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Abstract
Objective

Treatment of rheumatoid arthritis (RA) with disease-modifying anti-rheumatic drugs (DMARDs), either synthetic 
(sDMARDs) or biologic agents (bDMARDs) has significantly improved disease outcome. However, the impact of 

therapy-related adverse events (AEs), mild, moderate or serious, on disease outcome is under debate. The purpose of the 
study was to test the hypothesis that AEs, including infections, are rather common in patients receiving bDMARDs 

than in those receiving sDMARDs.    

Methods
Analysis of the medical records of patients followed in a single outpatient clinic was performed. In total, 1403 adults 

(295 men, 1108 women) were included in the analysis (969 treated with sDMARDs only, 434 with bDMARDs). 
All AEs and infections were recorded and their severity was graded according to international criteria. Incident rates 
were calculated and Kaplan-Meier plots as well as Cox proportional-hazards models were performed to examine the 

association of treatment groups with the risk of any AE.

Results
The risk of any AE, irrespective of severity, was significantly higher in patients with bDMARDs with the adjusted 
hazard ratio being 1.98 (95% CI: 1.64 to 2.39). Patients in the biologic group treated initially with infliximab or 

adalimumab had a higher risk of AE compared to patients receiving etanercept or other biologic agents. Among patients 
treated with methotrexate, those receiving a dose below 10 mg had a higher risk of any AE when compared to those 

receiving higher doses.

Conclusion
The risk of any AE among RA patients treated with bDMARDs was significantly higher compared to those treated with 

sDMARDs. 
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Introduction
Rheumatoid arthritis (RA) is a chronic, 
inflammatory disease of small and large 
joints resulting in their destruction and 
functional impairment, with permanent 
disability and reduced survival of pa-
tients, due to therapy or disease related 
co-morbidities (1).
Intensive treatment with disease-modi-
fying anti-rheumatic drugs (DMARDs), 
either synthetic (sDMARDs) or bio-
logic (bDMARDs), has dramatically 
reduced disability in these patients (2-
4). Μortality rates of RA have been 
gradually improved over the last dec-
ades but still remain higher than in the 
general population, raising questions 
on treatment safety and long-term effi-
cacy (5, 6). The short duration of use of 
bDMARDs is not probably enough to 
give prominence to decreased mortal-
ity; alternatively these agents may not 
be superior to sDMARDs in long-term. 
Recent reports underline the increased 
risk for infections in patients taking 
anti-tumour necrosis factor α (anti-
TNF-α) monoclonal antibodies or other 
bDMARDs, while other attribute the 
infections to the co-administration of 
corticosteroids (7, 8). On the contrary, 
it was recently shown that anti-TNF-α 
agents and rituximab decrease mortal-
ity by reducing disease activity (9). The 
short duration of registration trials re-
garding biologic treatments, absence 
of co-morbidities, younger average age 
and discontinuation of observation after 
treatment failure or after the presence 
of any adverse event (AE), probably 
explain the relative absence of severe 
AEs in the initial reports. 
Study objectives were to test the hypo-
thesis that the risk for treatment-related 
AE (including any AE or infection), 
was more common among RA-patients 
treated with bDMARDs than those 
treated with sDMARDs and to compare 
the risk of any first AE across specific 
biologic agents. 

Materials and methods
Study population 
The files of patients with RA, according 
to international classification criteria, 
followed between 1985 and 2013 in the 
Rheumatology Department in “Laiko” 
University Hospital of Athens’ Medical 

School, were retrospectively evaluated. 
Each visit was separately recorded for 
all patients. Initially the files of 1663 
RA patients with detailed information 
on several variables were selected. Af-
ter excluding those younger than 18 
years, those followed-up less than 3 
months or those receiving only steroids, 
1403 adults (295 men and 1108 women) 
were included. All patients were evalu-
ated for latent or active tuberculosis ac-
cording to international guidelines and 
treated appropriately (10). The study 
protocol was approved by the Ethics 
Committee of the university hospital 
and was consistent with the principles 
of the declaration of Helsinki. 

Study outcomes
Severity of AEs was classified ac-
cording to the Common Terminology 
Criteria for Adverse Events (CTCAE, 
version 4.03, 2010, U.S. Department 
of Health and Human Services), which 
is a 5 grade severity system as fol-
lows: 1=mild (asymptomatic or mild 
symptoms, clinical or diagnostic ob-
servation only, intervention not indi-
cated), 2=moderate (minimal, local or 
non-invasive intervention indicated), 
3=severe but not immediately life-
threatening (hospitalisation indicated), 
4=life-threatening consequences (ur-
gent intervention indicated), 5=death. 
Grades 1 and 2 are considered as mild, 
not necessitating admission in hospital, 
while grades 3–5 are considered as seri-
ous. The primary outcome studied was 
the first AE, irrespective of severity, 
encountered during follow-up within 
the hospital. Secondary outcomes were 
the first serious AE, the first infection 
and the first serious infection occurred. 
If a patient had multiple outcomes dur-
ing follow-up, he/she was counted only 
once in the survival analysis.

Treatment groups
Patients with RA who had been treated 
with any bDMARD (since 1997, af-
ter biologic treatment was approved 
in Greece for prospective trials or for 
routine care later on), irrespective of 
any previous or parallel treatment with 
sDMARDs, comprised the “biologic” 
group. In total 434 individuals had re-
ceived one or more bDMARDs, among 
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whom 40% switched to second biolog-
ics. Patients were further separated into 
4 categories according to the specific 
bDMARD they initially received at 
the hospital: infliximab, adalimumab, 
etanercept or any other biologic agent.). 
The remaining 969 patients treated 
only with sDMARDs comprised the 
comparison group (“DMARDS only”) 
and 71% of them (691 cases) had re-
ceived only methotrexate (MTX). The 
rest of patients in the “DMARDS only” 
group had received either leflunomide 
(5%) or other sDMARD (15%) or a 
combination of sDMARDs (9%) in-
cluding MTX for some of them, unless 
contraindicated. 

Assessment of covariates
Baseline information was collected 
for all patients with regard to demo-
graphic and disease related data, while 
for the latter, many of the related vari-
ables were recorded at every visit. 
Among the several variables collected 
were: sex, age at initiation of follow-
up (when receiving the first anti-rheu-
matic treatment), type, duration, dose 
and sequence of administration of each 
drug following the first one, as well as 
erythrocyte sedimentation rate (ESR) 
in 2 categories (<40 and ≥40 mm/
hour), initial and final disease activ-
ity according to Disease Activity Score 
(DAS-28, 3 variables) in 4 categories 
(>5.1, 3.2–5.1, 2.6–3.2 and ≤2.6), ten-
der and swollen joint count, (<5, 6–10 
and ≥11), type of joints (small, large 
or both), extra-articular manifestations 
(no, yes), titers of rheumatoid fac-
tor (RF) in 4 categories (≤49, 50–99, 
100–199 and ≥200 units/mL) including 
an extra category of missing/unknown 
information, smoking status (never, for-
mer, current) and co-morbidities at first 
treatment initiation [cardiovascular dis-
ease (CVD), cancer, metabolic disease 
(diabetes mellitus, dyslipidaemia, obe-
sity), lung disease, gastrointestinal and 
liver disease, tuberculosis, viral hepa-
titis, neuropsychiatric disease, renal or 
thyroid disease]. Mean and cumulative 
(total) dose of steroids were additional-
ly calculated. Tempo of administration 
of each treatment was also subdivided 
into 3 categories and recorded as: very 
early, early and late (≤3, 4–12 and ≥13 

months respectively after the first dis-
ease-related symptoms).

Statistical analysis
For descriptive purposes, study char-
acteristics are presented either as mean 
and standard deviation for continuous 
variables or as frequencies and percent-
ages for categorical variables, by treat-
ment group and by specific bDMARD. 
T-tests (or Kruskal-Wallis non-para-
metric test for the specific bDMARDs) 
and Chi-square tests were applied, re-
spectively. 
Incident rates (IR) of AEs, presented 
as events/100 person-years (PY), and 
the corresponding incident rate ratios 
(IRRs) were calculated based initially 
on all reported events occurred during 
follow-up: individuals in the biologic 
group contributed PY from the initia-
tion of their biologic treatment up until 
the end of the period in which they were 
treated with one or more bDMARDs. 
The duration of follow-up preced-
ing the initiation of bDMARD, during 
which they received any sDMARD(s), 
was included in the comparison group. 
Patients in the “DMARDs only” group, 
contributed PY from the time of ini-
tiation of sDMARD treatment till last 
follow-up time checked. Subsequently, 
rates of the first AE or serious AE (CT-
CAE score 3–5) and the first infection 
or serious infection, as well as the cor-
responding IRRs, were estimated based 
on the PY contributed by patients, only 
for the period from the initiation of the 
bDMARD, or the first sDMARD, up 
until the time which the first AE or in-
fection occurred.
Kaplan-Meier (KM) plots with logrank 
tests were applied and subsequent mul-
tivariate Cox proportional-hazards anal-
yses were performed in order to assess 
the association of the treatment group 
(or the specific bDMARD) with the 
risk of first AE (irrespective of sever-
ity of AE or infection), after adjusting 
for several potential confounders. In all 
models length of follow-up (in months) 
until the first AE was the primary time 
variable and patients without AEs were 
censored at the end of the period of 
follow-up receiving sDMARDs only 
(comparison group) or bDMARDs (bio-
logic group). If an AE occurred after 

the patient had discontinued a biologic 
agent, that event was not included in the 
analysis. We included as confounders in 
the multivariate models those that were 
found to be significantly associated with 
the primary outcome (any AE occurred 
first) or to substantially alter the abso-
lute change of the effect estimate of 
the main exposure variable (treatment 
group) after applying the relevant bivar-
iate Cox models. The proportional haz-
ards assumption was evaluated through 
the use of time-varying covariates. The 
multivariate analyses using the extract-
ed confounders were repeated for the 
secondary outcomes.
Sensitivity analyses were run after ex-
cluding those patients with less than 6 
months of follow-up. Moreover, a) spe-
cific bDMARDs were compared and 
b) for patients being treated only with 
MTX the potential association of mean 
MTX dose with the risk of AE was 
examined. Data were analysed using 
STATA (Stata/SE 11.0. for Windows; 
Stata Corporation, College Station, TX, 
USA).

Results
Patient characteristics
Study-sample characteristics for the 
1403 patients with RA are presented 
in Table I. A higher percentage of both 
tender and swollen joints, extra-artic-
ular manifestations, total steroid dose 
>500 mg and ESR ≥40 mm/hour were 
found in the biologic group, whose 
patients were on average younger 
than those in the comparison group 
(p=0.014, Table I). 

Incident rates and ratios
There were 519 AEs in the biologic 
group with an IR of 35.5 events/100 
PY, corresponding to an IRR of 2.24 
(95% CI: 1.96–2.55), as compared 
with the respective 407 AEs and 15.9 
events/100 PY in the “DMARDs only” 
group (Table II). When the duration of 
follow-up preceding the initiation of 
biologic agent, during which the pa-
tients of the biologic group received 
sDMARDs, was incorporated in the 
“DMARDs only” group, the corre-
sponding number of AEs for this group 
increased to 609 but the IR remained 
substantially lower compared to the 
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Table I. Frequency of adverse events and general characteristics in patients with rheumatoid arthritis by treatment group and specific 
bDMARD.
 
	 sDMARDs	 All 			  Specific bDMARD
	 only	 bDMARDs		  	     taken first
 
			   Infliximab	 Adalimumab	 Etanercept	 Other
Number = 1403	 969	 434	 129	 103	 135	 67

		  n	 %	 n	 %	 p*	 n	 %	 n	 %	 n	 %	 n	 %	 p*

Women		  771	 80	 337	 78	 0.436	 106	 82	 73	 71	 103	 76	 55	 82	 0.161
Incident case		  509	 53	 164	 38	 <0.001	 50	 39	 35	 34	 57	 42	 22	 33	 0.473

Early treatment (in months)						      0.187									         0.205
	 ≤3	 344	 35	 143	 33		  31	 24	 35	 34	 54	 40	 23	 34
	 4 to 12	 329	 34	 137	 32		  43	 33	 33	 32	 39	 29	 22	 33
	 13+	 296	 31	 154	 35		  55	 43	 35	 34	 42	 31	 22	 33

Tender joints  						      <0.001									         <0.001
	 ≤5	 385 	 40 	 133 	 31 		  18 	 14 	 31 	 30 	 56 	 41 	 28 	 42 
	 6 to 10	 257 	 27 	 100 	 23 		  28 	 22 	 22 	 21 	 36 	 27 	 14 	 21 
	 11+	 327	 34	 201	 46 		  83 	 64 	 50 	 49 	 43 	 32 (7)	 25 (5)	 37 (7)

Type of joints						      0.001									         0.001
	 small	 186	 19	 53	 12		  4	 3	 14	 14	 19	 14	 16	 24
	 large	 161	 17	 60	 14		  13	 10	 12	 12	 27	 20	 8	 12
	 both	 622	 64	 321	 74		  112	 87	 77	 75	 89	 66	 43	 64

Extra-articular manifestations		  570	 59	 281	 65	 0.039	 96	 74	 69	 67	 75	 56	 41	 61	 0.012
ESR (in mm/hour) 40+ †		  521	 55	 291	 68	 <0.001	 101	 79	 67	 66	 81	 61	 42	 64	 0.012

RF group (U/mL)						      0.001									         0.012
	 0 to 49	 434	 45	 173	 40		  52	 40	 39	 38	 61	 45	 21	 31
	 50 to 99	 81	 8	 42	 10		  12	 9	 8	 8	 15	 11	 7	 10
	 100 to 199	 83	 9	 41	 9		  15	 12	 5	 5	 9	 7	 12	 18
	 200+ 	 122	 13	 89	 21		  31	 24	 23	 22	 17	 13	 18	 27
missing/unknown		  249	 26	 89	 21		  19	 15	 28	 27	 33	 24	 9	 13

Smoking status						      0.916									         0.001
	 Never	 732	 76	 332	 77		  85	 66	 74	 72	 118	 87	 55	 82
	 Former	 31	 3	 14	 3		  5	 4	 2	 2	 5	 4	 2	 3	
	 Current	 206	 21	 88	 20		  39	 30	 27	 26	 12	 9	 10	 15

Co-morbidities						      0.254									         0.804
	 No	 470	 48	 220	 51		  66	 51	 51	 50	 70	 52	 33	 49
	 Yes	 413	 43	 167	 38		  46	 36	 39	 38	 55	 41	 27	 40
missing/unknown		  86	 9	 47	 11		  17	 13	 13	 13	 10	 7	 7	 10

Initial DAS-28						      0.174									         0.005
	 >5.2	 417	 43	 196	 45		  73	 57	 48	 47	 50	 37	 25	 37
	 3.1 to 5.2	 438	 45	 180	 41		  49	 38	 43	 42	 59	 44	 29	 43
	 2.6 to 3.1	 59	 6	 22	 5		  2	 2	 6	 6	 7	 5	 7	 10
	 ≤2.6	 55	 6	 36	 8		  5	 4	 6	 6	 19	 14	 6	 9

Mean dose of steroids (mg/day)						      0.004									         <0.001
	 None	 219	 23	 71	 16		  10	 8	 10	 10	 39	 29	 12	 18
	 <5	 163	 17	 102	 24		  30	 23	 35	 34	 28	 21	 9	 13
	 5 to <10	 510	 53	 231	 53		  81	 63	 52	 50	 59	 44	 39	 58
	 10+	 77	 8	 30	 7		  8	 6	 6	 6	 9	 7	 7	 10

Total dose of steroids (mg)						      <0.001									         <0.001
	 <500	 719	 74	 293	 68		  83	 64	 73	 71	 87	 64	 50	 75
	 ≥500	 31	 3	 70	 16		  36	 28	 20	 19	 9	 7	 5	 7
	 None	 219	 23	 71	 16		  10	 8	 10	 10	 39	 29	 12	 18

		  mean	 SD	 mean	 SD		  mean	 SD	 mean	 SD	 mean	 SD	 mean	 SD

Age (in yrs)		  55.1	 14.8	 53.0	 14.1	 0.014	 51.6	 12.9	 52.7	 14.9	 51.6	 14.9	 58.9	 12.2	 0.002
Initial DAS-28		  4.9	 1.3	 4.9	 1.5	 0.655	 5.3	 1.3	 5.0	 1.5	 4.6	 1.6	 4.6	 1.4	 <0.001
Tender joints		  9	 7.2	 11	 8.0	 <0.001	 14	 7.4	 11	 8.5	 9	 7.7	 8	 6.8	 <0.001
Swollen joints		  5	 4.3	 5	 3.9	 <0.001	 7	 3.9	 6	 4.6	 5	 4.3	 5	 3.9	 <0.001

*p-value from Chi square test for categorical variables, from t-test for continuous (sDMARDs vs. bDMARDs) and Kruskal-Wallis test for continuous vari-
able in case of specific bDMARDs. †21 cases with unknown/missing information.
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biologic group (IR=18.8). The corre-
sponding IRR became 1.89 (95% CI: 
1.68–2.13). When only the follow-up 
time up until the first AE in both treat-
ment groups was counted in, the me-
dian follow-up until first AE was 10 
months in the “DMARDs only” group 
and 13 months in the biologic group 
(data not shown). The corresponding 
IRR for the biologic group was 2.14 
(95% CI: 1.78–2.58). For the second-
ary outcomes the respective IRRs were 
4.43 (95% CI: 2.83–7.09) for first seri-
ous AE, 5.27 (95% CI: 3.62–7.80) for 
first infection and 7.93 (95% CI: 3.60 
–19.83) for first serious infection. Sup-
plementary Table I illustrates the type 
of infections and adverse events in both 
groups. 

Association of the treatment group 
with the risk of first AE
The KM plots (Fig. 1) depicted that 
the risk of first AE or infection (irre-
spective of severity) was significantly 

Table II. Rates of adverse events (AEs) by treatment group.
 
	 sDMARDs only	 bDMARDs
Number	 969	 434

Including all adverse events and infections (some patients with >1)
PY overall	 2561 (3241*)	 1460
No. of AE overall	 407 (609*)	 519
IR	 15.89 (18.79*)	 35.55
IRR (95% CI)	 ref	 2.24 (1.96 to 2.55)
	 ref*	 1.89 (1.68 to 2.13)
Including only first observed adverse event or infection
PY for first AE	 1809	 750
No. of AE	 252	 224
IR	 13.93	 29.86
IRR (95% CI)	 ref	 2.14 (1.78 to 2.58)
PY for first serious AE	 2508	 1328
No. of serious AE	 29	 68
IR	 1.16	 5.12
IRR (95% CI)	 ref	 4.43 (2.83 to 7.09)
PY for first infection	 2458	 1167
No. of infection	 40	 100
IR	 1.63	 8.57
IRR (95% CI)	 ref	 5.27 (3.62 to 7.80)
PY for first serious infection	 2557	 1371
No. of serious infection	 8	 34
IR	 0.31	 2.48
IRR (95% CI)	 ref	 7.93 (3.60 to 19.83)

*Including follow-up time before 1st bDMARD (n=1403)
PY: person-years; IR: incident rate per 100 person years; IRR: incident rate ratio; 95% CI: 95% confi-
dence interval.

Fig. 1. Kaplan-Meier plots depicting the fraction of patients from the time from onset of first treatment (sDMARD or bDMARD) until the first adverse or 
serious adverse event (A, B respectively) and the first infection or serious infection (C, D respectively) (in months)



221

Treatment-related adverse events in RA / C.E. Lampropoulos et al.

Fig. 2. Kaplan-Meier plots depicting the fraction of patients from the time from onset of first specific biologic treatment (bDMARD) until the first adverse 
or serious adverse event (A, B respectively) and the first infection or serious infection (C, D respectively) (in months).

Table III. Mutually adjusted hazard ratios (HR) and 95% confidence intervals (95%CI) of the risk of the first adverse event (of any sever-
ity), by the indicated variables.

	 Adverse event	 Serious adverse event	 Infection	 Serious infection
	 (476 events)	 (97 events)	 (140 events)	 (42 events)

		  HR	 95% CI	 p	 HR	 95% CI	 p	 HR	 95% CI	 p	 HR	 95% CI	 p

Treatment group	 											         
	 sDMARDs only	 ref			   ref			   ref			   ref		
	 bDMARDs	 1.98	 1.64 to 2.39	 <0.001	 3.95	 2.52 to 6.21	 <0.001	 5.01	 3.41 to 7.35	 <0.001	 6.86	 3.06 to 15.4	 <0.001

Extra-articular manifestations	 											         
	 No	 ref			   ref			   ref			   ref		
	 Yes	 1.29	 1.05 to 1.60	 0.018	 1.39	 0.80 to 2.40	 0.240	 1.54	 0.99 to 2.40	 0.057	 1.51	 0.61 to 3.75	 0.379

Co-morbidities	 											         
	 No	 ref			   ref			   ref			   ref		
	 Yes	 1.19	 0.98 to 1.44	 0.077	 1.54	 1.00 to 2.36	 0.050	 1.28	 0.89 to 1.83	 0.177	 1.19	 0.62 to 2.27	 0.599
	 missing/unknown	 1.02	 0.73 to 1.43	 0.912	 1.04	 0.48 to 2.27	 0.914	 1.25	 0.71 to 2.19	 0.443	 1.00	 0.33 to 3.02	 0.994

Initial DAS-28	 											         
	 >5.2	 ref			   Ref			   ref			   ref		
	 3.1 to 5.2	 0.80	 0.66 to 0.97	 0.026	 0.97	 0.63 to 1.48	 0.897	 0.99	 0.70 to 1.40	 0.964	 1.10	 0.57 to 2.12	 0.766
	 2.6 to 3.1	 0.54	 0.31 to 0.92	 0.024	 2.26	 0.94 to 5.41	 0.067	 1.19	 0.51 to 2.76	 0.693	 4.78	 1.58 to 14.48	 0.006
	 ≤2.6	 0.89	 0.57 to 1.39	 0.615	 0.33	 0.05 to 2.46	 0.281	 0.50	 0.15 to 1.61	 0.246	 1.01	 0.13 to 7.91	 0.992

Total dose of steroids (mg)												          
	 <500	 ref			   ref			   ref			   ref		
	 ≥500	 1.22	 0.94 to 1.58	 0.133	 1.15	 0.71 to 1.85	 0.571	 1.05	 0.69 to 1.57	 0.832	 1.62	 0.83 to 3.16	 0.158
	 none	 0.84	 0.63 to 1.11	 0.211	 0.25	 0.08 to 0.79	 0.018	 0.70	 0.38 to 1.29	 0.250	 0.20	 0.03 to 1.50	 0.116
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higher for the biologic group (all p-
values from logrank tests <0.001). The 
bivariate Cox proportional-hazards 
models showed that none of the poten-
tial confounders appeared to alter the 
hazard ratio (HR) of the main exposure 
(treatment group) by more than 6%. 
The highest relative change (5.6%) was 
observed for total dose of steroids (un-
adjusted HR for treatment group was 
2.03; HR after adjustment for total dose 
of steroids was 1.92). In parallel, extra-
articular manifestations, co-morbidi-
ties, increased initial DAS-28 and total 
steroid dose ≥500 mg were significantly 
associated with a higher risk of first AE 
(data not shown). When introducing the 
four aforementioned variables as po-
tential confounders into the Cox mod-
els, the association of treatment group 
with a risk of any AE which occurred 
first (primary outcome) remained sub-
stantially statistically significant with 
the corresponding HR for the biologic 
group compared to the “DMARDs 
only” group being 1.98 (95% CI: 1.64 
–2.39, Table III). More specific, the risk 
of first AE (when compared to the refer-
ent “DMARDs only” group) was sub-
stantially higher for those individuals 
switching to other biologics (adjusted 
HR=2.56, 95% CI: 2.03–3.24) than for 
those receiving only one biologic agent 
(HR=1.62, 95% CI: 1.29–2.04).   
For the secondary outcomes the adjust-
ed HRs contrasting patients in the bio-
logic group with those in the “DMARDs 

only” group were 3.95 (95% CI: 2.52–
6.21) for serious AE, 5.01 (95% CI: 
3.41–7.35) for infection and 6.86 (95% 
CI: 3.06–15.41) for serious infection 
(data not shown). When individuals 
with less than 6 months of follow-up 
were excluded (318 cases, 23%, data 
not shown) the aforementioned results 
essentially did not alter.

Comparison of specific bDMARDs
The subgroup analysis for the com-
parison across specific biologic agents 
is presented in Figure 2 and Table IV. 
KM plots and univariate Cox analysis 
revealed that patients in the biologic 
group initially treated with infliximab 
(and adalimumab to a lesser extent) had 
a higher risk of any AE when compared 
to patients receiving initially etanercept 
or other bDMARDs. In the analyses of 
the secondary outcomes and especially 
when the event was the first infection 
(or serious infection), those treated with 
adalimumab had a somewhat higher 
risk. These results were slightly less 
pronounced when controlling for po-
tential confounders (Table IV).  

Methotrexate and adverse events
We further examined the potential asso-
ciation of mean MTX dose with the risk 
of first AE when restricting the sample 
to those individuals treated only with 
MTX (681 patients with available in-
formation on dose quantity). The aver-
age dose of MTX was 10.7 mg (±1.9). 

A dichotomous variable was construct-
ed: mean MTX dose of 10 or higher 
(561 patients, referent category) vs. be-
low 10 mg (120 patients). Those with 
a dose below 10 mg had a significantly 
higher risk of any AE when compared 
to those with higher doses (HR=1.55, 
95% CI: 1.12–2.13, p=0.008) (data not 
shown).

Discussion
We have found that the risk of any 
AE, irrespective of severity, was sig-
nificantly increased in RA patients 
treated with bDMARDs, compared to 
those taking sDMARDs. Half of pa-
tients with bDMARDs had at least one 
AE during their observation and the 
adjusted HR contrasting those treated 
with bDMARDs with those receiving 
sDMARDs was 1.98 (95% CI: 1.64–
2.39). Patients treated with infliximab 
and adalimumab were more likely to 
suffer from any AE compared to other 
bDMARD, whereas adalimumab of-
fered a slightly higher risk for infec-
tions in specific. Higher doses of MTX 
did not increase the risk for AEs. 
Our findings are in line with previ-
ous evidence derived from controlled 
studies or registries, indicating higher 
risks of serious infections, tubercu-
losis, herpes zoster, skin and soft tis-
sue infections and pneumonia from 
common pathogens or opportunistic 
infections, associated with biologics 
(8, 11-18). Associations between anti-
TNF-α treatment and Guillain-Barré 
syndrome, autoimmune diseases, inter-
stitial lung disease and psoriasis were 
described (19-21). The risk for lym-
phoma, skin cancer, melanoma or non-
melanoma tumours in patients receiv-
ing anti-TNF-α therapy was described 
and considered as a dose-dependent 
phenomenon (22-27).
On the contrary, many studies suggest 
that biologic treatment is equally safe to 
conventional therapy (28-30). Biolog-
ics and especially anti-TNF-α agents 
were not associated with increased risk 
of pneumonia, other serious skin or soft 
tissue infections or reactivation of viral 
hepatitis, even by considering the ob-
servation time after instituting of these 
agents (31-37). The risk of lymphoma, 
other malignancies, demyelinating dis-

Table IV. Crude and mutually adjusted hazard ratios (HR) and 95% confidence intervals 
(95%CI) of the risk of the first adverse event (of any severity) by different bDMARD taken 
at baseline.

 	 Adverse	 Serious	 Infection	 Serious
	 event	 adverse event		  infection
	 n=434	 (224 events)	 (68 events)	 (100 events)	 (34 events)

 	 HR	 p	 HR	 p	 HR	 p	 HR	 p

Crude		 	 	 		 	 	        
	 Infliximab	 ref	 	  ref	 	  ref	 	  ref	 
	 Adalimumab	 0.78	 0.129	 0.57	 0.071	 1.19	 0.457	 1.09	 0.826
	 Etanercept	 0.62	 0.005	 0.38	 0.011	 0.58	 0.065	 0.60	 0.332
	 Other	 0.43	 0.001	 0.84	 0.663	 0.81	 0.560	 1.22	 0.727

Mutually adjusted*		 	 	 		 	 	        
	 Infliximab	 ref	 	  ref	 	  ref	 	  ref	 
	 Adalimumab	 0.84	 0.292	 0.54	 0.058	 1.19	 0.463	 1.10	 0.819
	 Etanercept	 0.67	 0.032	 0.39	 0.019	 0.63	 0.140	 0.72	 0.559
	 Other	 0.45	 0.003	 0.69	 0.370	 0.77	 0.481	 0.97	 0.958

*After controlling for the following potential confounders: extra-articular manifestations, co-morbidities, 
initial DAS-28 and total dose of steroids.
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ease, acute coronary syndrome or over-
all mortality was not increased with bio-
logics (38-44). An explanation for these 
discrepancies probably lies around in 
the field of study design, or the clinical 
practice adopted by each centre that of-
fers data to national registries. 
Studies have shown that apart from 
therapy, co-morbidities, high disease 
activity (HDA) and the use of gluco-
corticoids may contribute to AEs and 
particularly to infections (45-50). RA 
in Greek patients is milder than in 
Northern Europeans and the sex-, age, 
and disease duration adjusted rates of 
remission in Greek patients were the 
highest among patients from other Eu-
ropean countries, thus the side effects 
should be attributed to therapy, rather 
than to disease activity (51, 52). The 
milder course of the disease could par-
tially explain the lower incidence rates 
of AEs, especially those of serious in-
fections, compared to previous reports 
(2.48/100PY in the biologics group and 
0.31/100PY in the DMARDs group 
compared to 5-6/100PY in the biologics 
generally) (53). On the other hand the 
above data raise the question whether 
our patients have been over-treated with 
biologics. This is not probably the case 
since only 31% of our patients received 
biologics and only 10% of them did so 
within the first 3 months of treatment, 
implying that the patients have not been 
treated aggressively.
Strengths of the study were its long 
duration of observation and the level 
of detail including the continuous re-
cording of complete information (co-
morbidities, switching of therapy and 
unpredictable factors that affect doc-
tor’s judgment) about patients’ condi-
tion and treatment, biologic or con-
ventional, which allowed us to provide 
a clear, real-world picture of RA pa-
tients. The retrospective nature, miss-
ing data of the HAQ scores and the 
small mean dose of MTX favouring 
better outcomes in terms of AEs, were 
among the limitations. Previous stud-
ies showed that high doses of MTX 
were related to more frequent and se-
rious AEs while lower doses showed a 
favourable long-term safety (54, 55). 
Nevertheless, our sDMARD treatment 
results (remission 30.7%, low disease 

activity 20.3%, medial disease activity 
22% and HDA 27%) were comparable 
to that of prospective studies and in par-
ticular the MASCOT study, avoiding 
administration of high doses of MTX 
(56). Another limitation, finally, was 
that patients were classified into disease 
groups, as operationally defined, based 
on the information collected only after 
their initial visit at the university hospi-
tal, meaning that there could be a left-
censoring bias since we were not aware 
of the potential occurrence of any AEs 
prior to their entry to the study.   

Conclusions
Biologic agents were more likely to in-
crease the risk of any AE (irrespective 
of severity), in patients with RA and 
should be carefully administered after 
consideration of the possible risks and 
benefits for each patient. Nevertheless, 
in one third of RA patients with severe 
disease, the benefits of biologic treat-
ments probably overweigh the risks 
for AEs. Further research is needed to 
investigate the equilibrium between ef-
fectiveness and toxicity across biologic 
agents or to examine whether early 
drug treatment could be beneficial.  
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