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Combination Therapy With and Without Tumor
Necrosis Factor Inhibitors in Rheumatoid
Arthritis: A Meta-Analysis of Randomized Trials

NIELS GRAUDAL,' THORBJORN HUBECK-GRAUDAL,? MIKKEL FAURSCHOU,' BO BASLUND," anp
GESCHE JURGENS?

Objective. The costs of biologic treatment per patient with rheumatoid arthritis (RA) are approximately 100 times the
costs of treatment with a combination of conventional disease-modifying antirheumatic drugs (DMARDs). Despite this,
biologic agents have not been proven superior. We compared the effects of combination DMARD therapies with and
without biologic agents as therapy for patients with RA.

Methods. Eight randomized controlled trials published in 10 articles were selected from a systematic literature search
of 1,674 identified studies and integrated in a meta-analysis. These trials compared combinations of DMARDs versus
a tumor necrosis factor (TNF) inhibitor plus methotrexate. Two reviewers independently entered data into standard-
ized extraction forms. The combined effect measures were compared by means of the inverse variance method (contin-
uous data) and the Mantel-Haenszel method (dichotomous data) using a random-effects model.

Results. The primary outcome, radiographic progression score, did not differ between the combination DMARD group
and the TNF inhibitor group, neither during the second year (—0.09 units [—0.61, 0.44]) of treatment or during the first
2 years (0.66 units [—0.12, 1.43]). There were significant differences in the radiographic progression score, the Ameri-
can College of Rheumatology criteria for 50% improvement (ACR50), and the ACR70 response criteria at 6 months in
favor of TNF inhibitor treatment, but these differences were not present in patients treated with an initial steroid
course and disappeared at 24 months, irrespective of the use of steroids.

Conclusion. The difference between DMARD combination treatments, including or excluding TNF inhibitors, is small.
Due to the enormous cost differences, RA guidelines should recommend combination DMARD treatment before initia-
tion of TNF inhibitors.

single DMARD (1). A recent indirect comparison network
meta-analysis indicated that the effects of combination
treatments with and without biologic agents might have
similar properties to reduce radiographic joint destruction
(2). Until recently, only 1 randomized controlled trial
(RCT) directly supported this hypothesis (3,4). The 4 most
sold drugs in the world with regard to sales (but not
defined daily doses) are biologic agents primarily indicat-

INTRODUCTION

In patients with rheumatoid arthritis (RA), treatment with
a biologic agent plus a disease-modifying antirheumatic
drug (DMARD) is superior to a single DMARD (1). Further-
more, a combination of 2 or more DMARDEs is superior to a
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ed for RA (adalimumab, infliximab, rituximab, and etaner-
cept). The total yearly sales of these are approximately 36
billion US dollars (5). Some RA patients can experience
successful treatment with half a dose of rituximab once
per year, costing only 25% of other biologic treatments,
but they are still more expensive than conventional inex-
pensive DMARDs. When giving priority to these treat-
ments, it is therefore essential to know the relative effect
on disease activity and progression of the inexpensive
DMARDs compared to the effect of biologic agents. The
objective of the present meta-analysis of RCTs in RA
patients was to compare combination treatments with
biologic drugs versus combination treatments without bio-
logic drugs, using progression of radiographic joint de-
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Significance & Innovations

e Three of the 4 most sold drugs in the world are
tumor necrosis factor inhibitors for rheumatoid
arthritis (RA). The total yearly costs for these are
approximately 28 billion dollars (US).

o Effects comparable to the effects of these expensive
drugs can be obtained by means of a combination of
conventional disease-modifying antirheumatic drugs
(DMARDSs) at much lower costs.

e The inexpensive combination DMARD treatment
should be appealing not only in regions with low
health budgets, but everywhere.

e Guidelines should recommend combination
treatment with synthetic DMARDs as a standard
treatment of RA before the use of biologic agents,
which should be considered second-line drugs
for patients with inadequate response to combi-
nation DMARD treatment.

struction as primary outcome, and American College of
Rheumatology 20%, 50%, and 70% (ACR 20/50/70) im-
provement criteria (6), the disease activity score in 28
joints (DAS28), and the Health Assessment Questionnaire
(HAQ) scores as secondary outcomes.

MATERIALS AND METHODS

Protocol and registration. The analysis is reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) (7). The protocol
has been registered in PROSPERO and can be accessed at
http://www.crd.york.ac.uk/PROSPERO; registration num-
ber CRD42014008896.

Eligibility criteria. Types of studies. We included full-
length studies published in peer-reviewed journals that
were performed according to a randomized controlled trial
design, irrespective of language, sample size, and publica-
tion year, and within the limits of the electronic databases.

Participants. Patients with RA diagnosed according to
the 1987 or later criteria of the ACR were included.

Types of interventions. Studies that compared a combi-
nation of conventional DMARDs versus a combination of
biologic drugs plus a DMARD were included. As our previ-
ous meta-analysis showed no statistically significant differ-
ences between methotrexate, sulfasalazine, cyclosporine,
leflunomide, and injectable gold (1), we included studies
in which the combination DMARD treatment arm included
at least 1 of these effective DMARDs. A low-dose glucocor-
ticoid (GC) is not a DMARD, but it is suitable for shorter-
term treatment during the initial treatment phase and dur-
ing flares. It is an open question whether a low-dose GC is
acceptable for longer-term treatment, but there is no defini-
tive evidence to prove that longer-term treatment with a
low-dose GC is harmful. As low-dose GCs are inexpensive,

and as we previously showed that low-dose GC, defined as
maximally 7.5 mg prednisone or prednisolone per day, had
an effect similar to the effective DMARD:s (1), low-dose GCs
were included as a DMARD equivalent. Subcutaneous or
intraarticular depot steroid doses, corresponding to a daily
dose of maximally 7.5 mg prednisolone, were also accepted
as a DMARD equivalent in the combination DMARD arm.
The second/third/fourth/fifth drug could be one of these
effective DMARD:s or low-dose GCs or one of the less effec-
tive DMARDs (chloroquine, D-penicillamine, azathioprine,
cyclophosphamide, and orally administered gold). In the
biologic treatment arm, we accepted combination treat-
ments of a single DMARD plus a tumor necrosis factor
(TNF) inhibitor (etanercept, infliximab, adalimumab, certo-
lizumab, and golimumab), a single DMARD plus abatacept,
a single DMARD plus tocilizumab, and a single DMARD
plus a CD20 inhibitor (rituximab).

Types of outcome. The following outcomes were
intended to be recorded: joint radiograph scores at =2 sepa-
rate time points within a time interval of at least 3 months
(primary outcome), ACR 20/50/70 response criteria,
changes in C-reactive protein (CRP) level and erythrocyte
sedimentation rate (ESR), joint swelling score, DAS28
score, HAQ score, adverse events, and dropouts (secondary
outcomes). Any of these outcomes that turned out to be
only sporadically reported would be eliminated from the
final analysis.

Conventional DMARDs achieve their potential effect
after 3—6 months, whereas biologic drugs often achieve
this effect after days or weeks. Furthermore, in many trials
the synthetic DMARD arm is a “step-up” arm, which
means that the maximal dose is achieved after several
months of treatment in this arm. As these biases favor the
biologic treatment, we defined the primary level of out-
come to be the difference between the last followup
measure of the radiographic score and the previous mea-
sure of the radiographic score (progression rate), because
this level would exclude the initial values obtained at a
stage where the DMARD-treated patients did not yet expe-
rience maximal therapeutic effect. The radiographic out-
come was also shown as a difference to baseline value at all
measurement points, as were all other outcomes.

Information sources. The last search date was Septem-
ber 12, 2014. Our previous search, which covered 1955 to
December 30, 2009 (1), revealed that at this time point,
only 1 study comparing combination treatments with and
without biologic agents had been published. To ensure
that we did not overlook studies published during 2009,
we searched the electronic databases (PubMed, the
Cochrane Central database, and ClinicalTrials.gov) from
January 1, 2009 up to September 12, 2014. Furthermore,
we scanned the lists of references from the identified ran-
domized trials.

Search methods for identification of studies. In order to
ensure as broad a search as possible, the search in PubMed
and in Cochrane Central was based on the following
combination of search terms: “rheumatoid arthritis and
randomized OR rheumatoid arthritis and randomized.” In
the randomized search in ClinicalTrials.gov, we used
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rheumatoid arthritis as a search term, limited by complet-
ed intervention studies with results. The searches were
performed successively and independently. The primary
search was in PubMed, the second in Clinicaltrials.gov,
and the third in Cochrane Central.

Data collection. Selection of trials. Titles were screened,
abstracts read, and possible papers were retrieved. Trials
fulfilling eligibility criteria were included in the systematic
review.

Data extraction. Four authors were involved in the
selection of trials and data extraction. Eligibility assess-
ment (NG and GJ), data collection (NG, THG, MF, and
BB,), and risk of bias assessment (NG and THG) were per-
formed independently by at least 2 authors and disagree-
ment resolved by consensus. All data were entered into
standardized extraction forms (piloted by NG) on the basis
of experience from a previous analysis (1).

Data items. Mean measurements and SDs of outcomes
were recorded at all measurement times for continuous
variables (radiographic score, CRP level, ESR, joint swell-
ing score, DAS28, HAQ score) and absolute numbers for
dichotomous variables (ACR20, ACR50, ACR70, adverse
events, serious adverse events, and dropouts). If the
dichotomous values were reported as percentages, they
were transformed to absolute values.

In addition, the following variables were recorded: study
identification, year of publication, type of intervention in
treatment arms, number of patients in each treatment arm,
mean age of patients, duration of RA at baseline, duration of
study, DMARD inadequate response (i.e., whether included
patients previously had had an inadequate response to a
least 1 DMARD), strategy change (i.e., whether a change of
treatment strategy was allowed during the course of the
study), mean daily GC use in all treatment arms, and per-
centage of IgM rheumatoid factor (RF)—positive patients.

Risk of bias in individual studies. Six different risk of
bias domains, as defined by Cochrane (8), were assessed on
the study level: sequence generation, allocation conceal-
ment, study blinding, outcome assessor blinding, incom-
plete outcome data, and selective outcome reporting. In
addition, we included radiographic sequence blinding and
company sponsoring as risk of bias domains. Each of the
above 8 assessed risk of bias domains were evaluated in 3
groups: A, low risk; B, unclear risk; and C, high risk (8).

Measures of treatment effect. For each randomized
combination drug group, the difference between followup
measurement and previous measurement and the corre-
sponding SD were recorded for continuous variables. The
difference between the mean effect in the combination
drug group with and without a biologic drug was the treat-
ment effect. The ACR20/50/70 response outcomes were
recorded as measured and compared directly between the
combination drug group with and without biologic
treatment.

Data analysis. Unit of analysis issues. In trials with
several dose arms of biologic agents, only the defined stan-
dard dose arm was included.

Missing data. In articles where the median, but not the
mean, was given, the median value was used in the calcu-
lations. If the SD was not given, it could often be calculat-
ed from a 95% confidence interval, an SE, or a P value (8).
An interquartile range (2 quartiles) was made equivalent
to 1.35 X SD (8).

Heterogeneity. Heterogeneity between studies was
examined for all studies and each intervention by a chi-
square test (8). Potential heterogeneity would be explored
by means of subgroup analyses of extracted data.

Outcome data synthesis. A continuous outcome was
analyzed as a weighted mean difference, and a dichoto-
mous outcome was analyzed as a relative risk (8).

Risk of bias across studies. Differences across studies
were explored in sensitivity analyses. In addition, publi-
cation bias was evaluated visually by means of a funnel
plot, in which the effect of each trial was plotted by the
inverse of its SE (8).

Additional analyses. Randomized trials of a biologic
drug plus methotrexate versus combination DMARD treat-
ment are generally performed in DMARD-inadequate res-
ponders, which introduce a bias in favor of the biologic
drug. This bias was opposed by separate analyses of studies
of DMARD-naive and DMARD-inadequate patients.

Data synthesis method. The combined effect measures
of the direct comparisons of the individual combination
treatments were compared by means of the inverse vari-
ance method (continuous data) and the Mantel-Haenszel
method (dichotomous data) in Review Manager (RevMan;
Cochrane Collaboration), version 5.1. As we accumulated
data from a series of studies that had been performed by
researchers operating independently, and as the goal of
the analysis was to extrapolate to other populations, we
used a random-effects model in our primary analysis to
estimate the summary measure as the mean of a distribu-
tion of effects. In a secondary analysis, we used a fixed-
effects model, assuming that the true effect size for all
studies is identical. As we move from random effect to
fixed effect, extreme studies will gain influence if they are
large, and they will lose influence if they are small. If there
is no heterogeneity (tau? = 0 and 1% = 0), the 2 models are
identical.

RESULTS

Study selection. A flow chart of the study selection is
shown in Figure 1. Fifty-one retrieved papers were excluded
because they did not compare combination treatments ver-
sus combination treatment, and 3 were excluded because
they compared add-on biologic agents or placebo to combi-
nation treatment. Twenty papers were included; these repre-
sented 8 studies. The data to be included were reported in
10 of these 20 papers. These 10 papers representing 8 studies
were included in the final analysis (3,4,9-16).

Study characteristics. Baseline characteristics of includ-
ed studies are shown in Supplementary Table 1 (available
in the online version of this article at http://onlinelibrary.
wiley.com/doi/10.1002/acr.22618/abstract). The mean pa-
tient age and the HAQ scores were similar, and in 7 of
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Figure 1. Flow chart of study selection.

8 studies there was a female predominance, but the other
variables varied significantly. Five studies were performed
in early arthritis patients, whereas 3 were performed in
patients with a mean disease duration of =5 years. Three
studies were performed in DMARD-naive patients. The
baseline disease activity estimated by DAS28 varied with a
factor 2, and the fraction of RF-positive patients varied
between 50% and 90%. Finally, there was a large variation
in the use of steroids, some of which, however, was a con-
sequence of the study designs.

The within-study risks of bias on the study level are
shown in Supplementary Table 2 (available in the online
version of this article at http://onlinelibrary.wiley.com/
doi/10.1002/acr.22618/abstract). The most obvious bias
source was lack of blinding in 5 studies. The primary out-
come (radiographic score) was, however, blinded in all 7
studies, which measured radiographic outcome. All stud-
ies used the same method (a modified Sharp scoring meth-
od) to score the radiographs. Two studies were company
sponsored.
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Figure 2. Primary outcome during second year: change in radiographic score from month 12 to month
18—24. White diamond/square = disease-modifying antirheumatic drugs (DMARDs) + initial glucocorti-
coid; grey diamond/square = DMARDs only; black diamond = combined; Comb = combination; Best =
Treatment Strategies for Rheumatoid Arthritis; T = triple; D = double; IDEA =Infliximab as Induction
Therapy in Early Rheumatoid Arthritis; SWEFOT = Swedish Farmacotherapy; TNFi = tumor necrosis
factor inhibitor; Mtx = methotrexate; W = weight; MD = mean difference; RE =random effect; 95%
CI =95% confidence interval; FE = fixed effect.
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Figure 3. Primary outcome at months 6, 12, and 24. Change in radiographic score at months 6, 12, and
18-24. Elimination of heterogeneity: exclusion of LARA study at month 6: 0.29 (0.02, 0.56), P = 0.03;
exclusion of Treatment Strategies for Rheumatoid Arthritis (Best; double [D]) study at month 12: 0.17
(—0.05, 0.40), P=0.13 (random effect [RE]) or 0.12 (—0.04, 0.29), P=0.15 (fixed effect [FE]); exclusion of
Best D study at month 24: 0.26 (—0.32, 0.84) (RE) or 0.17 (—0.30, 0.64) (FE). White diamond/square = disease-
modifying antirheumatic drugs (DMARDs) + initial glucocorticoid; grey diamond/square = DMARDs
only; black diamond = combined; Comb = combination; IDEA = Infliximab as Induction Therapy in Ear-
ly Rheumatoid Arthritis; LARA = Latin America RA Study; RACAT = Rheumatoid Arthritis of Active

Comparison Therapies; TNFi=tumor necrosis

factor

inhibitor; Mtx = methotrexate; W = weight;

MD =mean difference; 95% CI=95% confidence interval; T = triple; IMPROVED = Induction Therapy
With MTX and Prednisone in Rheumatoid or Very Early Arthritis Disease; SWEFOT = Swedish Farma-
cotherapy; TEAR = Treatment of Early Aggressive Rheumatoid Arthritis Trial.

Concerning outcomes, only 1 study presented ESRs
(14), 1 study presented CRP levels (11), and 3 studies pre-
sented joint swelling scores (10,14,16). Consequently,
these outcomes, which we defined in the protocol, were
not summarized in the present analysis.

Interventions, results of individual studies, and synthesis
of results. Only the 2 TNF inhibitors, infliximab and eta-
nercept, were identified as biologic drugs being com-
pared with combinations of DMARDs. The results of
individual studies are shown in Figures 2—5 and Supple-
mentary Figures 1-3 (available in the online version of
this article at http://onlinelibrary.wiley.com/doi/10.
1002/acr.22618/abstract). Data were reported at 3, 6, 12,
18, and 24 months. Not all studies gave data at all 5 time
points. Only 1 study delivered data at 3 months and 1
study at 18 months. Consequently, the 3 months’ data
were combined with the 6 months’ data, and the 18
months’ data were combined with the 24 months’ data,
and the data were synthesized at 3 time points (3/6, 12,
and 18/24 months).

The main outcome is shown in Figures 2 and 3. There
was no difference in radiographic progression between
the 2 treatment groups in the period between month 12
and month 24 (Figure 2). When comparing with the base-
line, there were significant differences in favor of a TNF
inhibitor at 6 and 12 months, but the difference disap-
peared at 24 months (Figure 3). In studies using an interme-
diate GC treatment, there was no difference at any time
(Figure 3). Figures 4 and 5 and Supplementary Figures 1-3
show similar patterns for the secondary outcomes. At 3/6
months, there were significant or borderline significant
results in favor of TNF inhibitors plus methotrexate. At 12
months ACR 20/50/70 outcomes were still significant in
favor of a TNF inhibitor, but at 18/24 months there were no
statistically significant differences between the treatments.

There was no difference in number of side effects
(Figure 6 and Supplementary Figure 4), whereas the num-
ber of dropouts in the DMARD group exceeded the TNF
inhibitor group (Supplementary Figure 5, available in the
online version of this article at http://onlinelibrary.wiley.
com/doi/10.1002/acr.22618/abstract).
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Figure 4. Change in Disease Activity Score in 28 joints score at months 6, 12, and 18-24. Elimination
of heterogeneity: exclusion of APPEAL, LARA, and Treatment Strategies for Rheumatoid Arthritis
(Best; double [D]) studies at month 6 reduces the difference: 0.08 (—0.08, 0.23), P=0.32 (fixed effect
[FE] and random effect [RE]). White diamond/square = disease-modifying antirheumatic drugs
(DMARDEs) + initial glucocorticoid; grey diamond/square = DMARDs only; black diamond = combined.

See Figure 3 for definitions.

Risk of bias across studies. All analyses showed hetero-
geneity at 6 months, but few at 12 and 24 months. At 6
months, heterogeneity disappeared after the elimination
of studies or treatment arms not using GC (3,11,12,16),
which resulted in nonsignificant differences between a
TNF inhibitor plus methotrexate and combination
DMARD treatment (Figures 4 and 5, and Supplementary
Figures 1 and 2), with the exception of radiographic pro-
gression (Figure 3) and ACR70 response, (Supplementary
Figure 3).

Additional analyses. After exclusion of the company-
sponsored studies, there were no significant differences
between studies using initial steroids and those that did
not, but there was a trend to reduce the difference in favor
of studies using steroids (Supplementary Table 3, available
in the online version of this article at http://onlinelibrary.
wiley.com/d0i/10.1002/acr.22618/abstract). The effects of
studies using GC and those that only use DMARDEs, are sep-
arated on Figures 2—6 and Supplementary Figures 2-5).
There were no differences between double-blind and open
studies (Supplementary Table 4).

DISCUSSION

The only identified biologic drugs, which were compared ver-
sus combination DMARD treatment, were 2 TNF inhibitors
(infliximab and etanercept). A study adding adalimumab/
placebo (17) and a study adding infliximab/placebo (18) to
combination treatment were not included, as these studies
essentially compared a biologic versus placebo and not versus
combination treatment. We chose radiographic joint destruc-
tion as the main outcome. Radiographic destruction is pro-
gressive during the full course of RA, irreversible, and
approximately linear (1,19-21), and consequently reflects as
well the physiologic end point as the course of RA. Our ana-
lysis showed that the effect of a TNF inhibitor plus metho-
trexate was significantly superior to combination DMARD
treatment during the first 6 months, but this difference almost
disappeared after 12 months, and especially after 18/24
months (no outcomes differed). Furthermore, in 3 studies
using an initial course of steroids (3,4,14,15), there was no dif-
ference between the 2 treatment principles at any time (Fig-
ures 2-5 and Supplementary Figures 1-3, available in the
online version of this article at http://onlinelibrary.wiley.
com/doi/10.1002/acr.22618/abstract).
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Figure 5. Change in American College of Rheumatology 50% improvement criteria (ACR50) at months
6, 12, and 18-24. Elimination of heterogeneity: exclusion of LARA and APPEAL studies at month 6
reduces the difference: 1.14 (0.94, 1.39), P=0.18 (fixed effect [FE]) or 1.12 (0.92, 1.38), P=0.26 (ran-
dom effect [RE]). White diamond/square = disease-modifying antirheumatic drugs (DMARDSs) + initial
glucocorticoid; grey diamond/square = DMARDs only; black diamond = combined; RR = relative risk.

See Figure 3 for definitions.

The BEST (Behandelstrategieén voor Reumatoide Artri-
tis; Treatment Strategies for Rheumatoid Arthritis) study
(3,4) was the first to indicate that a combination of conven-
tional DMARDs might have the same effect as a TNF
inhibitor plus methotrexate. As recently reviewed, 13 very
similar network meta-analyses have shown similarity of
different biologic agents (22), but the relative effects of a
combination of conventional DMARDs versus biologic
agents have only been compared indirectly in 1 network
meta-analysis (2) and in 2 conventional meta-analyses
(1,23). Consequently, the present analysis is the first to
integrate all available evidence directly comparing a com-
bination of DMARDs versus a biologic treatment plus
methotrexate, and is also the first to estimate the effect at
consecutive time points during a period of 2 years.
Although only TNF inhibitors were investigated, it is like-
ly that the present results could be extended to other bio-
logic agents, as the biologic agents in general have been
shown to be equally efficacious (2,22,24).

Considering the approximately 200 studies comparing
biologic drugs versus placebo (25), the identification of

only 8 studies directly comparing a biologic drug versus a
combination of DMARDs reflects the insufficient focus
within this treatment area and the general lack of fair con-
trol arms in available studies (1,2,26).

A recent study showed that 86% of published RCTs of
RA patients found a significant effect of the tested inter-
vention, in contrast to approximately 30% of unpublished
studies (27). The potential elimination of such a classic
possible publication bias against less significant results
would strengthen the present results, further indicating
that the difference between the 2 treatment principles,
with and without biologic agents, is small.

Our analysis has several strengths: 1) the primary out-
come (radiographic score) was evaluated blindly, even in
the open studies, 2) all outcome definitions were identi-
cal across studies, 3) all outcomes, which in principle
should be mutually dependent, generally had trends in
the same direction, although not consistently significant,
and 4) in contrast to most previous studies involving bio-
logic treatments, most (6 of 8) studies were investigator-
initiated.



1494

Graudal et al

DMARD Comb TNF + Mix Risk Ratio RR
Study AE N AE N W RE, 95% CI RE, 95% CI

10 TEAR 193 256 380 499 22.6% 0.99 [0.91, 1.08] —+

9 SWEFCT 58 130 49 128 2.4% 117 [0.87, 1.56] —]

13 RACAT 170 222 165 219 161% 1.02[0.92, 1.13] -

16 LARA 97 142 193 279 10.1% 0.99 [0.86, 1.13) —

14IMPROVED 61 83 52 78 4.8% 1.10 [0.90, 1.35] N

15 IDEA 54 57 5455 30.1% 0.96 [0.90, 1.04] -or

2,3 BestD 57 121 50 128 2.5% 1.21[0.90, 1.61] ——

2,3 Best T 49 133 50 128 2.1% 0.94 [0.69, 1.29) —

11,12 APPEAL 79 103 134197 9.3% 1.130.98, 1.30] i

Total ©5% CT) 1247 1711 100.0% 1.01 [0.97, 1.06]

Totd events 818 1127 FE: 1.03 [0.98, 1.09]

Heterogeneity: T2 =0.00; Chi2=8.85, df=8 (¢ =0.35), F=10% *075 0?7 : 1?5 2‘

Test for overall effect: Z=0.48 (P=0.63) Favours DMARD Cornb Favours TNF: -+ M

Figure 6. Adverse events (AEs): total number of AEs in each treatment arm. White diamond/square = disease-
modifying antirheumatic drugs (DMARDs) + initial glucocorticoid; grey diamond =DMARDs only;
black diamond/square = combined; RR =relative risk. See Figure 3 for definitions.

It was a potential disadvantage that GC was necessary to
obtain complete equal efficacy of inexpensive treatments,
but this GC use was limited to a relatively short period.
Furthermore, in several of the studies, where GC was not
included in the randomized treatment, there was still a
significant use of GC, even in participants treated with
TNF inhibitors.

Our analysis has limitations, but it is unlikely that these
limitations should hide differences in favor of TNF inhibi-
tors big enough to justify the enormous cost differences.
Consequently, it may be reasonable to classify the biologic
drugs as high-cost drugs and the DMARDs as low-cost
drugs, as the cost is a more important factor for the deter-
mination of treatment than the molecular structure and
the potential effect. The combination of our previous
search with a new search from the date of the previous
search may be considered a limitation, but this method is
accepted when updating Cochrane reviews. On the out-
come level, the patient populations varied across studies
(see Supplementary Tables 1 and 2, available in the online
version of this article at http://onlinelibrary.wiley.com/
doi/10.1002/acr.22618/abstract). In spite of this, only 1
bias factor contributed to heterogeneity and had a statisti-
cally significant impact on the outcomes. This bias involved
2 studies, which were performed in Asia and Latin America,
in patients with long disease duration, an inadequate
response to previous DMARDs, and no treatment with a
course of GC (11,12,16). In contrast, the other studies
(3,4,9,10,13,15) were performed in North America and
Europe, and generally in DMARD-naive early arthritis
patients.

In conclusion, combination treatment with at least 2
DMARDs, 1 of which could be low-dose GC, prevents
inflammatory symptoms and structural joint damage to the
same degree as a TNF inhibitor combined with methotrex-
ate after 2 years of treatment. During the first year, the equal
efficacy is delayed, but the delay can be eliminated by an
initial high-dose steroid course. The result is important
because of its potential to reduce health care expenses and
to change clinical practice, at least in some countries.

Future studies should not compare biologic agents with
placebo or single DMARD therapy, but should have suffi-
cient power to investigate equal efficacy or superiority of
biologic agents to a combination of conventional DMARDEs.
Combination treatment with synthetic DMARDs should be
introduced as a standard treatment of RA and given a
higher priority than in the present guidelines (28,29).
Expensive drugs should still, as originally intended, be
reserved for patients that are insufficiently treated with a
combination of at least 2—3 conventional DMARDEs.
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