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Objectives. To compare the effectiveness of TNF inhibitors (TNFi) and tocilizumab in rheumatoid arthritis (RA) treatment,
according to different response criteria. Methods. We included RA patients registered in the Rheumatic Diseases Portuguese Register
treated with TNFi or tocilizumab for at least 6 months, between January 2008 and July 2013. We assessed remission/low disease
activity (LDA) at 6 months according to DAS28, CDAI, and SDALI, as well as Boolean ACR/EULAR remission and EULAR response
rate, adjusting for measured confounders. Results. Tocilizumab-treated patients (1 = 95) presented higher baseline disease activity
and were less frequently naive to biologics compared to TNFi users (n = 429). Multivariate logistic regression analysis including the
propensity score for receiving tocilizumab showed that patients treated with tocilizumab were more likely to achieve remission or
LDA according to DAS28 (OR = 11.0/6.2, 95% CI 5.6-21.6/3.2-12.0), CDAI (OR = 2.8/2.6, 95% CI 1.2-6.5/1.3-5.5), or SDAI (OR =
3.6/2.5,95% CI1.5-8.7/1.1-5.5), as well as a good EULAR response (OR = 6.4, 95% CI 3.4-12.0). However, both groups did not differ
in Boolean remission (OR = 1.9, 95% CI 0.8-4.8) or good/moderate EULAR response (OR = 1.8, 95% CI 0.8-4.5). Conclusions.
Compared with TNFj, tocilizumab was associated with greater likelihood of achieving DAS28, CDAI, and SDAI remission/LDA
and EULAR good response. Boolean remission and EULAR good/moderate response did not differ significantly between
groups.
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1. Introduction

Tumour necrosis factor inhibitors (TNFi) were the first
biological agents introduced in the treatment of rheumatoid
arthritis (RA). They have been widely used for over 15
years now and extensive evidence of their efficacy and
effectiveness has accumulated, arising from numerous ran-
domised clinical trials (RCTs) and large observational studies
[1-6]. Tocilizumab, a monoclonal antibody targeting the
interleukin-6 receptor, has become available one decade later
and has progressively gained its place into RA treatment algo-
rithms [7]. It has now been included in the last 2013 European
League Against Rheumatism (EULAR) recommendations as
one of the potential first line biologic drugs, alongside TNFi
[7], after methotrexate (MTX) and/or other synthetic dis-
eases modifying antirheumatic drugs (DMARDs) failure, a
guidance followed by several national rheumatology societies
(8].

TNFi are highly efficacious, both in monotherapy and
in combination with synthetic DMARDs, such as MTX.
Several indirect comparisons of RCTs and register-based
observational studies failed to show significant differences in
effectiveness between TNFi, although there are no available
RCTs specifically addressing this issue [3-6, 9-12]. Likewise,
tocilizumab presents good response rates, not only with
concomitant MTX, but also in monotherapy [13, 14]. The
only available head-to-head study, comparing tocilizumab
and adalimumab in monotherapy, revealed higher clinical
response with the former [15]. While RCTs directly assess-
ing both classes of drugs in combination with synthetic
DMARDs are missing, indirect comparisons through system-
atic reviews of RCTs have reported similar American College
of Rheumatology (ACR) 50 responses [11, 12, 16-19] between
tocilizumab and TNFi, with only one of these studies suggest-
ing a higher ACR?70 response rate with tocilizumab [16].

Real life observational data have confirmed the effec-
tiveness of tocilizumab, with studies reporting 39-54.9% of
the patients achieving remission according to disease activity
score-28 joints (DAS28) [20-22] and 50.7% reaching ACR50
response at 24 weeks [22]. However, there are few observa-
tional register-based studies comparing the effectiveness of
different biologic drug classes in real life circumstances. In
one of such studies, Yoshida et al. compared the remission
rates after 6 months of treatment with tocilizumab or TNFi
and found that although the percentage of patients reaching
DAS28-erythrocyte sedimentation rate (ESR) remission was
higher with tocilizumab, the rates of stringent Boolean
remission were similar in both groups [23]. This finding
reflects the profound effect of tocilizumab upon inflamma-
tory markers, due to the direct inhibition of IL-6, a major
activator of the acute phase response [24]. Thus, response
rates to tocilizumab might be overestimated when consid-
ering composite scores that include inflammatory markers,
such as the DAS28, where ESR or C-reactive protein (CRP)
has a high weight on the overall score [24].

With this in mind, we aimed to compare the effectiveness
of TNFi and tocilizumab in RA treatment, according to
different response criteria, in patients followed for at least
6 months in a multicentre nationwide cohort. We further
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looked at assessing the impact of previous biologic therapies
on treatment response.

2. Methods

2.1. Patients. The Rheumatic Diseases Portuguese Register,
Reuma.pt, is a nationwide clinical register established in 2008
and used in daily practice by nearly all rheumatology centers
in Portugal [25]. Biologic therapy for RA has been available
in Portugal since 2000, with the introduction of etanercept
and infliximab. Adalimumab was approved in 2003 and
the three drugs currently account for the majority of treat-
ments. Tocilizumab and golimumab have become available
in 2009 and 2010, respectively, and have progressively been
incorporated into the daily clinical practice. The decision
to initiate, switch, or maintain biologic treatment is guided
by the SPR recommendations [8], which make no formal
statement about which agent(s) should be considered as first
line option(s).

We included patients fulfilling ACR 1987 revised RA cri-
teria, starting tocilizumab or TNFi (adalimumab, etanercept,
golimumab, or infliximab; certolizumab was not available in
Portugal during the time frame of the study) between January
2008 and July 2013, who were treated for at least 6 months and
had available DAS28 scores at baseline and follow-up.

All patients provided written informed consent as part of
their enrolment in Reuma.pt, which is approved by compe-
tent authorities in Portugal, including the Health National
Directorate and the National Board of Data Protection.
The study was conducted according to the Declaration of
Helsinki, as revised in Fortaleza (October 2013) and was
approved by the Santa Maria Hospital Ethics Committee.

2.2. Statistical Methods. The coprimary outcomes were the
proportion of patients in remission according to DAS28
(<2.6), CDAI (<2.8), SDAI (<3.3), and ACR/EULAR Boolean
criteria (tender joint count-28 joints (TJC28) < 1, swollen
joint count-28 joints (SJC28) < 1, CRP < 1mg/dL, and patient
global health (PGH) < 1/10). Secondary outcomes included
proportion of patients reaching at least low disease activity
(LDA) according to DAS28 (<3.2), CDAI (CDAI < 10), and
SDALI (<11); frequencies of EULAR good (change in DAS28 >
1.2 and DAS28-6 months < 3.2) and good/moderate response
(change in DAS28 > 0.6 and DAS28-6 months < 5.1 or change
in DAS28 > 1.2 and DAS28 > 5.1); and, finally, change in
DAS28, ESR, TJC28, SJC28, visual analogue scale (VAS),
and health assessment questionnaire (HAQ). Covariates of
interest included age at biologic start, gender, race (Caucasian
versus non-Caucasian), disease duration, years of educa-
tion, seropositivity (if anti-citrullinated protein antibody
(ACPA) and/or rheumatoid factor (RF) positive), erosive
disease (if erosions identified at X-rays of hands/feet at any
time in disease), previous biologic therapy status (biologic-
naive versus previously exposed to >I biologic), number of
previous biologics, smoking status (current smokers versus
noncurrent smokers), cardiovascular comorbidity (hyperten-
sion, dyslipidaemia, heart disease, or diabetes mellitus), and
concomitant MTX and corticosteroid therapy. At 6 months,
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data were collected on TJC/SJC28, ESR, CRP, VAS (PGH and
physician global assessment (PhGA)), and HAQ.

Baseline and follow-up data were compared according
to biologic treatment using ANOVA, Students t-test or
chi-square tests, where applicable, both for each biologic
separately and for biologic class (TNFi/tocilizumab). Bon-
ferroni tests were applied, when significant differences were
detected in ANOVA. We further performed stratification on
previous biologic therapy status, to account for the potential
relationship between previous biologic therapies and current
therapy effectiveness.

To try to accommodate for patient- and disease-related
confounders, we used multiple logistic regression and
propensity score-based methods to explore the relationship
between biologic class and treatment response. We built logis-
tic regression models predicting binary response outcomes
using stepwise backward elimination, including covariates
with P value < 0.1 in the univariate analysis and those
thought to be clinically meaningful (age, sex, seropositivity,
number of previous biologics, disease duration, and baseline
disease activity). In order to avoid overadjusting, individual
components of the disease activity score were not considered.
Variables conferring a greater than 10% change on the main
regression coefficient (biologic class) were included in the
final model.

A propensity score estimating the likelihood of receiv-
ing tocilizumab was generated, using a logit function and
including baseline variables potentially related to biologic
class that did not contain significant numbers of missing
values: age, age-squared, sex, number of previous biologics,
disease duration, baseline DAS28, TJC, SJC and concomitant
treatment with MTX, corticosteroids, and other DMARDs.
We then included this propensity score as a covariate in
the univariate and multivariate logistic regressions in order
to account for potential residual confounding. Finally, we
conducted caliper 1:5 matching with replacement on the
propensity score using the psmatch2 command of Stata
for each of the outcomes separately. Matching strategies
significantly reduced the overall mean bias (e.g., 5.4% for the
DAS28 matching), while decreasing the number of patients
subject to the analysis, as expected.

All statistical analyses were performed using Stata version
12.1 (StataCorp, College Station, TX, USA) and P value was
considered significant at <0.05.

3. Results

Five hundred and twenty-four patients fulfilled the inclusion
criteria, 95 treated with tocilizumab and 429 with TNFi
(106 adalimumab, 202 etanercept, 43 golimumab, and 78
infliximab). The baseline characteristics of the population
are represented in Table 1. Patients from different groups
had similar demographic characteristics, with expected dis-
tributions of variables such as age, gender, disease duration,
smoking, or cardiovascular comorbidities, compatible with
an established RA population. Frequencies of seropositivity
(RF and/or ACPA), erosive disease and concomitant treat-
ment with MTX, or low-dose corticosteroids were similar

between groups considering either each biologic separately
or biologic class. However, tocilizumab-treated patients were
less frequently naive to biologic therapy, had received a
higher number of previous biologic agents, and had more
active disease, as translated by significantly higher SJC28,
PhGA, DAS28, CDAI, and SDAI. Furthermore, comparing
patients by biologic class revealed higher mean ESR/CRP and
increased proportions of patients with high disease activity
according to all indexes in the tocilizumab group.

At follow-up (Table 2), only DAS28 and ESR were lower
in the tocilizumab group compared to all TNFi (P < 0.001).
Bonferroni tests after ANOVA regarding CRP at 6 months
revealed that there were no significant differences between
tocilizumab and each TNFi separately (P > 0.05 for all two-
group comparisons). All other disease activity measures
were similar between the groups. However, considering
changes from baseline values, tocilizumab users presented a
significantly greater decrease in DAS28, CDAI, SDAI, and
inflammatory markers (ESR and CRP), as well as in the SJC28
and PhGA than patients treated with TNFi (Table 2).

3.1. Remission and EULAR Response. More than half of
tocilizumab-treated patients were in DAS28 remission at 6
months, a significantly higher proportion than observed for
TNFi users (OR = 4.4, 95% confidence interval (CI) 2.8-7.0;
Figure 1(a)). However, no significant differences were seen for
remission rates according to CDAI (OR = 1.6, 95% CI 0.8-
3.2), SDAI (OR =1.9, 95% CI 0.97-3.9), or Boolean definition
(OR =1.1,95% CI 0.6-2.3) criteria. Similarly to DAS28 change
and remission, nearly two-thirds of the tocilizumab group
had a good EULAR response, compared to one-third of TNFi
users (OR = 3.6, 95% CI 2.3-5.7; Figure 1(b)). When consid-
ering the achievement of good/moderate EULAR response,
the differences between groups were smaller, with 89.5% and
79.9% for tocilizumab and TNFi groups, respectively (OR =
2.1,95% CI1.07-4.2, P = 0.03).

3.2. Response according to Previous Exposure to Biologics.
Stratification according to previous biologic therapy exposure
revealed that biologic-naive patients treated with tocilizumab
had higher odds of achieving remission, not only according
to DAS28 (OR = 7.6, 95% CI 4.0-14.5), but also according to
CDALI (OR = 2.6, 95% CI 1.2-5.8) and SDAI (OR = 3.0, 95%
CI 1.3-6.8; Figure 2(a)). No significant differences were seen
with the more stringent Boolean definition (OR = 1.6, 95%
CI 0.7-3.7; Figure 2(a)). Regarding EULAR response, 76.9%
of biologic-naive patients in the tocilizumab group presented
a good response, compared to 35.1% of TNFi users (OR =
6.2,95% CI 3.2-12.1; Figure 2(b)). Considering patients previ-
ously exposed to biologic therapy and although the numbers
are considerably smaller (TNFi = 64 and tocilizumab = 43),
the results were similar to those observed in the overall pop-
ulation analysis, with significant differences being seen only
for DAS28 remission (OR = 2.8, 95% CI 1.2-6.6; Figure 2(a)).
Likewise, rates of EULAR response in this subgroup of
patients were lower in comparison to those that were
biologic-naive, namely, 48.8% and 23.4% of EULAR good
response in the tocilizumab and TNFi groups, respectively



BioMed Research International

*SI0JIQIYUT J0}O®J SISOIDAU INOWN] LINL,

ssyutof gz-Junod jurof 19pud) gz (I, ‘SIutof gz-3unod jutof usfjoms :gzD(S xapurt Ljiarnoe aseastp payrdurs :Jyqs Guawssasse [eqo[d uenisyd :yoyd presy reqos jusned :[DHJ @jexanoyiou ;Y [N areuuonsanb
JUAWISSAsSe Y[y OV H ‘91l UOTRIUAWIPAS 9)A00IIAID ST SIUTO[ §7-21005 AJIATIOR 3SBISTP :97SY( TB[NISBAOIPILD (A D) UI}0Id 9ATIORII-D) (YD) XopuT AJIAT)OR 9seasTp [edtutd Ty D "eridoidde se 4sa) arenbs
-1 10 159)-7 sjuapnig Sursn sdnoid qewnzioo) sns1oA LINLT, JO :OmimmEOU» «errdodde se 9533 axenbs-1yd 10 YA QN Sutsn o13o701q 03 Surpiosoe sdnoid jo uostreduwo) ¢ Proqur pa3yS1ySry saouarayp Juedsyrudis
£60°0> Je JuBdYTUSIS oN[eA J “SUIssIw sem ejep a1aym pajedrput st sjuaned jo roquinu [eur “(98ejuasiad) roquuinu se passaidxa are sa[qeLrea [eo11039)ed SUOTIRIAID PIEPUL)S F UBIW st pajuasaid sa[qeries snonunuoy)

€00°0
600°0
¥00°0

0ST°0
900°0
€00°0
100°0>
100°0
967°0
<€0°0
¥00°0
100°0>
820°0
£60°0
€6¥°0
690°0
Lyv0
100°0>
100°0>
L8470
¥95°0
¥59°0
Cs0
1190
°LED
£09°0
°LLO
16£°0

(0'99) €91
(9°29) 161
(T29) L9T

90FST
¥ILF 0
9 ¢l F 18T
CIF¥S
861 F 0'IS
TETF 0SS
LTFTIT
9'ST FTLE
I'S¥89
9L F S01
0€EFEL
(612) ¥€¢
¥ T 6l
(€28) €s¢
(r's8) s9¢
90 F LI0
(€¥2) s
(L€8) TIg
(€T¥) 091
(8°11) ¥
STFIL
6T LIl
(5°¢6) SPe
(¥18) s.¢
CTLFSES

9¢0°0
8900
¥v0°0

8sI'0
95070
££0°0
100°0
2000
8¥9°0
99C°0
€L0°0
100°0>
600
0€s°0
985°0
670
€180
100°0>
100°0>
¥66°0
L0T°0
8¢C°0
¥88°0
¥9¥°0
6£€°0
Yo
6570
895°0

(Ls) s
(6'82) 95
(61L) %L

90F 9T
T'EIF 9°G¢
TELF £ee
TTF19
6Z1F 0°09
€HT F 865
TEFST
12 F 9'S¥
F9F T 01
SLEVT
YTF L9
(T18) ££
TP F TSI
(0°6L) SL
(L¥S) T8
SITFI80
(szo) o1
(I18) €2
(67¥%) OF
(€ a
9V FIL
06 F L0l
(0z6) 08
(€98) 8
601 F 8°€S

(6'5) €¢
(¥¥79) 8¢
(¥'99) 1S

90FGST
LSTF LTE
61 F 867
YIFOS
TOLFHS
9'€T 509
6TF6T
VYT LLE
LSFTL
TSFCT
LTFIL
(¢¢8) S9
8¢ F 96l
(6'58) L9
(T£8) 89
6€0FFI0
(9¢o) €1
(¥726) 19
(6'8¢) 8¢
(rom) £
I%¥279
901 F T'Cl
(£'68) £9
(6°58) £9
6T F 6FS

(T8p) €1
(6715) ¥1
(I's9) 8¢

LOFST
0TI F 92T
ST F 09T
TIFVS
61 F0'IS
70T F S6S
LTFTT
LT F 6'8€
9V F69
89FT6
STF L
(¥18) s¢
TSTFH6I
(£°¢8) 9¢
(£06) 6€
6270 F 6070
(6757) L
(€92) 6T
(8'9¢) 1
(08)¢
9EFSL
S8 FTOI
(¥°96) Lt
(¥'88) 8¢
PILF T'SS

(£'89) 8L
(0°59) €6
(¥'65) 0TI

90F ¥
8 €L F 9°0€
8CI F0°8¢C
CIF¥S
00T FST1S
6TTF¥'9S
TEF0T
TLTF 6'9¢€
LY FS9
SLFTOT
6TFEL
(Lsz) st
SH F 68l
(T18) %91
(T¥8) 01
8€°0 T 910
(L€2) L
(z08) ¥l
(s'6€) 89
(0°€1) €T
LY F¥L
06 FITI
(¥7'56) 991
(Tes) Tl
CEIFIES

(T¥9) 6¢
(509) 9%
(T19) 89

LOFIT
PSIF 667
8FIF LLT
FIFGSS
10T F €L¥
ST F LSS
9TFTT
67T FT9E
SSFOL
TSTFIT
CETVL
(¥7'92) 18
¥ F 961
(T'18) 98
(0¢8) 88
19°0 F %20
(¥'s2) 81
(0£8) 08
(1z8) 0s
(o 11
LY FTL
001 F €71
(¥'26) <8
(s26) 86
0Tl F ¢S

(19¢ = 1 ‘97<) IVAS
(92 =u7T<) IVAD
(I's<) gzsva
Ayanoe aseastp Y31
(S17 =u) OVH
(19¢ = u) IVAsS
(96 =u) TvAO
8TSVA
(9£€ = u ‘wwr) yHYJ
(96¥% = u ‘wwr) HHd
(16% = u “Ip/3wr) 44D
(2es = u ‘q/uw) ¥sq
820IS
8¢OIL
(Kep/3ur) 9s0p sp1012)5001}10D)
SPIOI9}S0D1}I0))
(oom/Bur) 350p X LIN
XIN
aareu-o13oporg
$2130[01q SNOTAdI]
(08¢ = u) da1s01g
(£9% = u) aanisodorag
(L9% = u) Aprgrowod AD
(0S¥ = u) s1OWS JUaIINY)
(L8c=u fdo@ uoneonpy
(68% = U ‘s1ea£) UOTIRIND ISBISI(]
(9S¥ = u) uerseone))
Srewd]
(s1eak) a8y

PNeAd (677 =4) LINL ©N[eAd (66 =) QUNZIOL, (8 = 4) QPuIXIgu] (¢ = ¥) qeumnwijon  (g0g = ) 3deomdueyg (901 = ¥) qewnwi[epy

‘syuarjed SILIYIIR PIOJRWUNSYI PIPN[OUI JO SOTISLIA)ORIRYD dUI[aseyq ;] A1V,



BioMed Research International

"ayerdoxdde se 4s9) axenbs-1yd 10 3593-7 sjuepnig Sursn sdnoid qewnzio0) snsIaA LIN, Jo uostredurod

«jerrdodde se 9533 arenbs-1yo 10 yAQNV Sursn o130j01q 03 urprosoe sdnoid jo uostreduro) s PIoq

ur payySIYSTY $90UISPTP JURdYIUSIS 1G> J& JULdYIUSIS aN[eA J “eIep SUISSIW Sem 319} 2I9YyM pajedtput st sjuaned jo Taquinu [eury *(98ejusdrad) requunu se passardxa aTe sa[qerIeA [ed11039]ed ‘UOTRIAID PIBpUE)s
F ueaw se pajuasard sajqerrea snonunuoy) Kdetoy) o13ojo1q oy Jurpiodse ‘syuaned snriylre projerunayl ut AdeIsy) Jo SYIUOW 9 Je SINIBW PUL $3102s 3)1s0dwod £)1ATIIR 258ISIP UT 95URYD SATIR[2I PUE SIN[BA N[0S

910°0 90F 0 €50°0 90F90 SOFE0 S0FE€0 90F¥0 LOFSO OVHV
S0 LOFTI 102°0 LOFOT LOFET LOFTT LOFOT LOTFTT (¢ze =u) OVH
100°0> TTTFSST 1000°0 9°ST F 8'6€ 9TC F¥LT T'61 F T'6C TETFLIT ¥ICF 50T VOUdV
170°0 08I FI'ST 091°0 ¥'61 F 0°0C ¥07 F €8¢ LVLF LT 611 F 0T €LIF8ST (Lzg = u ‘ww) yOuq
€10 LLTFS0T S75°0 0°0€ FS'ST 68T FSTC 661 F €8I ¥9TF ST 9TE F L8l HO5dV
S8€°0 VYT F VLE S6T°0 0%C F 0°S¢E 6'¥C F 6'8€ 0CCF LT 8CTF 6FE 8'ST F 86 (18% = u ‘wwr) HHd
6000°0 SEF60 900°0 TEFET LTF0T SLFTO TEFTT 0€EFLO IOV
S%0°0 6TFIT £20°0 CIFS0 L1F 0T €LF6T YITFIS0 LTFV (S9% = u “Tp/3w) YD
100°0> TWCFITU 100°0> I'STFTSE 0€TF 0TI 617 F S°SI STTFSCI TICFTO0I asav
100°0> 6'61 F 99T 100°0> SPLF €01 01 ¥ 6'ST ISIF1TC V6LF L€ 91T FTIT (916 = u ‘y/urur) Jsg
100°0> SV F LY 100°0> 99 F 8~ 67 F0S YYFOT 6V F LY ST FOF 87DISV
1o 6TF0T 6L1°0 6€F97 TEFTT 6TFET 9TF LI 0EFET 820IS
900°0 TLFV9 0010 LLF LS SLF99 €9F¢69 SLFS9 69F¢€9 8TO[LV
805°0 SSFOF 601°0 (8%) 9¢ 6'STOV TEFLT VST LE S F 8T 820IL
€000°0 LYLFIL £00°0 CIIFTST 671 F TSI 9T F 76l 9L F 971 CEIFTII Ivasv
€70 601 F T'Cl 8LL°0 STFOI LOTF 0¥l 0°€I F '€l SOLFFTI TTLF L€T (667 =4) IVAS
100°0 9 €I F 091 £10°0 LSTFLTT CHLF 0Ll S8 F 091 SFIF 191 STIFTSI IVvaov
¥ST°0 96 F 0Tl 0690 €0l F S0l TOLF LT1 S'9F 901 001 F LTI €6 TV (Lzg =) IVAD
100°0> PIFST 100°0> 9TFEE PIFST PIF6T PIF6T PIFOT 8TSVAV
100°0> YIF9€ 100°0> 9TIF8T FITFSE TIFSE FIFSE FIFSE 87SvA
PUPAd (6P =U)LINL @A (S6=4) qemnzol ﬁmmﬂmmw %Www%o ) Hmwwwaﬁ (901 = 4) qewnwiEpy

"aurpaseq woiy aJuepd aAnoadsar pue dn-mof[oy Yauow-9 e £AJIANOe 2seIsI(J ig ATAV],



6 BioMed Research International

801 P < 0.001
70 | P < 0.001
"o
60 1 il
50 A
_ P =10.386
40 - P =0420 0050 P=0.170
P :ri‘l53 — P =0.673
30 1 l\ r
o
201 5 e 5
10 S B} =
o
0 28 8 [44]11
DAS28 < 2.6 CDAI < 2.8 SDAI < 3.3 Boolean remission
(N = 524) (N =327) (N = 299) (N = 468)
O ADA @ INF
O ETA O TNFi
O GOLI O TCZ
(a)
P < 0.001 P < 0.001
100, — — — =  —
90 245 256
30 10.1 33
70 ] . 64.2
60 —
< 50 519 526
~ 40 406 46.6 n
30
201 M || - || 253
18 236 193 218 201 5]
ADA ETA GOLI INF TNFi TCZ

o No response

o Moderate response

o Good response

FIGURE 1: Frequencies of remission (a) and EULAR response (b) at 6 months according to biologic treatment. Tocilizumab- (TCZ-) treated
patients had higher rates of DAS28 remission and EULAR response. Similar proportions of TCZ and TNFi users were in remission according
to CDAI, SDAI, and Boolean remission criteria. P value significant at <0.05. ADA: adalimumab; ETA: etanercept; GOLI: golimumab; INF:

infliximab.

(OR = 3.1, 95% CI 1.4-7.1). Considering the achievement of
at least a moderate EULAR response, differences between
groups were less striking, being significant only in the
biologic-naive subgroup (OR = 5.3, 95% CI 1.3-224, P =
0.011) and not in patients previously exposed to biologics
(OR =2.3,95% CI 0.9-5.7, P = 0.075).

3.3. Low Disease Activity at 6 Months. The proportions of
patients achieving, at 6 months, at least a LDA state according
to each of the indexes are represented in Figure 3 ((a) overall
population analysis; (b) stratifying on previous biologic
status). Notably, more than half of the patients reached LDA
according to CDAI (<10) or SDAI (<11) regardless of type of
treatment. As seen for remission, in the overall population
analysis there were significant differences between groups
favoring tocilizumab only for the DAS28 definition of LDA
(OR = 2.6, 95% CI 1.6-4.1; Figure 3(a)). Interestingly, there

was a better concordance between indexes than for remission,
particularly in the tocilizumab group, with 64% of patients in
LDA/remission according to every definition. Biologic-naive
patients also had higher odds of achieving at least a LDA
state when treated with tocilizumab, compared to those in the
TNFi group: defined by DAS28 (OR = 4.6, 95% CI 2.4-9.0),
CDALI (OR = 2.8, 95% CI 1.3-6.1), or SDAI (OR = 2.5, 95%
CI 1.1-5.7; Figure 3(b)). As for patients previously exposed
to biologics, there were no statistically significant differences
between both drug classes in terms of achieving at least LDA
according to any of the criteria (Figure 3(b)).

3.4. Multivariate Analyses. Table 3 presents the results of
logistic regression and propensity scores-based analyses to
determine the effect size of tocilizumab versus TNFi in
predicting each of the discussed outcomes. Multivariate logis-
tic regression, adjusting for age, disease duration, baseline
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FIGURE 2: Remission (a) and EULAR response rate (b) at 6 months s

(b)

tratified by previous biologic therapy. (a) Biologic-naive patients treated

with TCZ had significantly higher rates of DAS28, CDAI, and SDAI remission, with nonsignificant differences in the more stringent Boolean
remission. TCZ-treated patients previously exposed to at least 1 biologic had greater frequencies of DAS28 remission than those treated with
TNFi, with similar rates of CDAI, SDAI, and Boolean remission. (b) EULAR response rates were significantly higher in the TCZ group for

both previous biologic statuses, although the differences were greate

disease activity (DAS, CDAI, or SDAI, as appropriate), and
number of previous biologics, revealed that tocilizumab-
treated patients had higher odds of achieving remission and
LDA according to DAS28, CDAI, and SDAI. There were
no significant effects of biologic class on reaching Boolean
remission. Good and good/moderate EULAR responses were
also more likely to occur in tocilizumab-treated patients
using this approach. The inclusion of the propensity scores
predicting biologic class into the logistic regression model
decreased the effect size of treatment group on the outcomes,
although not changing the inference made for DAS28, CDAI
or SDAI remission/LDA, Boolean remission, or EULAR good

r in biologic-naive patients. P value significant at <0.05.

response. However, the odds of achieving a good/moderate
EULAR response were no longer different between biologic
therapy classes. Propensity score matching alone or in com-
bination with multivariate logistic regression confirmed this
finding and further revealed no significant effect of biologic
class on reaching LDA according to SDAI. Achieving CDAI
remission or LDA was not different between groups in the
propensity score-matched analysis, although the regression
analysis performed in the matched population did reveal
significant differences for reaching remission/LDA, favoring
TCZ. All other outcomes remained unchanged using this
approach.
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FIGURE 3: Low disease activity at 6 months according to treatment (a) and previous biologic therapy (b). (a) Significantly more patients
treated with TCZ reached a state of at least DAS28 low disease activity (LDA), with no significant differences for CDAI and SDAI cutofs. (b)
Biologic-naive patients in the TCZ group had significantly higher proportions of DAS28, CDAI, and SDAI LDA compared to TNFi users. On
the contrary, in patients previously exposed to at least 1 biologic the frequencies of LDA according to all indexes were similar between drug
class groups. P value significant at <0.05.

4. Discussion register, Reuma.pt. We found that patients treated with

tocilizumab were more likely to achieve DAS28, CDAI, and
In this study we compared the effectiveness of two classes of ~ SDAI remission/LDA, as well as good EULAR response at
biologic therapies in RA patients registered in our national 6 months, when adjusting for confounding factors. On the
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TABLE 3: Logistic regression and propensity score-based analyses to predict treatment response with tocilizumab versus TNFi.
Remission Low disease activity
N Odds ratio 95% CI P value Odds ratio 95% CI P value
DAS28 < 2.6 DAS28 < 3.2

Multivariate LR 489 13.3 6.9-25.4 <0.001 7.3 3.9-13.6 <0.001
Univariate LR + PS 489 8.3 4.4-15.4 <0.001 5.5 2.9-10.5 <0.001
Multivariate LR + PS 489 11.0 5.6-21.6 <0.001 6.2 3.2-12.0 <0.001
PS matching 259 7.9 4.3-14.6 <0.001 5.0 2.7-9.2 <0.001
Elsuﬁliifr}:;?eg& 259 12.3 6.0-25.4 <0.001 75 37-151 <0.001

CDAI<2.8 CDAI<10
Multivariate LR 308 2.9 1.3-6.6 0.009 3.0 1.5-6.1 0.002
Univariate LR + PS 308 2.5 1.1-5.6 0.022 2.3 1.1-4.6 0.019
Multivariate LR + PS 308 2.8 1.2-6.5 0.016 2.6 1.3-5.5 0.010
PS matching 179 2.1 0.92-5.0 0.078 2.0 1.00-4.1 0.048
Eiﬁiﬁ;?f& 179 33 1.3-8.4 0.015 2.6 1.2-5.6 0.017

SDAI<33 SDAI<11
Multivariate LR 282 4.1 1.7-9.5 0.001 2.9 1.4-6.3 0.005
Univariate LR + PS 282 3.1 1.3-7.0 0.008 2.2 1.04-4.8 0.038
Multivariate LR + PS 282 3.6 1.5-8.7 0.005 2.5 1.1-5.5 0.024
PS matching 158 2.6 11-6.4 0.029 L6 0.8-3.5 0.209
fuﬁf’ﬁ;ﬁf;}{ 158 40 1.5-10.8 0.007 22 0.95-5.0 0.065

Boolean
Multivariate LR 442 2.1 0.91-4.8 0.083
Univariate LR + PS 442 1.8 0.76-4.0 0.184
Multivariate LR + PS 442 1.9 0.77-4.8 0.159
PS matching 216 1.2 0.54-2.9 0.629
Ef‘uﬁizcr}::t‘eg& 216 14 0.54-3.9 0.463
Good EULAR Good/moderate EULAR

Multivariate LR 489 6.8 3.8-12.3 <0.001 2.5 1.1-5.9 0.035
Univariate LR + PS 489 6.3 3.4-11.8 <0.001 1.8 0.8-4.1 0.143
Multivariate LR + PS 489 6.4 3.4-12.0 <0.001 1.8 0.8-4.5 0.182
PS matching 259 6.2 3.3-11.6 <0.001 2.2 0.93-5.2 0.074
PS matching + 259 78 4.0-15.4 <0.001 2.4 0.98-6.1 0.056

multivariate LR

The odds ratio and 95% confidence interval (95% CI) for the effect of tocilizumab versus TNF inhibitors (TNFi) in the considered outcomes are represented
according to the statistical methodology used. Multivariate logistic regression (LR) adjusted for other significant confounders as described in Section 2, namely,
age, disease duration, number of previous biologics, and baseline disease activity (DAS28 for DAS28/Boolean remission, DAS28 low disease activity (LDA),
and EULAR response; CDAI for CDAI remission/LDA; SDAI for SDAI remission/LDA). Propensity scores (PS) predicting biologic class were calculated and
incorporated in the analysis, via LR and/or matching (caliper 1: 5 with replacement). P value significant at <0.05; significant differences highlighted in bold.

other hand, the modelled probability of Boolean remission
did not differ between groups and neither did the likelihood
of achieving a good/moderate EULAR response when taking
into account the propensity score for receiving tocilizumab.
Similar results were obtained by Yoshida et al., with
fewer patients per group, in the single centre CABUKI
register, where DAS28-ESR remission was more frequent in
tocilizumab-treated patients (47.8% versus 25%, P = 0.006),
Boolean remission was similar, and previous biologic therapy

had a significant impact on DAS28 remission frequencies
[23]. In another study and unlike us, Takahashi et al. found
no significant differences in proportions of EULAR good
response, DAS28-CRP remission, and LDA between patients
treated with tocilizumab or adalimumab, while confirming
higher frequencies of EULAR good/moderate response in the
tocilizumab group [26]. No adjusted results were reported for
these comparisons, an aspect that might help explain these
discrepancies [26].



10

We have found an impressive frequency of 57.9% DAS28
remission at 6 months. These rates are higher than those
observed in published RCTs (27% OPTION [27], 30.1%
RADIATE (28], 39.9% ADACTA [15], and 40.4% ACT-RAY
[13]) but similar to other observational register-based studies
(39-58% DANBIO [20], 53.3% Michinoku Tocilizumab Study
Group [29], 47.8% CABUKI [23], and 54.9% FRAB [21]). The
EULAR response rates, based on DAS28, were also similar
to those found in RCTs [13, 15, 27] and observational studies
[20, 26] that reported them. While it is understandable that
the remission rates seen in register-based studies are higher
than those observed in RCTs, due to factors such as selection
and attrition bias associated with observational studies in a
real life setting, it is intriguing that such discrepancies are also
seen among different registers. Although the magnitude of
the difference in the proportion of patients achieving remis-
sion at 6 months is not very large (39% minimum in DANBIO
[20], 57.9% maximum in Reuma.pt), several aspects can
explain these findings. In observational studies, treatment is
selected based on objective criteria and also on subjective
physician attitudes and expectations, which greatly vary
according to country or region. Western European practices
certainly differ from Asian ones and even between Portugal
(Reuma.pt) and Denmark (DANBIO) factors associated with
treatment selection are quite different. Furthermore, visual
analogue scale scores are highly subjective, influenced by
local cultural factors, and can have a profound impact on
the assessment of disease activity. Other potential expla-
nations for these results include genetic factors accounting
for variable responses between populations with distinct
backgrounds and different frequencies of concomitant treat-
ment with MTX, other DMARDs, and corticosteroids, which
might be crucial for suppressing minimal disease activity and
attaining remission.

The results of our study confirm that the inclusion
of inflammatory markers in the assessment of response
to therapy is of extreme importance when analyzing the
effectiveness of drugs such as tocilizumab that, through a
profound inhibition of IL-6-driven inflammation, markedly
suppress ESR and CRP, even within the normal range limits,
and might overestimate remission rates, as shown by Smolen
and Aletaha [24]. These authors suggest the use of CDAI and
SDAI remission/LDA might be more appropriate to compare
treatment responses and, in fact, we have found no differences
between biologic classes in the overall population analysis
[24]. However, in biologic-naive patients CDAI and SDAI
remission were more frequent in the tocilizumab group, with
OR of 2.6 (P = 0.015) and 3.0 (P = 0.007), respectively.
Similar observations were made after multivariate analyses
adjusting for several confounders. It should be noted, though,
that the CDAI/SDAI-based analyses forced the exclusion
of a significant number of patients due to missing values,
and this might somewhat weaken the conclusions. However,
sensitivity analysis revealed that simply excluding patients
with missing values and performing a univariate analysis for
the effect of biologic class on response rates did not yield the
same results as the multivariate approaches (data not shown).
This suggests that our results are not merely explained by the
exclusion of patients in regression models.

BioMed Research International

We have also found that previous biologic therapy had an
important effect on response to treatment. In fact, analysis
of the biologic-naive subgroup of patients revealed higher
remission rates, especially for tocilizumab, not only according
to DAS28, a finding already reported by others [21, 23],
but also with CDAI and SDAI, which differed significantly
between biologic class. While it seems reasonable that
tocilizumab response is better in biologic-naive patients
compared to those having failed a biologic previously, the
differences at 6 months between biologic class in terms
of CDAI/SDAI remission/LDA might be at least partly
explained by the fact that at baseline these subpopulations
were more similar between groups, which was mainly due
to less active disease in tocilizumab users and slightly more
active disease in the TNFi group (data not shown; the only
significant differences were SJC28 and DAS28, still both
higher with tocilizumab). On the other hand, for TNFi users,
response rates did not differ greatly between the biologic-
naive patients and both the overall population and those
previously exposed to at least one biologic. This was also
seen in the study by Yoshida et al. [23] and, in our opinion,
might be related to two findings: first, most of the TNFi group
(85.1%) was naive to biologic therapy and, thus, the overall
group mostly represented the characteristics of the biologic-
naive subpopulation; secondly, biologic-naive TNFi users had
higher baseline DAS28 (5.5 versus 5.1, P = 0.041) and SJC28
(7.1 versus 4.8, P < 0.001) compared to those that were
previously exposed to biologic therapy, thus counteracting
the potentially beneficial effect of being a first line user.

Our study has several limitations. Given its observational
nature it is prone to different types of confounding, for which
we have tried to account for by using propensity scores
and multivariate logistic regression. However, residual and
unmeasured confounding cannot be avoided and this may
limit some of the conclusions. Furthermore, extrapolation of
these results to drug efficacy is not possible. More specifically,
the fact that there were several baseline differences between
biologic class groups suggests that treatment was chosen, at
least partially, based on the characteristics of the patients,
as would be expected in a clinical practice setting. We used
propensity scores to try to adjust for this, although we
could not include every baseline variable of interest into
the score due to missing data. However, given that RCTs
addressing comparative effectiveness of biologics are unlikely
to be conducted, observational studies are one of the ways to
address this issue.

Other potential limitations should be also taken into
account. In this study we provide data at 6 months, which
might not be extendable to more prolonged follow-up times.
We have also not analysed discontinuation rates or reasons,
mainly due to missing values and short follow-up time,
and this might limit the translation of conclusions into
clinical practice. On the other hand, the fact that we have
only included patients with available DAS28 at 0 and 6
months may also imply some degree of bias. Still, considering
that Reuma.pt is a clinical practice register, data will be
missing due to random reasons such as different likelihood
of different clinicians to fill in all fields, rather than due
to more or less severe disease activity. Another point to be
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focused is that we only included data on baseline concomitant
MTX/corticosteroid treatment and did not assess whether
these treatments were discontinued during follow-up. Never-
theless, given the relatively short follow-up and considering
the longstanding nature of the disease in most cases, it is
reasonable to assume that the combination therapy status did
not alter significantly for the majority of the population.

5. Conclusions

In conclusion, using data from Reuma.pt, we found that
treatment with tocilizumab was associated with higher rates
of DAS28 remission/LDA and EULAR good response at
6 months. Similar observations were made also for CDAI
and SDAI remission in biologic-naive patients. Adjusting
for other potential confounders confirmed higher response
rates with tocilizumab according to DAS28, CDAI, and SDAI
criteria. Boolean remission was similar between groups,
suggesting that the use of more stringent remission criteria
blurs the differences between drug classes. Similar, larger
and longer observational studies from other registers are
needed to confirm these results and give further insight into
therapeutic decisions in the managements of RA patients.
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