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Introduction
Rheumatoid arthritis (RA) is a chronic, progressive 

inflammatory condition that can lead to significant disability 
and joint pain. Various studies have found that RA itself 
as well as the drugs used in its management (particularly 
immunosuppressants and steroids) may lead to serious 
infections (SI). Serious infections maybe defined as an infection 
that requires hospitalization with or without IV antibiotics or 
leading to significant disability/incapacity [1]. Many trials have 
shown that biological agents significantly control signs and 
symptoms, slow progression and improve function and quality 
of life of patients with early or long-standing RA [2]. However, 
biological agents also play an important role in host defense 
and may be associated with increased risk of serious infections 
(SI) [3-7]. The aim of this study was to evaluate the risk of SI  

 
among patients with RA treated with the three biological agents 
licensed in Malaysia namely Tocilizumab (TCZ), Etanercept 
(ETN) and Adalimumab (ADA).

Methods

Patients and Study Design
This study was designed to compare the risk of SI between 

biological agents used to treat RA. We used all electronic medical 
records of RA patients following up at medication therapy 
adherence clinic (MTAC) at a tertiary hospital in Malaysia. All 
medical records of RA patients on biologics from the period 
of 1st January 2010 to 31st August 2018 were screened and 
reviewed. Each enrolled patient’s medical record was traced for 
up to one year starting from date of receiving biologics until the 
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clinical outcome (serious infection) takes place. The treatment 
effect of the following three biological agents on the incidence 
of SI was compared in this study: tocilizumab, adalimumab, 
and etanercept. An outcome was the first incidence of SI during 
the follow-up periods [8]. If a patient was switched to another 
biological agent, the subsequent follow-up will be considered 
for the new biological agent. Events were attributed to the most 
recent drug [9].

Statistical Analysis 
Data were analysed using the Statistical Package for Social 

Sciences (SPSS) software version 22. Fisher’s Exact test was used 

for categorical variables. The incidence rates (IRs) of serious 
infection were calculated by dividing the number of incidence 
cases by the number of corresponding biologic-exposed person-
years (PYs) for each treatment group. Cumulative infection-free 
time during 1 year of follow-up period for each treatment group 
was computed from life tables using the Kaplan-Meier approach. 
Log rank test was used to compare estimated infection-free 
time for the three biological drugs. Cox regression hazard model 
was used to calculate the adjusted HR (hazard ratio) for each 
biological agent. Binary Logistic Regression test was used to 
calculate adjusted odds ratios (ORs) for potential confounders. 
P-value < 0.05 was used for significance Table 1. 

Table 1: Baseline demographic and clinical characteristics of RA patients.

All Patients  (n=57) Adalimumab (n = 15) Etanercept (n = 22) Tocilizumab (n = 20)

Age

years, median (IQR) 54 (20) 46.7 (13.9) 57.5 (20) 55.5 (14)

Gender

 Female 44 (77.2%) 9 (60%) 17 (77.3%) 18 (90%)

 Male 13 (22.8%) 6 (40%) 5 (22.7%) 2 (10%)

Race

 Malay 30 (52.6%) 10 (66.7%) 11 (50%) 9 (45%)

 Indian 19 (33.4%) 3 (20%) 8 (36.4%) 8 (40%)

 Chinese 8 (14%) 2 (13.3%) 3 (13.6%) 3 (15%)

Clinical Characteristics

 DM 15 (26.3%) 4 (26.7%) 7 (31.8%) 4 (20%)

 Lung fibrosis 19 (33%) 2 (13.3%) 5 (22.7%) 12 (60%)

 Long term use of steroids 9 (15.8%) --- 3 (13.6%) 6 (30%)

Results

Demographic and Clinical Characteristics of RA 
Patients at the Start of Biological Agents

Our study findings showed that the median age of the RA 
patients was 57 (± 20) years with majority of them less than 60 
years old (66.7%). In addition, most of RA patients were females 
and represent the highest percentage in tocilizumab group 
(90%) followed by ETN group and ADA group respectively. 
Ethnic distribution showed that more than half of the patients 
were Malay (52%), followed by Indian patients (19%) and 
Chinese patients (8%) respectively. It was noted that more than 
half of the patients in tocilizumab group had lung fibrosis and 
about one third of the patients in etanercept group had DM.

Type and Frequency of Serious Infections among the 
Three Biological Agents 

A total of 8 serious infections were identified during one 
year of follow-up after start of biological agents. The most 
common SI was respiratory tract infections (87.5%, including 
5 cases of bacterial pneumonia, one case of acute pharyngitis 
and one case of TB) followed by Skin and soft-tissue infections 
(SSTI) (12.5% including one case of varicella zoster infection). 

Tocilizumab was associated with higher rate of SI (50% of SI 
cases including 3 cases of URTI and one case of SSTI) followed 
by etanercept (37.5% including one case of TB and 2 cases of 
bacterial pneumonia) and adalimumab (12.5% including one 
case of acute pharyngitis) respectively as shown in Table 2.

Table 2: Frequency of serious infections by infection site sub divided 
according to the type of the biological agent used.

Total n 
(%)

ADA n 
(%)

ETN n 
(%) TCZ n (%)

All SIs, n (%) 8 1 (12.5) 3 (37.5) 4 (50)

Respiratory 
infections 7 (87.5)    

Acute 
pharyngitis 1 (12.5) 1 (100) --- ---

TB 1 (12.5) --- 1 (33.3) ---

Bacterial 
pneumonia 5 (62.5) --- 2 (66.7) 3 (75)

Skin and soft 
tissue infections 

(SSTIs)
1 (12.5)    

Varicella zoster 1 (12.5) --- --- 1 (25)
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Incidence and Risk of Serious Infections among the 
Three Biological Agents

The total incidence of SI was 8 events, yielding an IR of 14 
per 100 PYs (person-years), while the censored cases were 
49 (86%). The IRs across the different three biological agents 
were 6.7 per 100 PYs in adalimumab group, 13.6 per 100 PYs 
in etanercept group and 20 per 100 PYs tocilizumab group. A 
total of 7 RTI were identified yielding a crude IR of 12.3 per 100 
PYs: adalimumab IR was 6.7 per 100 PYs, 13.6 per 100 PYs in 
etanercept group and 15 per 100 PYs in tocilizumab group. The 
crude HR (95% CI) for adalimumab was 0.348 (0.039 – 3.118), 
p=0.346 and for etanercept is 0.669 (0.150 – 2.992), p=0.599 
compared with tocilizumab. Although the crude HR of etanercept 
was higher than crude HR of adalimumab when compared with 
tocilizumab, but this difference of HR among the three biologics 
was not statistically significant as shown in Table 3. 

Table 3: Comparison of crude HR between the three biological agents.

Biological Agentsa Crude HR 95% CI P-value

Adalimumab 0.348 0.039 – 3.118 0.346

Etanercept 0.669 0.150 – 2.992 0.599

Note: aCompared with tocilizumab using Cox regression hazard 
model

Adjustment of Predictors
Our study showed that lung disease was determined as a 

true predictor in the adjusted model, adjusted OR (95% CI) was 
7.498 (1.043 – 53.903), p=0.045. Other potential confounders 
not identified as true predictors, adjusted OR (95% CI) for long 
term use of steroids was 3.076 (0.42 – 22.543), p=0.269, and for 
age was 0.875 (0.123 – 6.203), p=0.894, as shown in Table 4.

Table 4: Adjusted OR of predictors.

Adjusted OR 95% CI P-value

Age < 60 years olda 0.875 0.123 – 6.203 0.894

Comorbidities

 Lung diseaseb 7.498 1.043 – 53.903 0.045

Long term use of 
steroidsc 3.076 0.42 – 22.543 0.269

Notes: Binary logistic regression 
aCompared with ≥ 60 years old, 
bCompared with patients with no lung disease, 
cCompared with patients not given steroids for long term.

Discussion
Type of SI among the three biological agents.

Our study identified 8 serious infections among RA patients 
taking biologics during one year of follow up. The most frequent 
type of serious infections was respiratory tract infections 
(87.5%) followed by skin and soft tissue infections (12.5%). 
These findings are consistent with the results of a systematic 
review [3], which concluded that the most common sites of 
infection are the respiratory tract (including pneumonia), skin 

and soft tissues, and the urinary tract. The pattern of infection in 
a prospective cohort study in UK was reported as the respiratory 
infections were the most frequently documented class of 
infections followed by skin and soft tissue infections [10]. The 
most commonly reported site of SI consistently across studies is 
lower respiratory tract infection followed by skin and soft-tissue 
infections. Other common infection sites are bone and joint 
infections and urinary tract infections [11]. In a study comparing 
risk of hospitalized infections between TNF inhibitors and non-
TNF inhibitors, it addressed that the most common infections 
were pneumonia (37%), skin/soft tissue (22%), urinary tract 
(9%), and bacteremia/sepsis (7%) [12].

Furthermore, our study showed significant association 
(p=0.013) between lung diseases and the incidence of SI. The 
reason can be explained by genetic factors, or variations in 
human leukocyte antigen (HLA) associated with interstitial 
lung disease (ILD) in RA patients which increase the risk of 
RTI [13]. Also, this association of genetic factors with ILD was 
tested in another study [14], which suggested that the variation 
in HLA was associated with increased risk for ILD in Japanese 
patients with RA. Another study suggests the association of the 
high levels of anti-citrullinated autoantibodies with pulmonary 
manifestations of RA-ILD [15]. The chronic inflammation in RA 
affects pulmonary airways, vasculature, pleura, parenchyma, all 
can be affected with variable degrees of pathologic inflammation 
[16]. Lower respiratory tract infections are more frequent in 
patients with bronchiectasis associated RA who are receiving 
biologics [17].

In a systematic literature review evaluated the association 
between newer biologics and development of lung diseases, its 
results highlighted an association between the use of newer 
biologic agents (tocilizumab), and the development of non-
infectious parenchymal lung disease in patients with RA [18]. 
Our study showed that a total of 7 RTI were identified yielding 
a crude IR of 12.3 per 100 PYs: adalimumab IR was 6.7 per 
100 PYs, 13.6 per 100 PYs in etanercept group and 15 per 
100 PYs in tocilizumab group. There are conflicting evidences 
between studies addressing the association between the type of 
infection and different biological agents. A study reported that 
adalimumab had a higher risk of respiratory SI compared with 
tocilizumab, while the risk of serious SSTI in tocilizumab group 
was higher than adalimumab group [5].

Another study conducted in Italy [8], it concluded that 
adalimumab had a higher risk of respiratory SI and SSTI than 
etanercept. In a study [19], conducted in Germany using the 
Dutch Rheumatoid Arthritis Monitoring registry showed that 
ADA was associated with higher rate of lower RTI and SSTI than 
ADA. On the contrary, other studies suggesting that tocilizumab 
has higher rate of serious respiratory tract infections than 
ADA and ETN, like this prospective cohort study conducted in 
UK [10], which reported that tocilizumab had a higher rate of 
serious respiratory tract infections than ADA and ETN, but 
these findings were no longer statistically significant in the fully 
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adjusted model. Tocilizumab had superior efficacy compared 
with adalimumab suggesting that it may be a more potent drug 
which could provide a biologically plausible link to a higher 
infection rate as shown in this RCT [20]. 

Risk of SI between the three Biological Agents
Our study showed that tocilizumab was associated with the 

highest IR of SI (20% per 100 PYs) among the three biologics 
followed by ETN IR (13.6% per 100 PYs) and ADA IR (6.7% 
per 100 PYs) respectively. Although crude HR (95% CI) for 
etanercept is 0.669 (0.150 – 2.992), p=0.599 was higher than that 
of adalimumab 0.348 (0.039 – 3.118), p=0.346 when compared 
with tocilizumab, but this difference was not statistically 
significant. These results are consistent with the results of this 
meta-analysis [21], which included 163 RCTs, it identified that the 
risk of SI between etanercept and adalimumab were statistically 
insignificant compared to control. Another systematic review 
and meta-analysis [22] concluded that tocilizumab has higher 
IR of SI 5.45 (4.26, 6.96), than TNFi 4.90 (4.41, 5.44). The same 
results from ADACTA RCT [20] which compared tocilizumab 
monotherapy versus adalimumab monotherapy for treatment of 
rheumatoid arthritis, it reported that tocilizumab had a higher 
risk of SI compared with adalimumab, but this difference was 
not statistically significant. It also founded that tocilizumab had 
superior efficacy compared with adalimumab suggesting that it 
may be a more potent drug which could provide a biologically 
plausible link to a higher infection rate.

In a recent prospective cohort study conducted in UK [10] 
reported that tocilizumab had a higher rate of SI than etanercept 
and adalimumab, but these findings were not statistically 
significant in the fully adjusted model. The results from a large 
retrospective cohort study [23] compared the risk of SI between 
specific biologic agents. It concluded that the adjusted HR (95% 
CI) for etanercept was 1.24 (1.07–1.45) and had higher significant 
risk than tocilizumab and adalimumab. In contrast, the results 
of this multicenter cohort study conducted in Japan [5], which 
identified that adalimumab was significantly associated with 
a greater risk of serious infection compared with tocilizumab, 
which is consistent with the results of a meta-analysis [24], which 
compared safety of TNF inhibitors, concluded that adalimumab, 
was associated with higher risk of SI.

 In an observational study conducted in Taiwan using the 
national registry of RA patients [25] concluded that adalimumab 
has a higher risk of serious infection than etanercept. Another 
observational study conducted in Germany [19] using the 
Dutch Rheumatoid Arthritis Monitoring (DREAM) registry of 
RA patients to compare risk of serious infection in RA patients 
treated with etanercept, adalimumab and infliximab. This study 
founded that the risk of serious infections in patients with RA 
treated with adalimumab or infliximab was similar, while the risk 
of serious infections in patients with RA treated with etanercept 
was lower than with adalimumab. Another prospective cohort 
study conducted in Japan [26] using the registry of Japanese 
RA patients on biologics for long-term safety (REAL) registry 

to evaluate the risk of serious infections in RA patients treated 
with tocilizumab compared with TNF inhibitors adjusting for 
covariates using Cox regression hazard analysis. This study 
concluded that no significant difference between TCZ and TNFIs 
regarding the incidence of serious infection.

This risk has been closely studied over the last 18 years 
and there are conflicting evidences about the risk of serious 
infections between different biological agents. The inconsistent 
results of studies may be due to lack of adequately powered 
head-to head randomized clinical trials evaluating serious 
infections as the outcome. The results of studies using registries 
and administrative databases to assess the risk of serious 
infections among RA patients treated with different biological 
agents are inconsistent. For example, one study [19] using the 
Dutch Rheumatoid Arthritis Monitoring registry showed that the 
risk of serious infection in RA patients treated with etanercept 
was lower than that in patients treated with adalimumab. In 
contrast, another previous study [10] using the British Society 
for Rheumatology Biologics Register did not find significant 
differences between adalimumab and etanercept, [23].

Predictors that may Affect Incidence of SI
Although our study showed significant association between 

lung diseases (p=0.013), long term use of steroids (p=0.016) and 
the incidence of SI, but only lung diseases was determined as 
a true predictor in the adjusted model, lung diseases adjusted 
OR (95% CI) was 7.498 (1.043 – 53.903), p=0.045, while other 
potential confounders not identified as true predictors, adjusted 
OR (95% CI) was 3.076 (0.42 – 22.543), p=0.269 for long term 
use of steroids, and was 0.875 (0.123 – 6.203), p=0.894, for age. 
Other studies identified some predictors like DM, advanced age, 
long term use of steroids, and lung diseases, which were not 
determined as true confounders in our study, may be due to 
small sample size. In a study in Japan [27] evaluating the risk 
of SI in RA patients treated with TNF inhibitors over 3 years, it 
reported that the increasing age, chronic pulmonary diseases 
(include interstitial pneumonia, chronic obstructive pulmonary 
disease, bronchial asthma, prior pulmonary tuberculosis, and 
bronchiectasis) and prednisolone use 10 mg/day or more were 
significantly associated with SI.

 Another study [12] reported that older age, chronic 
obstructive pulmonary disease (COPD), and higher prednisone 
dosage (>7.5 mg/day) were associated with a significantly 
increased risk for infection. In a multicenter retrospective 
cohort study in Japan [5] founded that BMI, prednisolone use, 
diabetes mellitus, and chronic lung disease were also significant 
factors associated with the risk of pulmonary hospitalized 
infection in RA patients taking biologics. In this study [8], the 
results confirmed that the true confounders are advanced age 
at the start of treatment and steroid use were both associated 
with a higher risk of adverse events, but didn’t identify that 
the comorbidities like DM and chronic lung disease as true 
confounders which didn’t increase the risk of SI in this study. 
With regards to lung diseases as a strong predictor identified 
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in most of the studies, the genetic changes in RA contribute 
significantly to the development of interstitial lung disease 
(ILD). As a result, the lung diseases increase the risk of SI in RA 
patients [13].

Another study [14] identified the association of genetic 
factors with ILD in Japanese patients with RA, which resulted 
in increased risk of SI in RA patients. The high levels of anti-
citrullinated autoantibodies were associated with pulmonary 
manifestations of RA-ILD as documented in this study [15]. 
The chronic inflammation in RA affects pulmonary airways, 
vasculature, pleura, parenchyma, all can be affected with 
variable degrees of pathologic inflammation [16]. Lower 
respiratory tract infections are more frequent in patients 
with bronchiectasis associated RA who are receiving biologics 
[17]. Also, MTX induced pneumonitis and other MTX induced 
pulmonary toxicities increase risk of respiratory infection [28].

With regards to DM, in a case control study [29] describing 
the association of DM with developing skin and soft tissue 
infections in RA patients taking TNF inhibitors, it concluded 
that patients with diabetes mellitus and those with a history 
of prior skin infection were significantly more likely to have 
SSTI. Diabetes mellitus is considered a risk factor, because the 
specific defects in innate and adaptive immune function which 
have been identified in diabetic patients [30] contribute to 
increased risk of infection. Hyperglycemic environment that 
favors immune dysfunction such as damage to the neutrophil 
function, depression of the antioxidant system, and humoral 
immunity, leading to decrease in the antibacterial activity, and 
consequently high risk of infections [31].

With regards to advanced age as a risk factor, physiological 
ageing is accompanied by decline in immune system function 
and immune alteration during ageing increases susceptibility to 
infections. This is due to progressive declines in the percentage of 
total lymphocytes and absolute numbers of T and B cells. The NK 
cells declined from infancy to adulthood but increased in elderly 
patients [32]. The decline in immature, innate and adaptive 
immune system in old age is considered as high risk of different 
types of infection, autoimmune disease and malignancy [33]. 
This study [9] addressed that the advanced age is an important 
risk factor for developing SI in RA patients and may be due to 
steroid use. The long-term use of steroids put the RA patients 
at high risk of SI as the immunomodulatory effect, alteration 
in gene transcription, and the power of steroids to induce 
lymphocyte apoptosis, all explain steroids’ immunosuppressive 
activity [34]. Long term use of steroids is associated with high 
risk of infection due to gene targeting alteration which enhance 
apotosis of some immune cells [35].

Limitations of the Study
A retrospective study cannot assess causality, under powered 

study due to small sample size, and the effect of different doses 
of biological agents on incidence of SI was not included in the 
study. 

Conclusion
The incidence of SI was not determined by the type of 

biological agents. Lung disease was a significant factor associated 
with the risk of RTI.
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