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ABSTRACT
Objectives: To compare the risk of serious adverse
events, serious infections and death caused by
methotrexate and biological disease-modifying
antirheumatic drug (bDMARD) combination therapy
versus a bDMARD prescribed as monotherapy in
rheumatoid arthritis (RA).
Methods: A systematic literature review was
conducted until February 2016 in PubMed, Embase
and Cochrane Library databases by selecting
randomised controlled trials comparing methotrexate
and bDMARD combination therapy to bDMARD
monotherapy in RA. The meta-analysis compared the
occurrence of (1) serious adverse events, (2) serious
infections and (3) death among these groups by the
Mantel-Haenszel method.
Results: The literature review selected 16 controlled
trials comparing methotrexate and bDMARD
combination therapy to bDMARD monotherapy. After
meta-analysis comparing patients under monotherapy
to those under combination therapy: (1) the risk of
occurrence of serious adverse events was comparable
in 12 trials: RR (95% CI) 0.92 (0.78 to 1.08).
(2) No significant difference was observed in the risk
of occurrence of serious infections in 13 trials:
RR (95% CI) 1.15 (0.84 to 1.58). We noted a trend,
although insignificant, towards a high risk of the
occurrence of tuberculosis in 10 studies: RR
(95% CI) 1.78 (0.63 to 4.99). (3) The risk of death
was comparable in 12 trials: RR (95% CI) 0.73
(0.40 to 1.35).
Conclusions: The results showed no significant
difference between the two groups, confirming that the
use of methotrexate and bDMARD combination therapy
in RA does not cause an increased risk of serious
adverse events or serious infections or death compared
with bDMARD monotherapy.

According to the EULAR (EUropean League
Against Rheumatism) recommendations of
2013,1 a disease-modifying drug should be
started as soon as rheumatoid arthritis
(RA) is diagnosed with the objective of
obtaining remission or at least a low level of
activity. Methotrexate is the first-line treat-
ment for use as monotherapy or readily
combined with other conventional synthetic
disease-modifying antirheumatic drugs
(csDMARDs).1 2 When remission is not
reached and if RA has poor prognostic
factors, a biological disease-modifying anti-
rheumatic drug (bDMARD) is added to
methotrexate. Methotrexate and bDMARD
combination therapy is more effective than a
single bDMARD in most cases with better

Key messages

What is already known about this subject?
▸ Addition of methotrexate to a biological disease-

modifying antirheumatic drug (bDMARD) does
not increase risk of severe adverse events in
rheumatoid arthritis (RA).

What does this study add?
▸ Addition of methotrexate to a bDMARD does not

increase risk of serious infections in RA.

How might this impact in clinical practice?
▸ Methotrexate should be prescribed as soon as it

is tolerated in addition to bDMARDs.
▸ A non-significant trend towards an increased

tuberculosis risk with methotrexate was
observed.
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therapeutic support.1 3 The impact of disease-modifying
combination therapy on the risk of side effects compared
with bDMARD monotherapy has never been clearly
assessed.
The serious infection risk is 2.5 higher in RA com-

pared to the risk in the general population due to
immune system disturbances, the use of corticosteroids
and disease-modifying therapies.4–7

There are discrepancies in the literature regarding the
risk of infection due to methotrexate given as monother-
apy in RA.4 8–10 A recent meta-analysis by Singh et al11

showed that, in RA, using the standard dose of
bDMARDs (used alone or in combination with
csDMARDs) was associated with an increased risk of
serious infections compared with csDMARDs alone.
Moreover, Lorenzetti et al12 showed that the risk of
tuberculosis under anti-TNF-α therapy was nearly 13
times higher when combined with methotrexate com-
pared with its use in monotherapy.
Work by Ruderman13 summarising the main national

registers of RA showed that the use of methotrexate was
associated with a risk of hepatotoxicity, cytopenias and
pneumonia, especially during the first year of adminis-
tration, as anti-TNF-α is associated with an increased risk
of infection (including serious), whether bacterial,
fungal or opportunistic.
The aim of our study was to compare the risk of occur-

rence of serious adverse events, serious infections and
death among patients receiving a methotrexate and
bDMARD combination compared with those receiving
bDMARD monotherapy in RA by a systematic literature
review and meta-analysis.

METHODS
We undertook this literature review and meta-analysis in
accordance with the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) statement.14

Search strategy
The search strategy consisted of a systematic review of
the literature for randomised controlled trials compar-
ing bDMARD and methotrexate combination therapy to
bDMARD prescribed as monotherapy in adult patients
with RA.
We performed a search in January 2015 in the

PubMed, Embase and Cochrane CENTRAL databases to
collect all randomised controlled trials since inception.
We updated the data in February 2016 for the PubMed
and Cochrane Library databases.
The search terms used in PubMed were (‘Arthritis,

Rheumatoid’(Mesh)) AND ‘Randomized Controlled
Trial’ (Publication Type) AND (ETANERCEPT(TEXT)
OR INFLIXIMAB(TEXT) OR ADALIMUMAB(TEXT)
OR CERTOLIZUMAB(TEXT) OR GOLIMUMAB
(TEXT) OR TOCILIZUMAB(TEXT) OR RITUXIMAB
(TEXT) OR ABATACEPT(TEXT) OR ANAKINRA
(TEXT)).

We searched the Embase database for articles using
the following keywords: (TITLE–ABS–KEY (etanercept
OR infliximab OR adalimumab OR certolizumab OR
golimumab OR tocilizumab OR rituximab OR abatacept
OR anakinra)) AND (TITLE–ABS KEY (arthritis
rheumatoid)) AND (LIMIT-TO (SUBJAREA, ‘PHAR’)).
We conducted nine separate searches in the Cochrane

Library with the following keywords: bDMARD name
+‘RHEUMATOID ARTHRITIS’ AND ‘monotherapy’,
giving a total of nine combinations.
We also conducted a search for abstracts of the SFR

(French Society of Rheumatology), ACR (American
College of Rheumatology) and EULAR annual meetings
over the past 3 years (2013, 2014 and 2015).

Article inclusion and exclusion criteria
We selected all randomised controlled trials which com-
pared methotrexate and bDMARD combination therapy
to bDMARD monotherapy in adult patients with RA.
The bDMARDs included anti-TNF-α (adalimumab, cer-
tolizumab, etanercept, golimumab, infliximab), tocilizu-
mab, abatacept, rituximab and anakinra. Patients were
either csDMARD-naive or bDMARD-naive or not.
We excluded articles that were not written in English

or French, non-randomised trials, studies that did not
include two separate randomised groups of methotrex-
ate and bDMARD combination therapy and bDMARDs
prescribed as monotherapy.
The selection of articles on reading the title and

abstract was carried out by one reader (CB).

Data collection
Data collection for each article was made using a prede-
fined reading grid. This grid was previously tested on
three articles to verify the feasibility of the collection.
The selection of trials for complete reading and data
collection of the articles was performed independently
by two individuals (AR-W and CB). Disputes were
resolved by consensus.
The following data were collected systematically: study

characteristics (article title, journal and publication date,
number of patients included, study duration, bDMARD
studied, mean methotrexate dose prescribed), popula-
tion characteristics studied: mean age, sex ratio, rheuma-
toid factor (RF) status, RA disease duration, number of
previous biotherapies administered, corticosteroids (per-
centage of patients treated with oral corticosteroids
during the study and mean daily dose in prednisone
equivalent), end points expressed (conversions made if
necessary) as the number of events per 100 patient-years
(100 PY): serious adverse events, serious infections (with
specific collection of tuberculosis cases), death.
Adverse events and infections were considered serious

if they met the definition of the FDA (Food and Drug
Administration)18 or were considered serious according
to the authors of the article.18 In the case of missing
data, the authors were contacted by email to retrieve the
number of events.
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Statistical analysis
We first described the studies included in the
meta-analysis and the population of interest. The results
are presented according to the nature of the event and
divided into three parts: serious adverse events, serious
infections, and tuberculosis and death.
We found (or converted into the number of patient-

years if necessary) the number of each of these events
for each study included in our analysis. For each event,
the risk was calculated by meta-analysis by the
Mantel-Haenszel fixed effects method. This method pro-
vides a fixed number and combines studies using a
similar method to the inverse variance approaches to
determine the weight given to each study. It provides a
common estimate of the risk ratios (RR) and CIs (95%
CI). ‘Forest plot’ graphs showing the RR and 95% CI
were constructed for each of the evaluation criteria.
Statistical heterogeneity of the samples was evaluated
using a Q test using a significance level of 0.05 and
reported with I2 statistics that describe inconsistency
across studies. I2 was interpreted as follows: 0–40%: not
important heterogeneity, 30–60%: moderate heterogen-
eity, 50–90%: substantial heterogeneity, 75–100%: consid-
erable heterogeneity. All analyses were performed using
the Revman 5.3 software (Nordic Cochrane Center).

RESULTS
Article selection process
We obtained a total of 1510 articles in the search: 504
articles via PubMed, 683 via Embase and 323 via the

Cochrane Library. We excluded 1475 articles after
reading the titles and abstracts (see flow chart figure
1) and thus retained 35 articles. After full-length
article reading, 19 were eliminated as 14 were dupli-
cates (intermediate results of the same studies), 3
studies expressed unusable tolerance data (unfeasible
patient-year conversions) and 1 study provided no
safety data and 1 was not a randomised trial. We con-
tacted the authors of the four studies that did not
provide enough safety data to be analysed by email,
but have not been able so far to retrieve the data
needed for the study. Finally, we retained 16 arti-
cles.15–30

All of these trials included 4975 patients, representing
a total of 6764 patient-years followed up and including
3866 patient-years in the ‘bDMARD and methotrexate’
group and 2898 patient-years in the ‘bDMARD alone’
group.

Description of the selected studies
Of these 16 articles, 2 concerned abatacept,18 27 1 con-
cerned adalimumab,15 5 concerned etanercept,17 21 22 29 30

3 concerned golimumab,19 24 28 1 concerned inflixi-
mab,25 1 concerned rituximab16 and 3 concerned
tocilizumab.20 23 26

Trial quality was assessed using the Jadad scale: 13 arti-
cles had a Jadad score ≥3/5 and 3 had a score of 2/5
(see online supplementary table S1 in appendix 1).
The main data concerning the studies are shown in

table 1.

Figure 1 Article selection flow

chart.
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Characteristics of the populations studied
The studies were homogeneous for the criteria for inclu-
sion in the trials, study population characteristics and
concomitant medications (see online supplementary
table S2 in appendix 2).

Risk of the occurrence of serious adverse events
The number of serious adverse events was available for
12 studies,15–22 24 27 29 30 corresponding to 5712 patient-
years, which was 3438 in the combination group and
2274 in the monotherapy group.
After meta-analysis, the risk of serious adverse events

was comparable in both groups (RR 0.92 (95% CI (0.78
to 1.08)) (figure 2), but with a trend in favour of the
combination group. Details of serious adverse events
when they were available are summarised in online
supplementary table S3 (appendix 3).

Risk of the occurrence of serious infections
The number of serious infections was available for 13
studies,15–20 22 24–27 29 30 corresponding to 5852 patient-
years, which was 3510 in the combination group and
2342 in the monotherapy group.
After meta-analysis, no difference was identified in

serious infection risk between the two groups (RR 1.15
(95% CI (0.84 to 1.58)) (figure 3). Details of serious
infections are available in online supplementary table S3
(appendix 3).
Regarding the risk of tuberculosis, we collected data

in 10 studies,15 17 19 20 24 26–30 or 6017 patient-years,
which was 3490 in the combination group and 2527 in
the monotherapy group. Screening procedures for
latent tuberculosis when they were described are
detailed in online supplementary table S4 (appendix
4). After meta-analysis, no significant difference was
found in the risk of tuberculosis among the groups

Table 1 Characteristics of the studies included in the meta-analysis

Studyreference
Publication

year

Jadad

score (/5)

Number of

patients

Follow-up

duration (years) bDMARD

Mean MTX dose

(mg/week)

1. ACCOMPANY27 2013 3 100 0.33 Abatacept 16.2

2. AVERT18 2015 4 235 1.00 Abatacept 15–20*

3. PREMIER15 2006 4 542 2.00 Adalimumab 20

4. ADORE30 2006 2 314 0.31 Etanercept ≥15
5. COMET17 2010 5 312 1.00 Etanercept 17

6. Iannone21 2014 3 20 1.04 Etanercept 10

7. JESMR22 2011 2 147 1.00 Etanercept 7

8. TEMPO29 2006 4 454 3.00 Etanercept 16.4

9. GO-BEFORE17 2013 5 637 2.00 Golimumab 19.15

10. GO-FORWARD24 2013 5 444 2.00 Golimumab 15–25

11. Taylor28 2011 4 514 0.92 Golimumab 15–25

12. Maini25 1998 2 87 0.50 Infliximab 7.5

13. Edwards16 2004 4 80 0.92 Rituximab ≥10
14. ACT-RAY20 2014 5 553 2.00 Tocilizumab ≥15
15. CHARISMA26 2006 5 310 0.38 Tocilizumab 10–25

16. SURPRISE23 2016 3 226 1.00 Tocilizumab 8

*Possibility of changing to a dose <10 mg/week in the case of intolerance.
bDMARDs, biologic disease-modifying antirheumatic drugs; MTX, methotrexate.

Figure 2 Forest plot comparing the risk of serious adverse events between the combination therapy and monotherapy groups.
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(RR=1.78 (95% CI (0.63 to 4.99)), but we noted a trend
towards a high risk in the combination group (figure 4)
with 15 cases of tuberculosis on 3490 patient-years in the
combination group compared with only 3 cases of tuber-
culosis on 2527 patient-years in the monotherapy group.

Risk of death
We collected the number of deaths in 12 studies15 17–20

23 24 26–30 or 6508 patient-years, which was in 3743 in the
combination group and 2725 in the monotherapy
group.

Figure 3 Forest plot comparing the risk of serious infections between the combination therapy and monotherapy groups.

Figure 4 Forest plot comparing the risk of tuberculosis between the combination therapy and monotherapy groups.

Figure 5 Forest plot comparing the risk of death between the combination therapy and monotherapy groups.
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After meta-analysis, no significant difference was
found in mortality between the groups (RR 0.73 (95%
CI (0.40 to 1.35) (figure 5).
All causes of death in these studies were detailed

including 20 in the combination group and 21 in the
monotherapy group (see online supplementary table S3
for details of death in appendix 3).
Twenty per cent of deaths in the combination group

were related to an infectious cause compared with
14.3% in the monotherapy group. All cardiac causes
(cardiac arrest, heart failure, arrhythmia, myocardial
infarction) represented 25% of causes of death of
patients in the combination group compared with
28.6% of patients on monotherapy. Finally, four deaths
were from cancer in the combination group (20%) and
two in the monotherapy group (9.5%).

DISCUSSION
We did not show any significant difference between the
occurrence of serious adverse events, serious infections,
tuberculosis or death in patients under methotrexate
and bDMARD combination therapy compared with
bDMARD monotherapy in RA.
The originality of our work is that, to the best of our

knowledge, there are no published meta-analyses com-
paring the safety of monotherapy versus bDMARDs pre-
scribed in combination with methotrexate.
The meta-analysis by Singh et al published in 201511

concluded that the use of standard dose bDMARDs
(alone or in combination with csDMARDs) in RA was
associated with an increase in serious infections com-
pared with csDMARDs only: RR=1.31 (95% CI (1.09 to
1.58)). This study compared bDMARDs with csDMARDs,
but did not study the difference in risk between
bDMARDs prescribed in combination with csDMARDs
and in monotherapy as we did. It therefore does not
provide the same conclusions as our analysis.
In the American Registry CORRONA (Consortium of

Rheumatology Researchers of North America),8 of 7971
patient-years followed, there was an infection rate of
40.1/100 PY (95% CI (37.0 to 43.4 )) under anti-TNF-α
and 37.1/100 PY (95% CI (34.9 to 39.3)) under the
anti-TNF-α and methotrexate combination therapy.
Similarly, in the Spanish register BIOBADASER,31 the
use of methotrexate did not appear as a factor associated
with serious infections.
Regarding the specific risk of developing tuberculosis,

we did not show any significant difference between com-
bination therapy and monotherapy, but there was a
trend towards higher risk in the combination group.
The low number of events in each trial possibly explains
the lack of significance of the meta-analysis. This trend
is similar to a study by Lorenzetti et al published in
2014.12 This systematic literature review showed that the
risk of tuberculosis under anti-TNF-α therapy was higher
when these agents were used in combination with
methotrexate than in monotherapy with an RR of 13.3

(95% CI (3.7 to 100)). However, this work took into
account the use of anti-TNF-α in rheumatic diseases
(RA, ankylosing spondylitis, psoriatic arthritis) and also
in skin (psoriasis) and digestive (chronic inflammatory
bowel) diseases. Moreover, it did not take into account
all bDMARDs, but rather only a few anti-TNF-α therapies
(infliximab, adalimumab and certolizumab). In add-
ition, csDMARDs prescribed in combination can be
methotrexate, as well as azathioprine. Finally, the limits
of the CI are very wide, which reduces the accuracy of
the OR observed.
The strengths of our study are that it is first of all a sys-

tematic review of the literature with meta-analysis, taking
into account randomised controlled trials. The selected
studies had good methodological quality with a Jadad
score=3/5 for 13 of them. Furthermore, a full reading of
articles and data collection was performed independ-
ently by two individuals. Finally, the trials included in
this meta-analysis were homogeneous, which reinforces
even more the results obtained. The key words in our
search strategy included ‘randomized controlled trial’
and trials not indexed as ‘randomized clinical trials’ in
PubMed might have been missed. However, our search
strategy search was also based on Embase and Cochrane
CENTRAL and not restricted to randomised controlled
trials in these databases. Another potential limitation of
this work is that our review was based on only 16 trials
and the results might be different with more studies.
However, the trials were homogeneous with narrow CIs;
thus, we assume that additional trials would most likely
not change the direction of the results.
Our work reports in RA no significant difference in

the occurrence of serious adverse events, serious infec-
tions, tuberculosis or death between bDMARDs as
monotherapy compared with bDMARDs and methotrex-
ate. This confirms the safety of the established choice to
combine methotrexate with a bDMARD, in the absence
of methotrexate contraindication or intolerance, without
any additional risk to the patient. However, we note a
trend, although insignificant, in favour of monotherapy
for the risk of tuberculosis.
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