diminished when the switch was due to lack of effi-
cacy.?® To our knowledge, no comparative effectiveness studies
from US registries have been published for anti-TNF switching
in RA patients.

Drug persistence studies of anti-TNF agents in RA patients
have also been published, and may be the outcome measure
most strongly influenced by a nation’s healthcare system and
drug access policies. Persistence has been reported as a sur-
rogate measure of drug effectiveness, but is also influenced by
tolerability, toxicity, cost and relative availability. When com-
paring persistence across individual agents, investigators using
the German biological agent registry as well as the British
Society for Rheumatology Biologics Register in the UK did
not find differences in persistence among the three anti-TNF
agents.’ %6 In contrast, the DANBIO and DREAM registries, as
well as a Swedish registry, observed that the risk of discontinu-
ation was higher for infliximab users than adalimumab or etan-
ercept users.”” In contrast, the results from a recent study from
a US administrative claims database were consistent with our
study, showing higher persistence rates for infliximab as com-
bination therapy with methotrexate.?® Similar to our study,
another US study reported that dose escalation is frequently
prescribed in US patients with RA treated with infliximab.??
Our results are also consistent with earlier studies demonstrat-

ing reduced drug persistence among anti-TNF switchers versus

first time users.30

In contrast to multiple European registry studies, we observed
that the disease activity level on anti-TNF initiation in our
US-based registry was substantially lower. The majority of both
biologically naive and anti-TNF switched patients had low or
moderate disease activity at baseline before anti-TNF initiation.
In contrast, the mean baseline disease activity (DAS28) in various
European RA biological agent registries are consistently greater
than 5.137 2831 In fact, these baseline characteristics in the
European registries more closely resemble RA patients enrolled
in anti-TNF RCT. As demonstrated in our study, drug response
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is strongly influenced by the disease activity eligibility criteria
routinely applied in RCT. These differences in patient character-
istics and dosing patterns between European and US-based RA
populations prescribed biological agents may in fact influence
comparative effectiveness results, reinforcing the complemen-
tary importance of both US and European registries.?®

Our study has numerous strengths. This study represents
one of the largest comparative effectiveness studies of spe-
cific anti-TNF agents and anti-TNF switching, derived from a
large US-based registry of RA patients with physician-derived
outcome measures. We examined three different outcome
domains—drug response, remission achievementand persistence
on drug—to develop an integrated assessment of drug utilisation
and effectiveness of specific anti-TNF agents as well as anti-TNF
switching. This work focused on the ‘real world’ effectiveness
of agents in US patients, who are markedly different to RCT
subjects in terms of comorbidities and RA disease activity.'? Our
study complements the reports from European registries with
improved generalisability to US-based RA patients with lower
disease activity and greater access to biological agents. Finally,
we were able to examine and adjust for clinical factors that influ-
enced drug response, remission achievement and persistence, as
the CORRONA registry prospectively collects these data from
the treating rheumatologist at the time of the office visit.

This study also has limitations. Unlike RCT, the timing of
the study visits was based on clinic visits, and was requested
at intervals of approximately 3 months. Nevertheless, the mean
study interval between study visits was approximately 4.5
months, which compares favourably with the intervals reported
from the majority of RA registries. In addition, acute phase reac-
tant data were not available for all patients in the study. As a
result, we applied previously validated outcome measures not
requiring acute phase reactants such as modified ACR outcomes
and CDAI remission definition.! In fact, the CDAI has recently
been shown to be less influenced than the DAS28 by changes
in ESR in the normal range, which can inflate remission rates.?
Finally, given the modest representation of the CORRONA
registry relative to the entire US population of RA patients pre-
scribed anti-TNE there are limitations to the generalisability of
our findings.

In conclusion, the results of this US-based study indicate that
similar rates of drug response and remission were achieved
across the three anti-TNF agents, with more robust effectiveness
consistently observed for those who were biologically naive
versus patients who switched therapies. Moreover, biologically
naive patients prescribed anti-TNF had higher persistence as
compared with switchers. Among biologically naive patients,
infliximab was associated with greater persistence than the
other two agents. Additional comparative effectiveness stud-
ies are required to determine if switching to another biologi-
cal class with a different mechanism of action would improve
outcomes compared with intraclass switching strategies. Given
the marked differences in disease activity and severity among
patients initiating biological agents in the USA versus various
European countries, comparative effectiveness studies from
both populations are needed to inform their respective patient
populations.
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Use of Hydroxychloroquine in Japan
To the Editor:

Antimalarial agents have been used for the treatment of inflammatory dis-

eases for the last half century, with hydroxychloroquine (HCQ) being
approved in the United States in 1955!. In addition to its common use in
systemic lupus erythematosus (SLE), including cutaneous forms, it has
also proven useful in treating rheumatoid arthritis (RA)?3# and Sjégren’s
syndromeS. In SLE, antimalarial agents have been shown to decrease dis-
ease activity and subsequent flares in both nonpregnant® and pregnant
patients’. Other potential benefits include a decreased risk of infection® and
thrombosis®. HCQ has been shown to exert a positive effect on overall sur-
vivall®. In a large cohort of multiethnic patients with SLE (the LUMINA
cohort), HCQ prevented renal and central nervous system diseasell12,
Finally, a recent report suggests that maternal use of HCQ may decrease
the risk of cardiac manifestations of neonatal lupus®3.

Despite these benefits and its current use in over 70 countries, chloro-
quine and HCQ remain unavailable for clinical use for rheumatology
patients in Japan: This unavailability stems from a series of lawsuits in the
1970s as a result of chloroquine retinal toxicity, which was first reported by
Cambiaggi in 1957 and further confirmed by Hobbs, ez al in 195915,
Interestingly, chloroquine was widely used in Japan for a variety of clini-
cal indications from 1955 through the early 1970s, including malaria, RA,
and SLE, as well as in diseases such as epilepsy and chronic nephritis, in

alone, sulfasalazine and hydroxychloroquine or a combination of
all three medications. N Engl J Med 1996;334:1287-91.

Dixon JS, Pickup ME, Bird HA, Lee MR, Wright V, Downie WW.
Biochemical indices of response to hydroxychloroquine and
sodium aurothiomalate in rheumatoid arthritis. Ann Rheum Dis
1981;40:480-8.

Kim WU, Seo Y1, Park SH, Lee WK, Lee SK, Paek SI, et al.
Treatment with cyclosporine switching to hydroxychloroquine in
patients with rheumatoid arthritis. Ann Rheum Dis 2001;60:514-7.
Tishler M, Yaron I, Shirazi I, Yaron M. Hydroxychloroquine
treatment for primary Sjogren syndrome: Its effect on salivary and
serum inflammatory markers. Ann Rheum Dis 1999;58:253-6.
Ruiz-Irastorza G, Ramos-Casals M, Brito-Zeron P, Khamashta MA.
Clinical efficacy and side effects of antimalarials in systemic lupus
etythematosus: A systematic review. Ann Rheum Dis 2010;69:20-8.
Clowse MEB, Magder L, Witter F, Petri M. Hydroxychloroquine in
lupus pregnancy. Arthritis Rheum 2006;54:3640-7.

Ruiz-Irastorza G, Olivares N, Ruiz-Arruza I, Martinez-Berriotxoa
A, Egurbide MV, Aguirre C. Predictors of major infections in
systemic lupus erythematosus. Arthritis Res Ther 2009;11:R109.
Jung H, Robba R, Su J, Shariati-Sarabi Z, Gladman DD, Urowitz
M, et al. The protective effect of antimalarial drugs on
thrombovascular events in systemic lupus erythematosus. Arthritis
Rheum 2010;62:863-8.

which baseline risk of retinal toxicity was likely higher to begin with!S. 10. Shinjo SK, Bonfa E, Wojdyla D, Borba EF, Ramirez LA,
The dangers associated with chloroquine use were compounded by the Scherbarth HR, et al. Antimalarial treatment may have a
absence of rigorous safety screening protocols, despite the known potential time-dependent effect on lupus survival: Data from a multinational
for retinal toxicity. As a result, chloroquine was withdrawn from the Latin America inception cohort. Arthritis Rheum 2010;62:855-62.
Japanese market in 1974. 11. Fessler BJ, Alarcon GS, McGwin G Jr, Roseman J, Bastian HM,

In the last decade, the clear benefits of antimalarial agents'in rheuma- Friedman AW, et al. Systemic lupus erythematosus in three ethnic
tological diseases have been increasingly recognized, by the growing groups: XVI. Association of hydroxychloroquine use with reduced
cohort of returnee patients already treated with HCQ overseas as well as risk of damage accrual. Arthritis Rheum 2005;52:1473-80.
US-trained rheumatologists returning to Japan for clinical practice. In 12. Pons-Estel GJ, Alarcon GS, McGwin G Jr, Danila M, Zhang J,
2009, an initiative began to promote the study and introduction of HCQ Bastian HM, et al. Protective effect of hydroxychloroquine on renal
into clinical care in Japan, appreciating the importance of updated safety damage in patients with lupus nephritis: LXV. Data from a i
screening protocols!”18, including earlier detection of retinal toxicity with multiethnic US cohort. Arthritis Rheum 2009;61:830-9. X
newer ophthalmologic modalities such as multifocal electroretinogram, 13. Izmirly PM, Kim MY, Llanos C, Le PU, Guerra MM, Askanase
spectral domain optical coherence tomography, or fundus autofluores- AD, et al. Evaluation of the risk of anti-SSA/Ro-SSB/La
cence. Given its wide use as a standard of care worldwide, there is little antibody-associated cardiac manifestations of neonatal lupus in
reason to support HCQ’s continued absence from the market. Unsur- fetuses of mothers with systemic lupus erythematosus exposed to
prisingly, a recent small study of HCQ in Japanese patients with SLE hydroxychloroquine. Ann Rheum Dis 2010;69:1827-30.
showed benefit in cutaneous disease, arthritis, and fatigue!®. To this end, 14. Cambiaggi A. Unusual ocular lesions in a case of systemic lupus
2012 will see the first clinical trial of HCQ for SLE in Japan. erythematosus. Arch Ophthalmol 1957;57:451-7.

We hope that an understanding of the history of antimalarial agents in 15. Hobbs HE, Sorsby A, Freedman A. Retinopathy following
Japan — a legacy that precluded the appropriate use of an efficacious ther- chloroquine therapy. Lancet 1959;2:478-80.
apy — will soon lead to an era of improvement of patient care, survival, 16. Marmor MF, Carr RE, Easterbrook M, Farjo AA, Mieler WF;
and quality of life for patients with SLE in Japan. American Academy of Ophthalmology, et al. Recommendations on

screening for chloroquine and hydroxychloroguine retinopathy:

MITSUMASA KISHIMOTO, M, Pib, Division of Allergy and A report by the American Academy of Ophthalmology.
Rheumatology, St. Luke’s International Hospital, Tokyo; GAUTAM A. Ophthalmology 2002;109:1377-82.
DESHPANDE, Mp, Center for Clinical Epidemiology, St. Luke’s 17. College of Ophthalmologists. Chloroquine, hydroxychloroquine
International Hospital, Tokyo; NAOTO YOKOGAWA, Mp, Department of and the eye. London: College of Ophthalmologists; 1993.
Rheumatology, Tokyo Metropolitan Tama Hospital, Tokyo; JILL P. 18. Marmor MF, Kellner U, Lai TY, Lyons JS, Mieler WF; American
BUYON, MD, Department of Rheumatology, New York University — Academy of Ophthalmology. Revised recommendations on
Hospital for Joint Diseases, New York, New York, USA; MASATO screening for chloroquine and hydroxychloroquine retinopathy.
OKADA, Mp, Division of Allergy and Rheumatology, St. Luke’s Ophthalmology 2011;118:415-22. P
International Hospital, 9-1 Akashi-cho, Chuo-ku, Tokyo 104-8560, 19. Yokogawa N, Kato Y, Sugii S, Inada S. Response to

Japan. Address correspondence to Dr. M. Kishimoto;
E-mail: mkishimo®@luke.or.jp
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Contrast-enhanced whole

body joint MR Imaging in
rheumatoid patients on tumour
necrosis factor-alpha agents:

a pilot study to evaluate novel
scoring system for MR synovitis

Siys.

in the past decade the development of bio-
logical agents particularly those which tar-
gel tumour necrosis factor alpha fanti-TNF-
o) has started a new era in the management
of rheumatoid arthritis {RA). Data from
recent studies in patients with RA show that
these drugs are very effective m improving
clinical and functional outcomes. and have
demonstrated the ability fo arrest or even
reverse radiographic progression (1. 2). In
recent years. magnefic resonance imaging
{MRI) has increasingly been used as out-
come measures in efinical trials of RA (3.
4). Presence of inflammatory involvement
of joints other than the hand especially if
clintcally occult. poteptially alter weat-
meni. Fhe ams of the present study were
e introduce and describe a novel scoring
systein for the assessment of whole body
oink synoviiis, and w assess the relation-
ship with chimieal findings in & longiudinal
setting in rheumatoid patients treated with
anti-TNF-¢ agenis.

The study. which met the requirements of
our mstifutional review board for a retro-
spective observafional study. included 12
congecutive patients (2 men and 10 women:
median age. 60 years: age range. 35-73
vearss who started anti-TNF-0 treatment.
The patients had arthritis with & median
symptom duoration of 35 months (range:
7276 months). receiving various dose
of methotrexate. All patients satisfied the
American College of Rheumatoiogy re-
vised 1987 criteria for RA (5} at the time
of eniry.

Ten patients received iptravenous injec-
uons of fliximab (Remicade: Tanabe

Pharmaceutical. Tokyo. Japan) and 4 pa-
tients recewved etanercept (Enbrelr Am-
gen. Plizer/Wyeth. Takedaj. The kinds and
amounis of other drugs that each patient
was taking were not changed during the
study period. Each patient was clinically
evaluated and underwent MR imaging at
baseline and followup. Contrasi enhanced
WMRI was performed on 2 §.5T whole body
MR system (Magnetom Avanto: Siemens
Medical Solutions, Erlangen. Germany) in
a wav described elsewhere (61, Briefly. the
joints of 13 body regions for each patient:
the atfanto-axial joint. bilateral shoulder
joints. bilateral wrist joints. bilateral MCP
oinis. bilateral hip joints. bilateral knee
joinis. and bhijateral metatarsophalangeal
{(MTPy joints were scanned and evaluated.
fmage acquisition wax started immediately
after completing conirast injection and
Jjoints were scanned in the order mentioned

Letters to the Editors

Table. Correlation wn treatment effect between MR measures and clinjeal data < disease acovify.

AMR-positive jomt connt

AMR synoviits score

Toral Hand Remaining Yotat Hand Remaining
1}.554 0.620° 0.642°
3.587 H.647
! NE NS Ny
AESR (mmvhr) NS NS N§
ACRP (mgrd) NS NE N& NE
ADAS28-ESR NS KN : 05768 NS

A {deftay means difference berween baseline and folow-up studies. “p<0.03.

above. The examination fime was less than
30 minutes. The MR images were assessed
by one experienced radiologist. who was
blinded to all clinical information. Hand
Joints were evaluaied according to RAM-
RIS for synovitis. Remaining joints were
scored in the similar way as RAMRIS for
hand joints {7}

Both MR-positive joint count and MR
synovitis score for hands joints did not cor-
relate with any of the measures for clinical
data and disease activity. On the other hand.
both MR-positive joint count apd MR syn-
ovitis score Tor rematning joints correlated
moderately to strongly with some measures
for climical data and disease activity There
was moderate positive correlation beiween
delta MR synovitis score for total joints
(hands and remaining joints) and delta
DAS28-ESR. Here. delta means the differ-
ence between baseline and follow-up stud-
ies (Table §).

MR imaging indings of the systemic joints
correlate with clinical findings in RA pa-
tents. especially when scoring apalysis
for synovitis is performed. Compared 1o
hand joints. changes in MR synovitis score
caused bv therapeutic agent such as anfi-
TNF-0 may be more sensitive in remain-
g joints. This may indicate that images
obtained beyond the appropnate time win-
dow of 5-10 minutes after contrast injec-
tion (8) are useful to evaluate the response
to treatment. Although the group of patienis
studied was small and non homogeneus.
this approach mayv be useful for sensitive
analysis of systemic. synovitis in rheuma-
toid patients. Study with a greater number
of patienis with healthy controls s neces-
sary fo obtain more solid conclusions.
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RHEUMATOLOGY
Concise report

Positive synovial vascularity in patients with low
disease activity indicates smouldering inflammation
leading to joint damage in rheumatoid arthritis:
time-integrated joint inflammation estimated by
synovial vascularity in each finger joint

Jun Fukae®, Masato Isobe’, Akemi Kitano', Mihoko Henmi’,

Fumihiko Sakamoto’, Akihiro Narita®, Takeya Ito?, Akio Mitsuzaki’,

Masato Shimizu', Kazuhide Tanimura®', Megumi Matsuhashi’, -
Tamotsu Kamishima®, Tatsuya Atsumi® and Takao Koike®

Abstract

Objective. To investigate the relationship between synovial vascularity and joint damage progression in
each finger joint of patients with RA under low disease activity during treatment with biologic agents.

Methods. We studied 310 MCP and 310 PIP joints of 31 patients with active RA who were administered
adalimumab (ADA) or tocilizumab (TCZ). Patients were examined with clinical and laboratory assessments.
Power Doppler sonography was performed at baseline and at weeks 8, 20 and 40. Synovial vascularity
was evaluated according to quantitative measurement. Hand and foot radiography was performed at
baseline and at week 50.

Results. Composite scores of the DAS with 28 joints and the Simplified Disease Activity Index (SDAI) were
significantly decreased from baseline to week 8, being sustained at a low level by biologic agents during
the observational period. MCP and PIP joints with positive synovial vascularity after week 8 showed more
subsequent joint damage progression than joints without synovial vascularity throughout the follow-up.
The changes in radiographic progression in these joints were independent of the sum of synovial vascu-
larity from baseline to week 40 or the occasional occurrence of positive synovial vascularity.

Conclusion. Smouldering inflammation reflected by positive synovial vascularity under low disease activity
was linked te joint damage. The damage progressed irrespective of the severity of positive synovial
vascularity. Even with a favourable overall therapeutic response, monitoring of synovial vascularity has
the potential tc provide useful joint information to tailor treatment strategies.

Trial registration. University Hospital Medical Information Network Clinical Trials Registry; http://www.
umin.ac.jp/ctr/; UMINOO0O004476.

Key words: rheumatoid arthritis, power Doppler sonography, synovial vascularity, low disease activity.
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introduction

In RA, clinical evaluations for disease activity such as
patients’ symptoms, joint examinations and laboratory
data do not have enough power to provide details on
local joint inflammation [1]. To assess rheumatoid disease
activity, composite scores such as the ACR core data set
or the DAS with 28 joints (DAS28) have been developed to

@ The Autitor 2018, Published by Oxtere University Mrass on behall of the Bitish Sociaty for Rhauniatology. Al nghts roserved. For Pamilssions, please enall: joumats germingionsfoup.com
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compensate for the weak points in the use of a single
clinical marker [2. 3]. Although these composite scores
have been well established as disease activity markers,
they cannot precisely predict the destruction of individual
joints.

The appearance and increase in synovial vascularity
related to vasodilation and angiogenesis indicates active
joint inflammation [4]. Power Doppler sonography (PDS)
enables visualization of synovial vascularity and numerical
representation of local inflammation [5, 6].

We focused on the clinical significance of synovial vas-
cuiarity in RA. We previously reported the prediction of the
progression of local finger joint damage via early changes
in synovial vascularity [7, 8]. Interestingly, we observed
finger joints with persistence of synovial vascularity after
achieving low disease activity. Here we report on the rela-
tionship between synovial vascularity and joint damage
progression in two patient groups treated with different
piologic agents, focusing on finger joints with positive syn-
‘ovial vascularity after achieving low disease activity.

Patients and methods

Patients

Thirty-one patients with RA who had started adalimumab
{ADA)} or tocilizumab (TCZ) therapies were analysed. The
patients had been pre-ireated with DMARDs [ADA: eight
patients with MTX. one with tacrolimus {TAC), one with
bucillamine (BUC)+ TAC. one with MTX+TAC and one
with SSZ + TAC: TCZ: nine patients with MTX, one with
BUC and two with TAC] or pre-treated with biologic
agents [ADA: one patient with MTX+infliximab (IFX);
TCZ: three patients with MTX+IFX, one with
MTX + etanercept and two with MTX+ADA)]. Despite
these treatment histories. all patients were refractory
cases having at least one swollen joint in the MCP/PIP
joints and a DAS28-ESR > 3.2. Demographic, clinical and
laboratory characteristics of the patients are shown in
Table 1. After baseline examinations, ADA was given to
13 patients and TCZ to 18 patients. The biologic agents
were given according to the standard protocols (ADA
" 40mg s.c. injection bi-weekly, TCZ 8 mg/kg i.v. infusion
every 4 weeks). This study was conducted in accordance
with the Declaration of Helsinki and was approved by the
local ethics committee of Hokkaido Medical Center for
Rheumatic Diseases. Informed consent was obtained
from all patients before they entered the study.

Clinical examination

Swolien and tender joints and global assessment on &
visual analogue scale (VAS) were assessed at baseline
and at weeks 8, 20 and 40 by rheumatologists (J.F.,
M.S.. M.M., K.T.) who were blinded to the ultrasono-
graphic results. Blood tests for ESR and CRP were per-
formed at each assessment.

Ultrasonography and assessment

Ultrasonography was performed at baseline and at weeks

specialized in musculoskeletal ultrasonography who were
blinded to other clinical information. A linear array trans-
ducer (13 MHz) and ultrasonographic machine were used
(EUP-L34P. EUB-7500, Hitachi, Tokyo, Japan). Power
Doppler settings have been previously described (7, 8].
First to fifth MCP and first to fifth PIP joints were scanned
in the longitudinal plane over the dorsal surface. The
quantitative PDS method was established in a previous
report [8]. A value of synovial vascularity was determined
by counting the number of vascular flow pixels in the
region of interest.

Radiography and assessment

Plain radiographs of hands, wrists and feet were obtained
at baseline and at week 50. Radiological assessments
were examined according to the Genant-modified Sharp
score (GSS) by a rheumatologist (M.S.) who was blinded
to other clinical information [9].

Statistical analysis

Differences of composite parameters were examined
using the Student’s t-test and other data were examined
using a non-parametric test (Wilcoxon’s signed-rank test
and Mann-Whitney U test). Intra- and interobserver
reliability of quantitative PDS were estimated by intraclass
correlation coefficients (ICCs). The smaliest detectable
change for the radiographic score change was calculated
according to a previous study [10]. P < 0.05 indicated sta-
tistical significance. Statistical analyses were calculated
with the use of Excel (Microsoft, Redmond, WA, USA)
and MedCalc 12.1.4.0 (MedCalc Software, Mariakerke,
Belgium).

Resulis

Clinical disease activity

At baseline there were no significant differences of
DAS28-ESR and SDAI between the ADA and TCZ
groups (Table 1). In both groups these parameters were
significantly decreased from baseline to week 8, followed
by sustained low disease activity (ADA: P=0.0007,
P=0.0005: TCZ: P<0.0001, P <0.0001. respectively)
(Tabie 1).

Radiographic evaluation of joint damage

At baseline there were no significant differences in total
GSS (TGSS) between the ADA and TCZ groups (Table 1).
in both groups the TGSS increased significantly from
baseline to week 50 (P=0.0122, £ =0.0181, respectively).

Local GSS (LGSS) was evaluated in each finger joint. In
the ADA group the median of the LGSS at baseline for
MCP and PIP joints was 2 [interquartile range (IQR) 2-4]
and 3 (IQR 1.5-4), respectively, and in the TCZ group the
median of the LGSS at baseline for MCP and PIP joints
was 3 (IQR 2-4) and 3 (IQR 2-4}, respectively. The smal-
lest detectable change values was calculated for the
LGSS for single MCP and PIP joints [0.33, 0.31 less than

8, 20 and 40 by one of three US experts (M.H., F.S.. AN.} > the smallest unit of GSS scoring (0.5)].
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TaLe 1 Clinical and laboratory characteristics of patients at baseline

Age, mean (range), years
Sex. female/male, n
Duration of symptoms, median (IQR), months
ESR. median (IQR), mm/h
CRP. median (IQR), mg/dl
Swollen joint count, median (IQR)
Tender joint count, median (IQR)
Patient’s global assessment by VAS, median (IQR)
Examiner’s global assessment by VAS, median (IQR)
DAS28-ESR (s.p.)
Baseline
Week 8
SDAI (s.0.)
Baseline
Week 8
TGESS, median (IQR)
Baseline
Week 50

. ADA o - - Tz  Pale
53 (24-78) 56.4 (33-77) 0.516
1271 18/1

62 (11-147) 142 (72-178) 0.156
48 (34-54) 54 (34-64) 0.389
0.51 (0.09-0.89) 1.31 (0.24-3.03) 0.088
3 (2-5) 5 (3-7) 0.179
5(1-8) 4 (2-9) 0.984
50 (42~65) 87 (40-80) 0.544
40 (40-50) 50 (33-70) 0.58
5.03 (1.16) 5.28 (1.08) 0.575
2.96 (0.86) 2.93 (0.81) 0.936
21 (10.5) 24.7 (11.3) 0.275
7.61 (5.48) 8.84 (4.31) 0.60
99.5 (73-116) 122.75 (98.75-160.75) 0.238
108.5 (73-134.5) 125 (99.88-164.88) 0.271

Relationship between positive synovial vascularnty
and radiographic progression in finger joints

In the ADA group the mean and median of local synovial
vascularity at baseline for the MCP and PIP joints were
197 and 0 (range 0-3053) and 218 and 0 {range 0-2414).
respectively. In the TCZ group the mean and median of
local synovial vascularity at baseline for the MCP and PIP
joints were 416 and 0 (range 0-4686) and 167 and 0 (range
0-3195), respectively. Local synovial vascularity in both
the ADA and TCZ groups decreased significantly from
baseline to week 8 (ADA: MCP P=0.0001. PIP
P < 0.0001; TCZ: MCP P=0.0002, PIP P=0.004). We
next categorized finger joints into four groups according
to the occurrence of patterns of positive synovial vascu-
larity: joints without synovial vascularity throughout the
observational period [the negative (N) group], joints with
positive synovial vascularity limited to the period from the
baseline to week 8 [the therapeutic response (R} group],
joints with intermittent occurrence of positive synovial
vascularity in the observational period [the intermittently
positive (IP) group] and joints with persistent positive syn-
ovial vascularity throughout the observational period [the
persistently positive (PP) group]. Each patient had a dif-
ferent pattern of joints with positive synovial vascularity:
patients in the N group (ADA n=2, TCZ n=2), patients in
the R group (ADA n =3, TCZ n=3), patients in the IP or PP
groups (ADA n=3, TCZ n=8) and patients in the mixed R
and P or PP groups (ADA n=5, TCZ n=7).

The change in the LGSS (ALGSS) of the R group
showed no progression as compared with the N group
or showed improvement of joint damage in the PIP
joints of the ADA treatment group (Fig. 1). We next
focused on the joints with paositive synovial vascularity
after week 8, comprising the P and PP groups.
These joints showed an increased ALGSS as compared
with the N group (Fig. 1). The ALGSS between the IP and

wwy.rheumnatolony, oxfordjournals.org

PP groups showed no significant difference with either
ADA or TCZ treatment (Fig. 1).

To analyse the relationship between synovial vascularity
and ALGSS in more detail in the joints comprising the IP
and PP groups, we calculated the sum of synovial vascu-
larity of each finger joint from baseline to week 40 to rep-
resent the total exposure to inflammation during the
treatment period. The medians of the sum of synovial
vascularity with ADA therapy for the MCP and PIP joints
were 1456 (range 71-6352) and 1136 (range 71-4757),
respectively. The medians of the sum of synovial vascu-
larity with TCZ therapy for the MCP and PIP joints were
2947 (range 71-11289) and 1385 (range 71-5964), re-
spectively. We categorized these joints into two groups:
those with a sum of synovial vascularity < median value
[the low-level (L) group], and those with a sum of synovial
vascularity > median value [the high-level (H) group].
There were no significant differences in the ALGSS be-
tween the L group and H group with either ADA or TCZ
treatment (Fig. 1).

Intra- and interobserver reliability for power Doppler
ultrasonography

Representative PDS images for 20 MCP and 20 PIP joints
were randomly chosen, and synovial vascularity was
measured three times each by the three ultrasonog-
raphers (M.H., F.S. and A.N.}. The obtained intraobserver
ICC values were 0.997-0.999 for MCP joints and 0.998~
0.999 for PIP joints. The interobserver ICC values were
0.992-0.996 for MCP joints and 0.991-0.999 for PIP joints.

Discussion

Our study revealed twa noteworthy results. First, this
study further emphasized a previous report [7] that early
improvement and then disappearance of synovial vascu-
larity resulted in reducing joint damage progression.
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Fic. 1 Relationship between positive synovial vascularity and LGSS in finger joints.
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For ADA treatment. ALGSS of MCP (A) and PIP joints (B) is shown. For TCZ treatment, ALGSS of MCP (C) and PIP joints
(D) is shown. Graphs on the left side show ALGSS of the N, R, IP and PP groups (Results section), which were
categorized according to the occasional occurrence of positive synovial vascularity. For each joint in the IP and PP
groups, the sum of synovial vascularity from baseline to week 40 was calculated and then categorized as L and H groups
{Resulis section). Graphs on the right side show ALGSS of the L and H groups.
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Synovial vascularity in RA

Secondly. a novel result was that persistence of positive
synovial vascularity in iocal finger joints showed joint
darmage progression despite achieving low disease activ-
- ity by biologic therapies. Interestingly, the ALGSS
progressed independently of time-integrated joint inflam-
mation estimated by the sum of synovial vascularity or
occasional occurrence of positive synovial vascularity.
These joints indicate the presence of low-level local joint
inflammation, i.e. smouldering inflammation. The smoul-
dering inflammatory joints could be categorized as a vari-
ation of subclinical synovitis described below.

Analysis of RA in the clinical remission phase revealed
that there were asymptomatic or symptom-limited joints
with poor prognosis. This joint inflammation or so-called
subclinical synovitis can only be detected with imaging
techniques [11-14]. The growing importance of imaging
remission of rheumatoid activity has been confirmed, and
imaging techniques such as joint ultrasonography have
focused on detailed detection of local joint inflammation
[15, 186}.

Synovial vascularity detecied by PDS is irrefutably
linked to the ievel of joint inflammation [17. 18]. Naredo
et al. [19] reported the correlation between time-
integrated values of joint counts for positive synovial
vascularity and total joint damage progression at 1 year.
From these results. we speculated that increasing and
persistent synovial vascularity might result in advanced
joint damage progression; hence an increase in the
occasional occurrence of positive synovial vascularity or
the sum of synovial vascularity worsens the structural
damage in smouldering inflammatory joints. Our data re-
vealed that joints with positive synovial vascularity after
week 8 (IP and PP groups) showed joint damage progres-
sion; however, their ALGSS progression did not relate to
the occasional occurrence of positive synovial vascularity
or the sum of synovial vascularity (Fig. 1). Accordingly, we
concluded that the structural damage in joints with smoui-
dering inflammation progressed independently of the level
of the sum of synovial vascularity or the occasional occur-
rence of positive synovial vascularity. Importantly, the
result might indicate that even low levels of positive syn-
ovial vascularity that occurred only once during the clinical
improvement phase showed a risk for structural damage.

Although a correlation between the progression of sys-
temic joint damage and fime-integrated values of joint
counts for positive synovial vascuiarity was reported
{19], our study, which focused on synovitis and joint
damage in individual finger joints, did not show such cor-
relation. Whereas the previous study [19] showed the
effect of non-biologic DMARDs, we studied biologic
agents that rapidly improved acute inflammation. The
DMARDs have slow therapeutic effect; thus the rela-
tionship between exposure to inflammation and joint
damage progression may be closer in non-biologic
DMARD users. Further. our data showed that some pa-
tients were in the mixed R and IP or PP group after start-
ing biologic agents. This might indicate a discrepancy
between overall therapeutic response and local joint re-
sponse. Limitations of our study were its small scale and

www.rheumatology .oxfordjournals.org

short observation period. Further larger studies are
needed to confirm our observations.

In RA, tight control of joint inflammation is necessary for
better outcomes. Treatment strategies should be changed
according to the clinical response. Monitoring of synovial
vascularity has the potential to provide useful joint infor-
mation for daily practice and to tailor treatment strategies
in RA.

 Rheumatology key messages

i

a Finger joints with positive synovial vascularity under }
low disease activity showed structural deterioration !
in RA.

« Monitoring of synovial vascularity has the potential
to provide useful information for daily practice in |
RA. }
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