
1286  Østergaard M, et al. Ann Rheum Dis 2023;82:1286–1295. doi:10.1136/ard-2023-224116

Rheumatoid arthritis

CLINICAL SCIENCE

Certolizumab pegol, abatacept, tocilizumab or active 
conventional treatment in early rheumatoid arthritis: 48- 
week clinical and radiographic results of the investigator- 
initiated randomised controlled NORD- STAR trial
Mikkel Østergaard    ,1,2 Ronald F van Vollenhoven    ,3 Anna Rudin,4,5 
Merete Lund Hetland    ,1,2 Marte Schrumpf Heiberg,6 Dan C Nordström,7 
Michael T Nurmohamed    ,8 Bjorn Gudbjornsson,9,10 Lykke Midtbøll Ørnbjerg    ,1 
Pernille Bøyesen,11 Kristina Lend,12,13 Kim Hørslev- Petersen,14,15 Till Uhlig    ,6 
Tuulikki Sokka    ,16 Gerdur Grondal,9 Simon Krabbe,17 Joakim Lindqvist,13,18 
Inger Gjertsson    ,5,19 Daniel Glinatsi,20,21 Meliha Crnkic Kapetanovic,22 
Anna- Birgitte Aga    ,23 Francesca Faustini,13 Pinja Parmanne,7 Tove Lorenzen,24 
Cagnotto Giovanni,22,25 Johan Back,26 Oliver Hendricks,14,15 Daisy Vedder    ,27 
Tuomas Rannio,16 Emma Grenholm,28 Maud Kristine Ljoså,29 Eli Brodin,30 
Hanne Lindegaard,31 Annika Söderbergh,32 Milad Rizk,33 Alf Kastbom,34,35 
Per Larsson,36 Line Uhrenholt    ,37 Søren Andreas Just    ,38,39 David J Stevens,40 
Trine Bay Laurbjerg,41 Gunnstein Bakland,42,43 Inge Christoffer Olsen,44 
Espen A Haavardsholm,6 Jon Lampa,13,18 on behalf of the NORD- STAR study group

To cite: Østergaard M, van 
Vollenhoven RF, Rudin A, 
et al. Ann Rheum Dis 
2023;82:1286–1295.

Handling editor Josef S 
Smolen

 ► Additional supplemental 
material is published online 
only. To view, please visit 
the journal online (http:// dx. 
doi. org/ 10. 1136/ ard- 2023- 
224116).

For numbered affiliations see 
end of article.

Correspondence to
Professor Mikkel Østergaard, 
Copenhagen Center for Arthritis 
Research, Center for 
Rheumatology and Spine 
Diseases, Rigshospitalet, 
Glostrup, Copenhagen DK- 
2600, Denmark;  
 mo@ dadlnet. dk

EAH and JL contributed equally.

Received 5 March 2023
Accepted 7 June 2023
Published Online First 
9 July 2023

© Author(s) (or their 
employer(s)) 2023. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Background The optimal first- line treatment in early 
rheumatoid arthritis (RA) is debated. We compared 
clinical and radiographic outcomes of active conventional 
therapy with each of three biological treatments with 
different modes of action.
Methods Investigator- initiated, randomised, blinded- 
assessor study. Patients with treatment- naïve early RA 
with moderate–severe disease activity were randomised 
1:1:1:1 to methotrexate combined with (1) active 
conventional therapy: oral prednisolone (tapered 
quickly, discontinued at week 36) or sulfasalazine, 
hydroxychloroquine and intra- articular glucocorticoid 
injections in swollen joints; (2) certolizumab pegol; 
(3) abatacept or (4) tocilizumab. Coprimary endpoints 
were week 48 Clinical Disease Activity Index (CDAI) 
remission (CDAI ≤2.8) and change in radiographic van 
der Heijde- modified Sharp Score, estimated using logistic 
regression and analysis of covariance, adjusted for sex, 
anticitrullinated protein antibody status and country. 
Bonferroni’s and Dunnet’s procedures adjusted for 
multiple testing (significance level: 0.025).
Results Eight hundred and twelve patients were 
randomised. Adjusted CDAI remission rates at week 48 
were: 59.3% (abatacept), 52.3% (certolizumab), 51.9% 
(tocilizumab) and 39.2% (active conventional therapy). 
Compared with active conventional therapy, CDAI 
remission rates were significantly higher for abatacept 
(adjusted difference +20.1%, p<0.001) and certolizumab 
(+13.1%, p=0.021), but not for tocilizumab (+12.7%, 
p=0.030). Key secondary clinical outcomes were 
consistently better in biological groups. Radiographic 
progression was low, without group differences.

The proportions of patients with serious adverse events 
were abatacept, 8.3%; certolizumab, 12.4%; tocilizumab, 
9.2%; and active conventional therapy, 10.7%.

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Early treatment is associated with improved 
outcome in patients with recently diagnosed 
rheumatoid arthritis (RA), but the optimal first- 
line treatment is debated.

WHAT THIS STUDY ADDS
 ⇒ For the first time, three biologics with different 
modes of action, all in combination with 
methotrexate, were compared head- to- head 
against active conventional antirheumatic 
therapy with bridging glucocorticoids in a 
randomised clinical trial in patients with early 
RA.

 ⇒ Compared with active conventional therapy, 
clinical remission rates were superior for 
abatacept and certolizumab pegol, but not for 
tocilizumab.

 ⇒ Radiographic progression was low and similar 
between treatments.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The findings should be considered in the future 
management of patients with newly diagnosed 
RA.
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Conclusions Compared with active conventional therapy, clinical 
remission rates were superior for abatacept and certolizumab pegol, 
but not for tocilizumab. Radiographic progression was low and similar 
between treatments.
Trial registration number NCT01491815.

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic inflammatory joint 
disease which causes pain, fatigue, functional impairment and 
frequently progressive joint destruction.1 Early treatment is asso-
ciated with improved outcome.2 The optimal first- line treatment 
of patients with early RA is debated. Several trials have shown 
superior outcomes in treatment- naïve patients treated with 
biological disease- modifying antirheumatic drugs (bDMARDs) 
in combination with methotrexate (MTX) compared with MTX 
monotherapy.3–5 Yet, both US and European recommenda-
tions advocate conventional synthetic disease- modifying drugs 
(csDMARDs) as the first- line therapy, with MTX as the anchor 
drug.6 7 This approach is supported by evidence suggesting that 
short- term addition of glucocorticoids to MTX (and/or other 
csDMARDs) yields results comparable with those achieved by 
bDMARDs.8 9 Despite various modes of action, bDMARDs are 
perceived as having overall similar efficacy.6 7 However, this is 
mainly based on indirect comparisons since head- to- head trials 
in early RA are few.10–12

Therefore, an investigator- initiated six- country collabora-
tion was established to perform a randomised controlled trial, 
the Nordic Rheumatic Diseases Strategy Trials and Registries 
(NORD- STAR) study, to compare the benefits and harms of 
optimised conventional therapy (‘active conventional therapy’), 
that is, MTX combined with either oral glucocorticoids or 
intra- articular glucocorticoids and other csDMARDs) and 
three different biological therapies in combination with MTX 
(tumor- necrosis factor inhibitor (certolizumab pegol), T- cell 
costimulation modulator (abatacept) and interleukin- 6 inhib-
itor (tocilizumab)). Twenty- four week clinical results from this 
study have been published, showing high remission rates in all 
four arms, and active conventional therapy being non- inferior 
to certolizumab pegol and tocilizumab but not to abatacept.13 A 
comparison of the ability to halt structural damage progression, 
which is key to the long- term joint status and disability experi-
enced by the patient,14 15 was not performed at 24 weeks, since 
the primary radiographic endpoint was at 48 weeks. Further-
more, clinical results at 48 weeks are less influenced by initial 
glucocorticoid bridging therapy. Thus, interdrug differences in 
efficacy and safety may have become more manifest at week 48 
and thereby more relevant to clinical practice.

We aimed to perform a head- to- head comparison of the clin-
ical efficacy and radiographic structural damage progression up 
to week 48 of active conventional therapy and each of three 
bDMARDs with different modes of action in combination with 
MTX in patients with treatment- naïve RA.

METHODS
Study design
The design of this investigator- initiated, multicentre, randomised, 
open- label, blinded- assessor trial (https://clinicaltrials.gov/ct2/ 
show/NCT01491815) has been published previously.16 Patients 
were randomised to one of four different treatment arms 
aiming at achieving remission. This report decribes the anal-
yses regarding the initial 48 weeks of the trial, including two 
coprimary (one clinical and one radiographic) outcomes and 

secondary clinical, radiographic and safety outcomes. The trial 
was designed, overseen and analysed by a steering committee of 
academic investigators. The reporting follows the Consolidated 
Standards of Reporting Trials statements.17 18 Patient represen-
tatitives were not involved in the design and conduct of this 
research.

Patients
Patients with early RA according to the American College of 
Rheumatology (ACR) and European Alliance of Associations 
for Rheumatology (EULAR) 2010 classification criteria were 
included (table 1).19 Key inclusion criteria were age ≥18 years; 
symptom duration of <24 months; moderate to severe disease 
activity with Disease Activity Score (28 joints) (DAS28) score 
of >3.2 (Disease Activity Score calculated from 28 swollen and 
tender joint counts, Patient Global Score and C- reactive protein 
(CRP)), ≥2 (of 66) swollen and ≥2 (of 68) tender joints, and 
rheumatoid factor or anticitrullinated protein antibody posi-
tivity (ACPA) or CRP of ≥10 mg/L. The key exclusion criterion 
was previous treatment with disease- modifying antirheumatic 
drug (DMARD) (see online supplemental appendix for details).

Randomisation and procedures
Randomisation was done 1:1:1:1, stratified by country, gender 
and ACPA status (see online supplemental appendix for details).

All patients started MTX on day 1 (escalated to 25 mg/week 
within 4 weeks) with folic acid supplementation (minimum 5 mg/
week) combined with: Arm 1 (Active conventional therapy): 
either oral prednisolone (tapered from 20 mg/day to 5 mg/
day in 9 weeks and discontinuation after 9 months (arm 1A) 
or enterotablets sulphasalazine (2 g/day), hydroxychloroquine 
(35 mg/kg/week or 200 mg/day) and intra- articular triamcino-
lone hexacetonide injection (or equivalent) in all swollen joints 
at each visit (maximally 4 joints and 80 mg/visit) (arm 1B); arm 
2 (certolizumab pegol): 200 mg EOW SC (400 mg at 0, 2 and 
4 weeks); arm 3 (abatacept): 125 mg/week subcutaneously; arm 
4 (tocilizumab): 8 mg/kg/4 weeks intravenously or 162 mg/week 
subcutaneously. In arms 2–4, intra- articular glucocorticoid injec-
tions were allowed on demand up to week 12; thereafter, up to 
40 mg were allowed every 12 weeks. In all arms, intraarticular 
glucocorticoids were prohibited in weeks 20–24 and 44–48 to 
minimise its influence on week 24/48 outcomes. Subjects were, 
as per investigator judgement, allowed to de- escalate MTX due 
to toxicity/intolerability, and to subsequently re- escalate up to 
20 mg/week. In case of intolerability to oral MTX, subcutaneous 
MTX could be used. Non- steroidal anti- inflammatory drugs 
were allowed throughout the study.

The treatment strategy in arm one was predefined based on 
national recommendations for conventional RA therapy in the 
individual countries: arm 1A: Sweden, Norway, Iceland and 
Netherlands, and arm 1B: Denmark and Finland. Clinical exam-
ination included joint assessments for swelling and tenderness 
by independent blinded assessors. Patient reported outcomes 
included visual analogue scales for pain and global assessment 
and physical function (Health Assessment Questionnaire). These 
and blood samples (including CRP) were acquired at weeks 
0, 4, 8, 12, 16, 24, 32, 40 and 48 (table 1).16 Clinical Disease 
Activity Index (CDAI) was calculated as the sum of swollen joint 
count (0–28), tender joint count (0–28), Patient’s Global Score 
of Disease Activity (0–10) and Investigator’s Global Score of 
Disease Activity (0–10).20

Conventional radiographs of hands and feet were obtained at 
screening, week 24 and 48, and analysed for bone erosion and 
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joint space narrowing (JSN) using the van der Heijde- modified 
Sharp Score (vdHSS), with known chronology, by two experi-
enced, independent readers, blinded to all clinical data.21 A total 
vdHSS (range 0–448) was calculated by adding erosion (0–280) 
and JSN (0–168) scores. The average of readers’ scores was 
used. In case of reader discrepancies in mean change in the total 
vdHSS from baseline to week 48 (∆total- vdHSSw0–w48) of ≥2, 
a final score was reached by reader consensus.

Outcomes
The two coprimary outcomes were clinical remission at week 48 
(primary clinical outcome, defined as remission (CDAI ≤2.8); 
dichotomous outcome)20 and the change in radiographic score 
from baseline to week 48 (∆total- vdHSSw0–w48; primary radio-
graphic outcome, continuous outcome)21 (online supplemental 
file 2, statistical analysis plan (SAP)). The coprimary outcomes 
were CDAI remission at week 24 and the aforementioned 
∆total- vdHSSw0–w48. The 24- week clinical results, but no 
radiographic results, have been published previously.13 For the 
48 week analysis, the CDAI remission rate at week 48 was added 
as a coprimary outcome, prior to any analyses (online supple-
mental file 2, SAP).

Key secondary clinical outcomes were ACR/EULAR Boolean 
remission, DAS28 remission, Simplified Disease Activity Index 
remission and EULAR good response at week 48.20 22 23 Key 
secondary radiographic outcomes were no radiographic progres-
sion (∆vdHSS from baseline to 48 weeks <1), changes from 
baseline to week 48 in vdHSS erosion scores and vdHSS JSN 
score and changes from baseline to week 24 and from week 24 

to week 48 in total vdHSS. Other secondary clinical and radio-
graphic outcomes are presented in online supplemental file 2 
(SAP) and online supplemental appendix table S1–S7.

Safety outcomes were the numbers and percentages of patients 
with serious and non- serious adverse events for each treatment 
arm. Predefined adverse events of special interest are defined in 
table 2. All safety events were MedDRA V.22.0 coded.

Statistical analysis
Assuming remission rates in active conventional therapy, certoli-
zumab pegol, abatacept and tocilizumab arms of 12%, 22%, 22% 
and 26%, respectively, 724–832 patients had to be randomised 
to reach 85%–90% power for rejecting the null hypothesis of no 
treatment difference3 24–28 (see Hetland et al13 for details).

This part of the trial was designed to establish the superiority 
of at least one of the biological treatments compared with active 
conventional therapy at 48 weeks on (1) achieving CDAI remis-
sion and (2) preventing progression in the radiographic van der 
Heijde- modified Sharp Score. Thus, there were six separate 
null hypotheses to be tested. To adjust for multiplicity, each of 
the two outcome families were tested against an overall signif-
icance level of 0.025. Superiority was claimed if any of the six 
hypotheses were rejected on the 0.025 level using adjusted p 
values according to Dunnet’s method when having a common 
comparator.29

The primary analysis population was the intention- to- treat 
population, defined as all randomised patients except 17 Finnish 
patients, for whom allocated treatment (tocilizumab) was not 
available (see online supplemental file 2) (SAP)). Primary and 

Table 1 Demographics and patient characteristics at baseline (ITT population).

Parameter
Active conventional 
therapy (n=200)

Certolizumab pegol and 
MTX (n=203)

Abatacept and MTX 
(n=204)

Tocilizumab and MTX 
(n=188)*

Demographics

  Age (years) 55 (15) 55 (15) 55 (14) 52 (15)

  Women, n (%) 139 (70) 139 (69) 140 (69) 129 (69)

  Symptom duration (days) 195 (167) 203 (166) 212 (168) 208 (155)

  Time since diagnosis (days) 13 (21) 12 (17) 16 (34) 16 (33)

  Anticitrullinated peptide antibody positive, n (%) 163 (82) 166 (82) 169 (83) 153 (82)

  Rheumatoid factor positive, n (%) 151 (76) 149 (73) 159 (78) 135 (72)

Baseline characteristics, clinical

  Clinical Disease Activity Index 28.7 (12.1) 27.9 (12.4) 28.6 (11.3) 26.6 (11.7)

  Disease Activity Score, 28 Joints, CRP- based 5.1 (1.1) 5 (1.1) 5.1 (1) 4.9 (1)

  Tender joint count, 68 joints 17 (11) 15 (10) 16 (11) 15 (10)

  Swollen joint count, 66 joints 11 (7) 11 (8) 11 (7) 10 (6)

  Patient’s Global Assessment of Disease Activity (mm) 56.7 (23.2) 56.6 (23.7) 60.4 (23.6) 57.4 (22.6)

  Physician’s Global Assessment of Disease Activity (0–100 mm) 48.8 (19.2) 49.3 (19.2) 51.7 (18.7) 49.7 (18.1)

  Patient’s Assessment of Pain (0–100 mm) 56 (24.2) 55.7 (24.7) 59.3 (24.2) 55.3 (23)

  HAQ score (0–3) 1.1 (0.6) 1 (0.6) 1.1 (0.6) 1.1 (0.5)

Baseline characteristics, radiography

  Radiographic score, total (0–448) 6.3 (8.2) 5.9 (7.6) 5.8 (9.8) 4.2 (6.7)

  Radiographic score, total (0–448), median (IQR) 4 (1.0–8.5) 3 (1–8) 3 (1–6) 2 (0.5–5.0)

  Radiographic score, erosion (0–280) 2.96 (4.45) 2.97 (4.58) 2.43 (4.64) 2.03 (4.33)

  Radiographic score, erosion (0–280), median (IQR) 1 (0–4) 1 (0–4) 1 (0–2.5) 0.5 (0–2)

  Radiographic score, JSN (0–168) 3.36 (4.49) 2.96 (3.64) 3.39 (5.85) 2.2 (3.04)

  Radiographic score, JSN (0–168), median (IQR) 2 (0–5) 2 (0–4.25) 2 (0–4) 1 (0–3)

Values are mean (SD), if not otherwise indicated.
Radiographic status: as assessed by van der Heijde- modified Sharp Score.
*Seventeen Finnish patients randomised to arm 4 (Tocilizumab+MTX), but not receiving it due to unavailability, are not included. They were excluded from the ITT population to 
allow a fair analysis of the efficacy of Tocilizumab. Robustness analyses showed comparable results.
CRP, C reactive protein; HAQ, Health Assessment Questionnaire; ITT, intention to treat; JSN, joint space narrowing; MTX, methotrexate; n, number of patients.
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secondary dichotomous outcomes were analysed using a logistic 
regression model, adjusted for stratification factors in the rando-
misation (sex, ACPA status and country). We imputed missing 
remission status with worst case (non- remission).

The primary and other continuous radiographic outcomes 
were analysed using analysis of covariance, adjusted for baseline 
score and the stratification factors in the randomisation. Missing 
data were imputed in a hierarchical way.

Other continuous secondary outcomes were analysed using 
generalised linear mixed gamma (CRP), negative binomial (joint 
counts) or normal models (other), all with random intercept 
adjusted for baseline characteristics and value.

One author (ICO) performed analyses; details are found in 
online supplemental file 2 (SAP).

The funding sources had no role in study design, collection, 
analysis and interpretation of data; in the writing of the report; 
or in the decision to submit for publication.

RESULTS
Nine hundred and three patients were assessed for eligibility at 
29 sites from 3 December 2012 to 11 December 2018, whereof 
812 underwent randomisation and 625 completed week 48 
visit (last patient on 12 November 2019; online supplemental 
figure S1, patient disposition). Patient characteristics were well 
balanced (table 1). The patients (68.8% women, 81.9% ACPA 
positive, mean age 54.3 years) had early disease, with mean time 
since diagnosis of 14 days and mean symptom duration of 204 
days.

The primary clinical outcome, the adjusted CDAI remission 
rates at week 48, were 39.2% for active conventional therapy, 
59.3% for abatacept, 52.3% for certolizumab pegol and 51.9% 

for tocilizumab (table 3 and figure 1A). The null hypotheses 
were formally rejected for active conventional therapy versus 
abatacept (adjusted difference +20.1%, adjusted p<0.001) and 
active conventional therapy versus certolizumab pegol (+13.1%, 
p=0.021), but not for active conventional therapy versus tocili-
zumab (+12.7%, p=0.030), given that the cut- off for statistical 
significance was 0.025. As shown in figure 2A, adjusted CDAI 
remission rates over time in the active conventional therapy arm 
after week 24 gradually separated from the three bDMARD 
arms, with no clear and consistent separation between bDMARD 
arms.

The primary radiographic outcome, the adjusted estimated 
∆total- vdHSSw0–w48, was 0.45 for active conventional therapy, 
0.62 for abatacept, 0.47 for certolizumab pegol and 0.50 for 
tocilizumab, that is, consistently low (figure 1B). No statisti-
cally significant differences in ∆total- vdHSSw0–w48 were found 
between groups (table 3). Figure 2B presents a cumulative prob-
ability plot of the radiographic progression.

Key secondary clinical outcomes were consistently numerically 
better in bDMARD groups compared with active conventional 
therapy for all remission criteria, with the abatacept group being 
numerically the best (table 3). All key secondary radiographic 
outcomes were comparable across treatment groups (table 3).

Results of other secondary clinical and radiographic outcomes 
can be found in table 3 and online supplemental tables S1–S7). 
The course over time of selected outcomes is depicted in online 
supplemental figures S2–S14.

The smallest detectable difference (SDC) in ∆total- vdHSSw0–
w48 was 1.43. The proportion of patients showing progression 
above SDC (∆total- vdHSSw0–w48 >SDC), reflecting progres-
sion above measurement error, in active conventional therapy, 

Table 2 Adverse events in the safety population*

Parameters†
Active conventional 
therapy (n=197)

Certolizumab pegol and 
MTX (n=202)

Abatacept and MTX 
(n=204)

Tocilizumab and MTX 
(n=184)

Summary of adverse events

  Adverse events (784) 174 (88.3%) (736)181 (89.6%) (735) 175 (85.8%) (886) 178 (96.7%)

  Serious adverse events (23) 21 (10.7%) (28) 25 (12.4%) (21) 17 (8.3%) (20) 17 (9.2%)

  Deaths (2) 2 (1.0%)‡

Adverse events of special interest§

  Infections (153) 93 (47.2%) (157) 94 (46.5%) (181) 99 (48.5%) (201) 107 (58.2%)

  Cardiovascular disease (4) 4 (2%) (9) 8 (4%) (16)12 (5.9%) (7) 7 (3.8%)

  Cataract (6) 3 (1.5%) (3) 2 (1%) (1) 1 (0.5%)

  Deep vein thrombosis (1) 1 (0.5%)

  Demyelinating disease (1) 1 (0.5%)

  Diabetes mellitus (3) 2 (1%)

  Herpes zoster (5) 5 (2.5%) (3) 2 (1%) (1) 1 (0.5%) (1) 1 (0.5%)

  Malignancy (3) 3 (1.5%) (5) 5 (2.5%) (3) 3 (1.5%) (6) 6 (3.3%)

  Osteoporosis (3) 3 (1.5%) (3) 3 (1.5%) (1) 1 (0.5%)

  Weight gain (3) 3 (1.5%) (1) 1 (0.5%) (2) 2 (1.1%)

Early terminations due to lack of efficacy/adverse events 22 (11.1%)/2 (1.0%) 7 (3.5%)/16 (7.9%) 7 (3.4%)/5 (2.4%) 1 (0.5%)/20 (10.8%)

Values are (number of events), number of patients (percentage of patients in that arm who experienced at least one event).
*Adverse events are summarised by the safety population and by actual treatment (not as randomised). Thus, the 17 Finnish patients randomised to arm 4 (tocilizumab) but not 
receiving it due to unavailability are not included.
†(Events) number of patients (percentage of patients in that arm). Patients could have more than one category of events.
‡Patient 1: sudden death in a woman in her 70s. A lump in the breast was discovered at the screening visit; later, breast cancer was diagnosed. She terminated early in the trial 
on study approximately on day 40, had mastectomy 5 days later and died suddenly approximately 9 weeks later. The events were assessed as not related to the study drug by the 
investigator. Patient 2: This patient had dyspnoea as an adverse event that started just before the week 24 visit. She was hospitalised on approximately day 200 due to ‘severe 
lung infection, bilateral pulmonary infiltrates, respiratory insufficiency, suspicion of interstitial pneumonitis, admitted to intensive department with large oxygen requirement’, 
and she died approximately 2 weeks thereafter. The event was assessed as probably related to study drug by the investigator.
§There were no events coded as tuberculosis. Osteoporosis events were reported shortly after baseline, for example, based on baseline dual- energy x- ray absorptiometry (DXA) 
scan.
MTX, methotrexate.
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abatacept, certolizumab pegol and tocilizumab groups were 
similar: 14.5%, 16.2%, 12.8% and 13.3%, respectively. Propor-
tions of patients showing rapid radiographic progression (∆total- 
vdHSSw0–w48>5) were 0%, 1%, 0% and 0%, respectively.

Results of prespecified robustness analyses of the primary and 
key secondary efficacy outcomes were consistent with those of 
the primary analyses (online supplemental tables S8–S23). Corti-
costeroid use was mandatory in arm 1. In arm 1A, prednisolone 
was reduced from 20 mg to 5 mg in 9 weeks, was stable (5 mg) 

through week 32, and thereafter reduced and stopped at week 
36.

In the certolizumab pegol, abatacept and tocilizumab arms, the 
cumulative doses of intra- articular triamcinolone hexacetonide 
equivalents from week 0 to week 48 were median 18 (0–49) mg, 
median 20 (IQR 0–60) mg and median 0 (IQR 0–40) mg, respec-
tively, while it was median 70 (IQR 50–103) mg in arm 1B and 
median 0 (IQR 0–18 mg) in arm 1A (arm 1A received oral pred-
nisolone; see previous discussion). The median cumulative dose 

Table 3 Primary and secondary outcomes at week 48 (ITT population)

Active conventional 
therapy (n=200)

Certolizumab pegol and 
MTX (n=203)

ABA and MTX
(n=204)

Tocilizumab and MTX 
(n=188)*

Estimated adjusted outcome (ITT population)†

Coprimary outcomes

  CDAI remission, week 48 39.2% (32.5 to 45.9) 52.3% (45.5 to 59.1) 59.3% (52.6 to 66) 51.9% (44.9 to 59.0)

  Radiographic progression, total weeks 0–48 0.45 (0.31 to 0.59) 0.47 (0.33 to 0.61) 0.62 (0.48 to 0.76) 0.5 (0.36 to 0.64)

Key secondary outcomes

  ACR/EULAR Boolean remission, week 48 31.6% (25.3 to 38.0) 46.3% (39.5 to 53.1) 51.0% (44.2 to 57.8) 44.6% (37.6 to 51.6)

  DAS28 remission, week 48 53.7% (46.9 to 60.6) 66.6% (60.1 to 73.0) 71.1% (65 to 77.3) 68.2% (61.6 to 74.7)

  SDAI remission, week 48 38.1% (31.5 to 44.8) 52.8% (45.9 to 59.6) 57.8% (51.1 to 64.6) 53.5% (46.5 to 60.6)

  EULAR good response, week 48 66.4% (59.9 to 72.9) 74.6% (68.7 to 80.6) 77.7% (72.0 to 83.4) 69.3% (62.8 to 75.9)

  Radiographic progression, total ≤0.5, weeks 0–48 78.0% (72.3 to 83.8) 81.3% (75.9 to 86.7) 74.5% (68.5 to 80.5) 80.3% (74.6 to 86.0)

  Radiographic progression, erosion, weeks 0–48 0.31 (0.21 to 0.4) 0.33 (0.23 to 0.42) 0.41 (0.31 to 0.5) 0.35 (0.25 to 0.45)

  Radiographic progression, JSN, weeks 0–48 0.14 (0.05 to 0.23) 0.14 (0.05 to 0.23) 0.22 (0.13 to 0.31) 0.15 (0.06 to 0.24)

Estimated adjusted treatment difference (ITT population)†‡

Coprimary outcomes

  CDAI remission, week 48 Reference 13.1% (3.5 to 22.6)§ 20.1% (10.6 to 29.5)¶ 12.7% (3 to 22.5)

  ∆vdHSS total, weeks 0–48 Reference 0.02 (−0.17 to 0.22) 0.17 (−0.02 to 0.37) 0.05 (−0.15 to 0.25)

Key secondary outcomes

  ACR/EULAR Boolean remission, week 48 Reference 14.7% (5.4 to 23.9) 19.4% (10.1 to 28.7) 13% (3.5 to 22.4)

  DAS28 remission, week 48 Reference 12.9% (3.5 to 22.2) 17.4% (8.2 to 26.6) 14.4% (5 to 23.9)

  SDAI remission, week 48 Reference 14.6% (5.1 to 24.1) 19.7% (10.2 to 29.1) 15.4% (5.7 to 25.1)

  EULAR good response, week 48 Reference 8.2% (−0.6 to 17.1) 11.3% (2.7 to 20.0) 2.9% (−6.3 to 12.2)

  Radiographic progression, total progression ≤0.5, weeks 0–48 Reference −3.3% (−11.1 to 4.6) 3.5% (−4.7 to 11.8) −2.2% (−10.3 to 5.9)

  Radiographic progression, erosion, weeks 0–48 Reference 0.02 (−0.12 to 0.16) 0.1 (−0.04 to 0.24) 0.04 (−0.1 to 0.19)

  Radiographic progression, JSN, weeks 0–48 Reference 0 (−0.13 to 0.13) 0.08 (−0.05 to 0.21) 0.01 (−0.12 to 0.14)

Secondary clinical outcomes

  CDAI low disease activity, week 48 Reference 6.2% (−2.5 to 14.9) 11.3% (2.9 to 19.7) 3.1% (−5.8 to 12.1)

  DAS28 low disease activity, week 48 Reference 8.7% (−0.1 to 17.5) 13.8% (5.3 to 22.3) 7.6% (−1.4 to 16.5)

  ACR20 response, week 48 Reference 1.3% (−7.5 to 10.0) 8.3% (0 to 16.7) 0.9% (−8 to 9.9)

  ACR50 response, week 48 Reference 9.4% (0.2 to 18.5) 13.4% (4.5 to 22.4) 3.4% (−6.2 to 13.0)

  ACR70 response, week 48 Reference 14.5% (4.9 to 24.1) 13.7% (4.1 to 23.3) 9.1% (−0.8 to 18.9)

  DAS28, week 48 Reference −0.34 (−0.54 to −0.15) −0.33 (−0.52 to −0.14) −0.51 (−0.71 to −0.31)

  CDAI, week 48 Reference −1.41 (−2.78 to −0.03) −1.93 (−3.28 to −0.58) −1.75 (−3.16 to −0.33)

  SDAI, week 48 Reference −1.66 (−3.08 to −0.24) −2.01 (−3.41 to −0.62) −2.03 (−3.49 to −0.57)

  Patient’s Global Assessment of Disease Activity, 0–100 mm, week 48 Reference −4.29 (−8.45 to −0.12) −4.95 (−9.05 to −0.84) −4.2 (−8.48 to 0.08)

  Physician’s Global Assessment of Disease Activity, 0–100 mm, week 48 Reference −3.98 (−6.38 to −1.57) −4.95 (−7.31 to −2.59) −4.76 (−7.23 to −2.29)

  Patient’s Assessment of Pain, 0–100 mm, week 48 Reference −5.41 (−9.41 to −1.41) −6.03 (−9.98 to −2.09) −5.95 (−10.07 to −1.82)

  HAQ score, week 48 Reference −0.03 (−0.11 to 0.04) −0.04 (−0.11 to 0.04) −0.08 (−0.16 to 0)

  Serum C reactive protein, week 48 Reference −1.93 (−2.74 to −1.12) −0.78 (−1.67 to 0.1) −2.96 (−3.72 to −2.21)

  Erythrocyte sedimentation rate, week 48 Reference −2.24 (−4.51 to 0.02) −0.65 (−3.01 to 1.71) −10.47 (−12.32 to −8.62)

Results are based on the ITT population; 17 Finnish patients allocated to tocilizumab and MTX group excluded.
Radiographic progression: as assessed by the vdHSS.
*Since they could not receive tocilizumab because the drug was not available in the Finnish part of the study.
†Clinical variables: For dichotomous variables, values are estimated adjusted marginal difference in proportions against active conventional therapy with 95% confidence limits. Confidence limits 
are calculated from the logistic regression model by the delta method. Missing data are imputed using worst outcome (non- responder imputation). For continuous variables, values are adjusted 
marginal differences at 48 weeks with 95% confidence limits using longitudinal mixed models.
‡Radiographic scores, values are estimated adjusted marginal mean change from baseline or estimated difference against active conventional therapy with 95% confidence limits from the 
ANCOVA model. Missing data are imputed using intrapolation or extrapolation.
§Superiority of bDMARD compared with active conventional therapy was demonstrated; p=0.021
¶Superiority of bDMARD compared with active conventional therapy was demonstrated; p<0.001.
ABA, abatacept; ACR, American College of Rheumatology; ANCOVA, analysis of covariance; bDMARD, biological disease- modifying antirheumatic drug; CDAI, Clinical Disease Activity Index; 
DAS28, Disease Activity Score (28 joints, four variables, C reactive protein); EULAR, European Alliance of Associations for Rheumatology; ITT, intention to treat; JSN, joint space narrowing; MTX, 
methotrexate; n, number of patients; SDAI, Simplified Disease Activity Index; vdHSS, van der Heijde- modified Sharp Score.
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of intra- articular triamcinolone hexacetonide corresponded to a 
daily dose of 0.2 mg prednisolone in arm 1B and less than 0.1 mg 
in arm 1A and in the bDMARD arms (assuming 40 mg triamcin-
olone hexacetonide is equivalent to 50 mg prednisolone).

When split into weeks 1–24 versus weeks 25–48, doses were as 
follows: in arm 1B, the cumulative dose of intra- articular triam-
cinolone hexacetonide from week 1 to week 24 was a median 
of 66 (IQR 40–94) mg, while that for weeks 25–48 was only a 
median of 0 (IQR 0–10 mg). In arm 1A, in which oral predniso-
lone was administered (see previous discussion), the cumulative 
dose of intra- articular triamcinolone hexacetonide from week 
1 to week 24 was a median of 0 (IQR 0–6) mg, while that for 
weeks 25–48 was a median of 0 (IQR 0–0 mg).

In the certolizumab- pegol, abatacept and tocilizumab arms, the 
cumulative doses of intra- articular triamcinolone hexacetonide 
from week 0 to week 24 were median 12 (IQR 0.0–40) mg, 
median 20 (IQR 0.0–52) mg and median 0.0 (IQR 0.0–40) mg, 
while that for weeks 25–48 was median 0 (IQR 0–0) mg for all 
three arms, respectively.

The percentages of patients who reported at least one adverse 
event in the groups receiving active conventional therapy, 
certolizumab pegol, abatacept and tocilizumab were 88.3%, 
89.6%, 85.8% and 96.7%, respectively (table 2), while at least 
one serious adverse event was reported in 10.7%, 12.4%, 8.3% 
and 9.2%, respectively. The number of early terminations was 
lowest for patients treated with abatacept (n=20), compared 

with 38, 35 and 35 in the active conventional therapy, certoli-
zumab pegol and tocilizumab arms, respectively (online supple-
mental figure S1). The numbers of patients who terminated due 
to lack of efficacy or adverse events were, respectively, 22 vs 2 
for active conventional therapy, 7 vs 16 for certolizumab pegol, 
7 vs 5 for abatacept and 1 vs 20 for tocilizumab; that is, patients 
on active active conventional therapy terminated almost exclu-
sively due to lack of efficacy, while patients receiving tocilizumab 
almost exclusively terminated due to adverse events.

Of the prespecified adverse events of interest, infections 
were most frequent, being reported in 47.2%, 46.5%, 48.5% 
and 58.2% of patients treated with active conventional therapy, 
certolizumab pegol, abatacept and tocilizumab, respectively. 
Harms associated with glucocorticoid use (cataract, diabetes 
mellitus, osteoporosis and weight gain) were rare (each 0%–1.5% 
in all arms), and cardiovascular disease was reported in 2.0%, 
4.0%, 5.9%, 3.8% of patients, respectively (see online supple-
mental tables S24–S29 for details).

DISCUSSION
The NORD- STAR study is the first randomised trial to demon-
strate that a biological therapy (or as the case is here, two 
different biological therapies) given as first- line therapy is clini-
cally superior to conventional therapy even if the latter is opti-
mised by the inclusion of bridging glucocorticoids.

This randomised head- to- head four- arm clinical trial of 
patients with treatment- naïve early RA showed clinical CDAI 

Figure 1 Plots of the co- primary outcomes: (A) clinical remission at 
week 48 (adjusted Clinical Disease Activity Index remission rates at 
week 48) and (B) radiographic progression from baseline to week 48 
(adjusted change in van der Heijde- modified total Sharp Score from 
baseline to week 48) for the four different treatment arms. Ninety- five 
per cent CIs are shown.

Figure 2 (A) Clinical Disease Activity Index remission rates over time 
(average marginal adjusted probablities). (B) Cumulative probability plot 
of the radiographic progression from baseline to week 48, as assessed 
by the Total van der Heijde- modified Sharp Score.
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remission at week 48 in approximately 40% of patients treated 
with active conventional therapy (MTX- based with glucocorti-
coid bridging therapy), whereas CDAI remission rates for the 
biological therapies were 50%–60%. For the selective costimula-
tion modulator abatacept and the tumour necrosis factor (TNF) 
inhibitor certolizumab pegol, the remission rates were statisti-
cally significantly superior to active conventional therapy, with 
adjusted differences of +20.1% and +13.1%, respectively. In 
contrast, no difference in structural progression, as assessed by 
serial radiographs, was seen between treatments, and progres-
sion was very low in all groups. Key secondary clinical outcomes 
were numerically consistently better in biological groups 
compared with active conventional therapy.

The primary clinical outcome in the trial was remission 
according to CDAI, a more stringent remission criterion than the 
more commonly used DAS28- based. We chose the CDAI because 
its algorithm does not include acute- phase reactants, which are 
differentially impacted by different biological treatments and 
could therefore bias study outcomes.

Important differences between week 48 and week 24 results 
were observed. Particularly, the considerable advantage of 
biological therapies was much more pronounced at week 48 than 
at week 24.13 The CDAI remission rate in the active conven-
tional therapy group was slightly lower at week 48 than at week 
24 (39.2% vs 42.7%), probably reflecting the decreasing effect 
of the initial bridging glucocorticoid therapy. Nevertheless, the 
main reason for the increasing difference between the biolog-
ical arms and the active conventional therapy was that remis-
sion rates of biological arms increased markedly (abatacept: 
52.0%–59.3%; certolizumab pegol 46.5%–52.3%; tocilizumab 
42.1%–51.9%).

In early RA, pain and disability are mainly related to joint 
inflammation, but inhibition of structural progression is 
important for the long- term outcome, as even minor annual 
differences in structural progression will over decades accumu-
late and cause clinically significant pain and disability.15 30 In 
the current study, the radiographic progression was low in all 
arms, and there were no differences between active conventional 
therapy and biological therapies. This highlights the advan-
tage of glucocorticoid bridging, which immediately decreases 
inflammation, with the aim of both improving symptoms and 
decreasing structural progression. In contrast, other clinical trials 
using MTX without glucocorticoid bridging as comparison have 
reported an advantage on radiographic progression of biologics 
in early RA.31–33 The administered glucocorticoid dose was in all 
treatment arms markedly lower during weeks 25–48 than during 
weeks 1–24, which reflects that the need for glucocorticoid 
declined with the gradual onset effect of the DMARDs. Another 
investigator- initiated treat- to- target study found DAS remission 
in 61% of RA patients after 4 months of MTX and oral gluco-
corticoid; in non- remission patients subsequently randomised 
to additional conventional DMARDs versus TNF- inhibitor, 
higher 1- year remission rates were found in patients treated with 
a TNF inhibitor.34 An open- label treat- to- target trial applying 
MTX plus various doses of bridging glucocorticoids found rates 
of DAS- 28 remission (less stringent than CDAI remission) at 2 
years of approximately 60%,35 that is, overall in accordance with 
our data.

Biological therapies are more costly than conventional 
therapy. Nevertheless, using a biological therapy as first- line 
therapy—after demonstration of clinical superiority—may 
be justified by the high direct and indirect costs of poorly 
controlled RA.36 The introduction of the less expensive, 
but equally effective and safe, biosimilar drugs adds further 

credence to that argument.37–39 The cost- effectiveness 
should be confirmed in a dedicated analysis. Furthermore, 
several studies have suggested that after remission has been 
achieved, biologicals can often be tapered or discontinued 
safely.40–42 This topic is the subject of the ongoing second 
part of the NORD- STAR trial.

Strengths of the study include the investigator- initiated 
set- up across six countries, allowing recruitment of >800 
patients with early DMARD- naïve RA, with baseline charac-
teristics typical for treatment- naïve poor- prognosis patients. 
The open- label design of this pragmatic trial is a limitation 
since it could influence certain subjective outcomes. We used 
blinded joint assessors to avoid bias on physician- determined 
outcomes. The active conventional therapy arm (arm 1) 
comprised two different treatment strategies based on 
national recommendations for conventional RA therapy in 
the individual countries. Analyses were adjusted for country 
effects, whereas the study was not powered for subgroup 
analyses.

No new safety signals were detected. Among prespecified 
events of interest, infections were common, particularly in 
the tocilizumab arm. An increased risk of adverse events 
attributable to glucocorticoid use was not found.

In conclusion, this large investigator- initiated randomised 
controlled trial showed a marked clinical superiority for 
two of the three biologicals in this study compared with 
active conventional therapy including MTX and glucocorti-
coids. We believe that the fact that two therapies (abatacept 
and certolizumab pegol) provide clinically and statistically 
significantly higher remission rates as compared with opti-
mised conventional antirheumatic therapy with bridging 
glucocorticoids should be considered when the management 
of patients with newly diagnosed RA is decided, both in clin-
ical practice and in treatment recommendations.
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