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Review Article

Rituximab, a Safer Option for  
Rheumatoid Arthritis: A Comparison  
of the Reported Adverse Events of  
Approved Monoclonal Antibodies

Sweety Sharma1, Somnath Basu2, Ramesh K. Goyal1, Parbhat K. Sahoo3  
and Rajani Mathur1

Abstract

Monoclonal antibodies (mAbs), which are commonly used to treat rheumatoid arthritis (RA), have been linked to a variety of 
adverse events (AEs). The objective of the study was to compare the safety profiles of six FDA approved mAbs (sarilumab, 
tocilizumab, adalimumab, golimumab, infliximab, and rituximab) marketed for the treatment of RA. A systematic review of the 
literature was conducted using the databases PubMed, Cochrane Library, and Science Direct. The manuscript comprised a 
total of 23 clinical studies. The percentage of patients who had AEs was calculated and presented using box-whisker and forest 
plots. Infections and infestations were found to be the most common AEs in RA patients treated with mAbs. Raised alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), upper respiratory tract infection (URTI), and nasopharyngitis  were 
frequently reported. The most common AEs were reported with adalimumab. The highest percentage of patients reporting 
AEs was associated with golimumab (52%), while rituximab had the fewest AEs (4.9%). In conclusion, rituximab appears to 
be a safer treatment option for RA as it is found to be associated with a lower risk of AEs, particularly respiratory infections.
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Introduction

Rheumatoid arthritis (RA) is a long-term autoimmune and 
inflammatory disorder that is characterized by painful, 
swollen joints, persistent synovitis, and autoantibodies, 
accounting for a large percentage of disability worldwide. 
Globally, RA was found to affect 460 people per 100,000 
people during the period of 1980–2019.1

The conventional management of RA includes 
pharmacological therapy with disease-modifying antirheumatic 
drugs (DMARDs) [which includes chemically synthesized 
(csDMARDs), biological origin (boDMARDs), biosimilar 
(bsDMARDs), and targeted synthetic (tsDMARDs)], 
nonsteroidal anti-inflammatory drugs (NSAIDs), and steroids, 
along with non-pharmacological measures such as physical 
therapy, emotional support, and rest. The updated guidelines 
from the European Alliance of Associations for Rheumatology 
(EULAR) and the American College of Rheumatology (ACR) 
recommend that DMARDs should be started as soon as 
possible after diagnosis and that ts/bDMARDs should be 

added if treatment goals are not achieved. The use of 
corticosteroids has been advised with regular monitoring of 
disease progression and adverse events (AEs), as they can 
increase the risk of infections, especially viral ones. As the 
management of RA usually spans a lifetime, the high risk of 
AEs with existing therapy poses a practical challenge. The 
rheumatologists are progressively looking at biological drugs, 
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particularly monoclonal antibodies (mAbs), as a viable option.2 
In the current COVID-19 pandemic, the management of 
patients with RA has been fraught with numerous challenges. 
First, these patients have a higher risk of COVID-19 infection 
than the general population; second, the outcomes are 
worsened by COVID-19 infection; and third, during 
lockdowns, these patients experienced increased pain and 
functional impairment that severely affected their quality of 
life (QoL) and mental health.3 Although most of the guidelines 
advised patients to continue the ongoing treatment, including 
NSAIDs, glucocorticoids (GCs), and cs/ts/bDMARDs, in 
clinical settings, the choice of therapy was often governed by 
the increased risk of AEs, particularly during COVID-19 
infection and the subsequent recovery period.

Biological drugs/mAbs are most often used for the 
treatment of RA, particularly during the COVID-19 pandemic. 
The mAbs that have been approved for the treatment of RA 
(sarilumab, tocilizumab, adalimumab, golimumab, 
infliximab, and rituximab) have also been repurposed for use 
in the COVID-19 prevention and/or management.4 The 
overview of approved mAbs is presented in Table 1.5

To the best of authors’ knowledge, scattered, singular 
reports of AEs and serious AEs associated with mAbs in RA 
treatment are available, but a comprehensive comparison of 
the safety profile is not available in the literature. This is 
essential as it can assist the clinicians to make rational drug 
choices that can improve QoL and safety of the patients, 
especially in the COVID-19 scenario, and the present 
systematic review addresses this lacuna.

Material and Methods

Search Strategy: The study was performed in conformity 
with the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) statement and in compliance 
with the ethical and regulatory guidelines of the country.6 A 

systematic search was conducted to look for clinical studies 
(randomized clinical trials (RCTs) and observational studies) 
reporting the safety of mAbs in patients with RA. A boolean 
strategy was used to identify relevant clinical studies from 
PubMed, Cochrane Library, and Science Direct databases, 
using the following keywords: ‘Pharmacovigilance’ OR 
‘safety’ AND ‘rheumatoid arthritis’ AND ‘monoclonal 
antibody’, while restricting the search to Titles/Abstract only. 
Additionally, an updated manual search using references 
from the previous systematic reviews was performed on 
August 3, 2021, to identify any additional relevant articles. 
The full text of the relevant articles was then screened as per 
the inclusion/exclusion criteria discussed below. Patients 
with RA who were treated with common dosage forms of 
mAbs were selected from clinical studies for the systematic 
review.

Inclusion and Exclusion Criteria: The clinical studies 
published in English language in the period between 2011 
and 2020 were included. Eligibility criteria were the RCTs 
and cohort studies reporting safety data of mAbs in patients 
with RA. This systematic review excluded articles that were 
about study protocols, experimental mAbs, diseases other 
than RA, healthy subjects, or did not meet the predefined 
outcomes.

Data Extraction: The primary sources of data were all 
clinical studies that reported AEs in RA patients treated with 
mAbs. The data were extracted under the following fields in a 
Microsoft Excel sheet: title of study, author, study design, 
country in which the study was conducted, patient selection 
(inclusion and exclusion criteria), sample size, publication 
year, patient age, type and dosage of mAbs, AEs reported, and 
treatment groups.

Data Analysis: The primary parameter was the occurrence 
of AEs associated with the use of mAbs for the treatment of 
RA along with the perturbations in the biochemical parameters 
such as raised alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST). All data were analysed and 

Table 1. Overview of Approved mAbs Used for the Treatment of RA.5

mAbs (Brand Name)
FDA- 

approval Year Structure Target Dosing

Adalimumab (Humira) 2002 Humanized mAb TNF 40 mg s.c. every other week

Certolizumab pegol (Cimzia) 2009 Humanized PEGylated 
Fab fragment

TNF 400 mg s.c. at weeks, 0, 2, and 4, then 200 
mg every other week

Golimumab (Simponi) 2009 Humanized mAb TNF 50 mg s.c. once a month

Infliximab (Remicade) 1999 Chimeric mAb TNF 3 mg/kg at 0, 2, and 6 weeks, then q8w 
through i.v infusion

Rituximab (Rituxan) 2006 Chimeric mAb CD20 (B-cells) 1,000 mg i.v. 2 weeks apart

Sarilumab (Kevzara) 2017 Humanized mAb IL-6R 200 mg s.c. every other week

Tocilizumab (Actemra) 2010 Humanized mAb IL-6R 4 mg/kg q4w i.v then up to 8 mg/kg q4w
162 mg every s.c other week, than qw  
(wt < 100) or 162 mg qw (wt ≥ 100)

Abbreviations: IL-6, interleukin 6; i.v., intravenous; mAbs, monoclonal antibodies; qw, every week; q4w, every 4 weeks; q8w, every eight weeks; S.C, 
subcutaneous; TNF, tumor necrosis factor.
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expressed as the percentage of RA patients who presented 
with the AEs associated with the use of mAbs.

Data Synthesis: The analysed data was synthesized and 
reproduced to establish an association between the use of 
mAbs and the presentation of AEs in patients with RA. The 
pooled prevalence of AEs with a 95% confidence interval 
(CI) was calculated and presented as a forest plot. The 
heterogeneity was identified using I2 statistics. All data 
analysis was performed using GraphPad Prism version 9.0.0 
and MedCalc version 20.109.

Results

Search Results and Study Selection: The web-based 
search of PubMed, Cochrane Library, and Science Direct 
databases as per the predefined search terminologies 
yielded 1,157 articles. The titles and abstracts of these 
1,157 articles were manually screened according to 
predefined inclusion and exclusion criteria. Of the 1,157 
articles, 1,125 were discarded based on exclusion criteria. 
The full text of the remaining 32 articles was evaluated for 
eligibility, of which 9 were excluded since they did not 
pertain to the relevant data. Finally, 23 unique articles 

fulfiling the eligibility criteria were included in this 
systematic review (Figure 1).

Characteristics of Studies: The included studies have 
evaluated AEs for sarilumab (N = 131), tocilizumab (N = 
1163), adalimumab (N = 1100), golimumab (N = 567), 
infliximab (N = 647), and rituximab (N = 413), where N is the 
number of patients. The majority of the included studies (21 
RCTs and 2 cohort studies) were published in the years 2014 
and 2016. These studies were conducted either multi-
nationally or in Europe. The maximum number of included 
studies pertained to the safety and efficacy of tocilizumab in 
patients with RA. The fewest included studies pertained to 
infliximab and sarilumab. The study duration for the clinical 
studies ranged from 12 to 261 weeks.

Demographics and Disease Characteristics: A 
standardized summary of the demographical differences in 
the included studies is presented in Table 2. The present 
systematic review of 23 unique studies analyses data from 
4,021 patients with RA on treatment with one of the six 
mAbs. The mean age of patients ranged from 48 to 65 years, 
and 79% of the patients were female while 21% were male. 
The mean duration of RA was in the range of 0.3–14.7 years. 
In clinical studies, the most common criteria for patient 
selection were (a) RA diagnosis duration of ≥6 months, (b) 

Figure 1. PRISMA Flowchart Depicting the Selection Process of Included Studies.

Abbreviations: RA, rheumatoid arthritis; CT, clinical trials; mAbs, monoclonal antibodies.
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swollen joint count of ≥6, (c) tender joint count ≥8 and, and 
(d) C-reactive protein (CRP) ≥1 mg/dL.

Adverse Events (AEs)

AEs are any unfavorable and unintended signs, including 
abnormal laboratory results, symptoms, or a disease 
associated with treatment.

The reported AEs from each unique study were categorized 
according to System Organ Class (SOC), which are groupings 
by etiology (e.g., infections and infestations), manifestation 
site (e.g., gastrointestinal disorders), or purpose (e.g., surgical 
and medical procedures). In addition, there is a SOC to 
contain issues pertaining to products and one to contain social 
circumstances. The reported AEs were subcategorized 
according to the preferred term (PT). The proportion 
percentage of patients reporting specific AEs with different 
mAbs are presented in Table 3.

Proportion of AEs: The random-effects model was chosen 
to pool individual studies. All studies reported the proportion 

of patients with AEs following mAb therapy. The pooled 
proportion estimate (PP = 0.73; 95% CI = 0.64, 0.81; 4,021 
patients; 23 studies) from these studies revealed that 73% of 
the patients receiving mAb had presented with AEs (Figure 2).

AEs Related to Infections and Infestations: AEs related 
to infections and infestations were the most frequently 
reported in all the included studies. Among infections and 
infestations, upper respiratory tract infection (URTI), 
nasopharyngitis, and pneumonia were the most frequent AEs.

URTI was reported in 12 studies. The proportion of patients 
reporting AE was 14.9% and 5.3% with golimumab and 
sarilumab, respectively. Nasopharyngitis was reported in 13 
studies. The proportion of patients reporting nasopharyngitis 
was 10.6% and 6.3% for sarilumab and adalimumab, 
respectively. Urinary tract infection (UTI) was reported in 7 
studies. The proportion of patients reporting UTI was 1.9% and 
2.6% with infliximab and adalimumab, respectively. 
Pneumonia was reported in 11 studies. For infliximab and 
tocilizumab, the proportion of patients reporting pneumonia 
was 1.5% and 0.7%, respectively.

Table 2. Demographical Differences in the Included Studies.

Monoclonal 
Antibody

Mean Disease  
Duration (Years)

Medication Prior to 
mAbs

Mean Age 
(years) n

Female 
(%) References

Sarilumab 5.95 (6.18) MTX-IR 48.7 (12.4) 51 80.8 [7]

8.3 (0.3–33.6) MTX-IR 55.3 (11.0) 80 76.3 [8]

Tocilizumab NA DMARD-naïve 55·0 (47·0–63·0) 103 76 [9]

10.8 (7.8) Refractory to cDMARDS 52.6 (10.4) 89 89.4 [10]

177.3 (96.7) (in months) NA 5.95 (6.18) 53 86.8 [11]

12.4 (11.1) NA 58.7 (13.6) 229 84 [12]

9.3 (0.6–48.8) MTX-IR 12.4 (11.1) 399 82 [13]

0.5 (0.53) MTX-naïve 49.5 (13.70) 290 79.0 [14]

Adalimumab 4.00 (1.4–8.4) Biologic-naive 52.6 (12.15) 186 83.9 [15]

NA DMARD-IR 50.6 (13.3) 85 80 [16]

0.3 (0.4) MTX or biologic naive 54.0 (13.1) 171 84.2 [17]

1.7 (1.4) Biologic-naïve and MTX-IR 51.0 (12.8) 328 82.3 [18]

10 (9) MTX-IR 0.3 (0.4) 330 76 [19]

Golimumab 3.5 (5.6) MTX naive 50.9 (11.3) 293 84.9 [20]

7.6 (median) DMARD-IR or anti-TNF–IR 49.9 (11.4) 68 84.9 [21]

8.1 (8.4) DMARD-IR 52.9 (11.3) 101 80.2 [22]

NA MTX-IR NA 105 NA [23]

Infliximab 6.6 (6.0) NA 52.6 (11.7) 293 80.5 [24]

NA MTX-IR 50 (21–74) 301 84.2 [25]

8.0 (7.3) MTX-IR 53.8 (13.4) 53 80.4 [26]

Rituximab 4.9 (2.9) MTX-IR and biologic naïve 50.7 (11.7) 60 83.3 [27]

0.99 (1.1) MTX-naïve 47.9 (13.4) 249 85 [28]

11.69 (7.945) DMARD-IR 56.8 (11.34) 104 87.5 [29]

Note: Data are mean (%), mean (SD), or median (IQR); n, patients randomized in unique studies.

Abbreviations: MTX, methotrexate; IR, inadequate response; DMARD, disease-modifying antirheumatic drugs; NA, not available; mAbs, monoclonal 
antibodies.
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Table 3. Comparison of Reported Adverse Events Among Six Approved mAbs in 23 Included Studies.

AEs

Proportion % of Patients Reporting Specific AEs

Sarilumab
N = 131

AEs = 9/16*
T = 47.3%

Tocilizumab
N = 1,163

AEs = 9/16*
T = 50%

Adalimumab
N = 1,100

AEs = 15/16*
T = 31.8%

Golimumab
N = 567

AEs = 12/16*
T = 52%

Infliximab
N = 647

AEs = 15/16*
T = 31%

Rituximab
N = 413

AEs = 8/16*
T = 4.9%

UTI 0.7 0.16 2.6 0 1.9 0

Cystitis 0.7 0.2 0.08 0 0.3 0

Nasopharyngitis 10.6 3.4 6.3 5.7 5.6 0.7

Pneumonia 0 0.7 0.6 0.3 1.5 0.4

URTI 5.3 2.3 2.4 14.9 2.6 0.9

Bronchitis 0 0 1.6 8.2 3 1.4

Pharyngitis 0 1.7 2.4 0.6 1.5 0.2

Gastroenteritis 2.2 0 0.9 0.5 0.4 0.2

RA exacerbation 0 0 1.9 2.4 2.3 0.7

Headache 0 0 3.1 0.3 2.9 0

Injection-site erythema 5.3 0 2.4 2.1 0 0

Hypertension 3.8 0 2.8 0.1 1.8 0.2

Leukopenia 0 1.9 0 0 0.4 0

Neutropenia 14.5 5.2 0.3 0 0.3 0

Increased ALT 3.8 19 2.2 8.6 3.1 0

Increased AST 0 17.9 1.5 6.1 2.7 0

References [7–8] [9–14] [15–19] [20–23] [24–26] [27–29]

Abbreviations: N, total patients; RA, rheumatoid arthritis; AEs, adverse events; T, % of patients reporting any of mentioned AEs; UTI, urinary tract 
infection; URTI, upper respiratory tract infection; ALT, alanine aminotransferase; AST, aspartate aminotransferase; mAbs, monoclonal antibodies. 
*number of AE reported by specific mAb out pf total mentioned 16 AEs.

Figure 2. Forest Plot Showing Proportion of Patients Reporting AEs in the Included Studies along with 95% Cis.

Abbreviations: CIs, confidence intervals; mAbs, monoclonal antibodies.
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Pharyngitis was reported in eight studies. The proportion 
of patients reporting pharyngitis was 1.7% and 2.4% with 
tocilizumab and adalimumab, respectively. Cystitis was 
reported in four studies. The proportion of patients reporting 
AE was 0.7% and 0.3% with sarilumab and infliximab, 
respectively. Bronchitis was reported in nine studies. For 
golimumab and infliximab, the proportion of patients 
reporting bronchitis was 8.2% and 3.0%, respectively. 
Gastroenteritis was reported in seven studies. The proportion 
of patients reporting gastroenteritis was 2.2% and 0.9% with 
sarilumab and adalimumab, respectively.

AEs Related to the Blood and Hepatic Enzyme Systems: 
AEs related to blood disorders were frequently reported in 
65.2% of the studies. Among them, neutropenia and 
leukopenia were reported most commonly. The liver enzymes 
(ALT and AST) were raised in 78.2% of the studies.

Neutropenia was recorded in seven studies. The proportion 
of patients reporting AE was 14.5% and 5.2% with sarilumab 
and tocilizumab, respectively. Leukopenia was reported in 
four studies. The proportion of patients reporting leukopenia 
was 1.9% for tocilizumab. Raised ALT was reported in 12 
studies. The proportion of patients reporting raised ALT was 
8.6% and 19% for golimumab and tocilizumab, respectively. 
Raised AST was reported in nine studies. The proportion of 
patients reporting raised AST was 6.1% and 17.9% for 
golimumab and tocilizumab, respectively.

AEs Related to the Nervous, Vascular, and Musculoskeletal/
Connective Systems: AEs related to the nervous, vascular, and 
musculoskeletal/connective systems were reported in 39.1%, 
43.4%, and 43.4% of the studies, respectively. AEs related to 
general disorders/administration site conditions were reported 
in 69.5% of the studies.

Headache was reported in six studies. The proportion of 
patients reporting headache was 2.9% and 3.1% for infliximab 
and adalimumab, respectively. Hypertension was reported in 
eight studies. The proportion of patients reporting hypertension 
was 3.8% and 2.8% for sarilumab and adalimumab, respectively.

Exacerbation of the disease was recorded in seven studies. 
The proportion of patients reporting AEs was 2.4% and 2.3% 
for golimumab and infliximab, respectively. Erythema at the 
injection site was recorded in four studies. For sarilumab and 
adalimumab, the proportion of patients reporting erythema 
was 5.3% and 2.4%, respectively.

Miscellaneous AEs: The AEs related to the gastrointestinal, 
respiratory, skin, and immune systems were recorded in 
47.8%, 39.1%, 30.4%, and 26% of the studies, respectively. 
The AEs related to hepatobiliary, cardiac, and metabolism/
nutrition were recorded in 13%, 26%, and 13% of the studies, 
respectively. Less-frequent AEs were those that were reported 
in ≤3 studies (Table 4).

Mortality: With the use of infliximab, one death from 
congestive heart failure has been documented.24 During the 
second year of the study, a 75-year-old patient in the 
adalimumab group who had a history of hypertension passed 
away while being treated in a hospital for acute coronary 
syndrome.18 Through week 104, four patients receiving 
golimumab 50 mg died from self-induced hypoglycaemic 
coma, lung cancer, septic shock, and non-small cell lung 
carcinoma.20 Tocilizumab (8 mg/kg) caused seven deaths 
due to cerebral haemorrhage, gastrointestinal infection, 
bronchopneumonia, sepsis, pneumothorax mechanical 
ventilation, and hypoglycaemic coma, with death due to 
gastrointestinal infection possibly related to the study 
treatment.13–14

Table 4. Proportion % of Patients Reporting Specific AEs in ≤ 3 Studies.

AEs Class

AEs (Proportion % of Patients Reporting Specific AEs)

Sarilumab Tocilizumab Adalimumab Golimumab     Infliximab Rituximab

Infection & Infestation NA Herpes simplex (2.2); 
Diverticulitis (1.9);
Cellulitis (3.3); Herpes 
zoster (4.4)

Influenza (1.5);
Viral RTI (1.1);
Sinusitis (1.1);
Cellulitis (1.0); Pul-
monary TB (0.5); 
Herpes zoster 
(1.6)

P. Jirovecii pneu-
monia (1.5); Diver-
ticulitis (0.6)

Latent TB (7.2); 
Herpes zoster 
(1.1);
Influenza (3.8)

NA

GIT disorders Stomatitis (10) NA Diarrhea (4) Peptic ulcer (1.5) NA NA

Respiratory disorders NA NA Interstitial lung 
disease (0.6)

Lung disorder 
(1.5)

Interstitial lung 
disease (1.9)

NA

Cardio disorders NA Heart failure (1.3); Myo-
cardial infarction (0.4)

NA NA NA NA

General disorders/ 
administration site 
conditions

Injection site 
pruritis (5.0)

Chest pain (0.4); 
Infusion-related reaction 
(6.7)

Injection site 
swelling (2.2); 
Injection site 
pruritis (1.7)

NA Infusion-related 
reaction (6.7)

NA

(Table 4 continued)
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Test for Heterogeneity: The included studies demonstrated 
a statistically significant level of heterogeneity [I2 = 97.3%; p 
< 0.0001] (Figure 2).

Publication Bias: There was no significant publication 
bias (Egger’s test, p = 0.66; Begg’s test, p = 0.25).

Discussion

RA is an autoimmune disease that is frequently associated 
with progressive disability, premature death, high morbidity, 
and a high socioeconomic burden. While there is no cure, 
physiotherapy and medication can help slow the disease’s 
progression, and DMARDs can be used to manage the 
majority of cases.5

Several pathogenic mechanisms that may underpin RA 
have been identified over the last decade, which has aided in 
the development of targeted drugs. The therapeutic 
perspectives of RA patients have changed dramatically due to 
the development of biologics. Till now, the US Food and 
Drug Administration has approved more than ten biologics, 
including seven mAbs, fusion proteins, or soluble receptors. 
Biological agents are very large, complex molecules, and 
patents for many of these agents have expired, providing third 

parties the opportunity to develop their own biologicals or 
biosimilars. Biosimilars are not generic; they are similar but 
not identical to the original product.30

The seven mAbs include four TNF-blocking agents 
(infliximab, 1999; adalimumab, 2002; golimumab, 2009; and 
certolizumab pegol, 2009), one ß-cell depleting mAbs 
(rituximab, 2006) and mAbs directed against the IL-6 receptor 
(tocilizumab, 2010 and sarilumab, 2017). To the best of 
authors’ knowledge, no originator mAbs are approved for the 
treatment of RA in India, but their biosimilars have been 
approved and marketed. Acellbia, Maball (rituximab); Adfrar, 
Exemptia (adalimumab); and Infimab (infliximab) are some 
of the approved biosimilars for the Indian market.5 Current 
therapy for patients with RA includes a treat-to-target strategy 
rather than a non-targeted approach.2

The mAbs (subcategory of bDMARDS) are a group of 
complex and effective biologic agents that have become an 
important series of options in the treatment of RA, but they 
also pose the problem of serious AEs, such as an increased 
risk of infections [like bacterial infections (particularly 
pneumonia), herpes zoster, tuberculosis, and opportunistic 
infections]. So, active pharmacovigilance (PV) in the form of 
maintaining a “patient registry”, electronic medical health 
records, and so on. would be necessary to pool safety data and 

AEs Class

AEs (Proportion % of Patients Reporting Specific AEs)

Sarilumab Tocilizumab Adalimumab Golimumab     Infliximab Rituximab

Vascular disorders NA Cerebellar hemorrhage 
(0.8)

NA NA NA NA

Skin/subcutaneous  
tissue disorders

Eczema (3.8) Skin ulcer (0.8); Fungal 
dermatitis (4.6)

NA NA Eczema (11.3) NA

Blood/lymphatic sys-
tem disorders

Hematological 
event (6.2)

Granulocytopenia (17.9);  
Thrombocytopenia (2.9)

Lymphopenia 
(1.1); Hemato-
logical event (4.1); 
Anemia (3.5)

NA NA NA

Neoplasms Bowen's tumor 
(1.2)

Breast cancer (0.4);
Kidney tumor (1.9);
Lung adenocarcinoma
(1.1);
Uterine cervix  
dysplasia (1.1); uterine 
cancer (0.2);
basal cell carcinoma 
(0.3)

Breast cancer 
(0.3); Adenocar-
cinoma pancreas 
(0.5); basal cell 
carcinoma (0.6); 
transitional cell 
carcinoma (0.6); 
malignant mela-
noma (0.3)

Breast cancer 
(0.3); Adeno-
carcinoma (0.3); 
NSCLC (0.6);
Thyroid cancer 
(0.3);
Lung cancer (0.3); 
skin papilloma 
(0.9); ovarian neo-
plasm (0.9);
Uterine cancer(1);
basal cell carci-
noma (1.9)

Breast cancer 
(0.5);
Uterine cervix 
dysplasia (1.9)

Papillary 
endometrial 
carcinoma 
(1.7)

Hepatobiliary disor-
ders

Hepatic  
function  
abnormal (10)

Liver damage (0.8) NA NA NA NA

Abbreviations: AE, adverse events; GIT, gastrointestinal tract; NA, not available; NSCLC, non-small cell lung cancer; RTI, respiratory tract infection; TB, 
tuberculosis.

(Table 4 continued)
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further statistical analysis to provide a better understanding of 
the toxicity profile of each drug, which will further help to 
improve patient care and reduce the risk of negative side 
effects.

The post-marketing changes of biotherapeutics are one of 
PV's primary global concerns. These changes can be low risk, 
moderate risk, and high risk. These changes suggest that 
biotherapeutics have an impact on the medicine's safety and 
efficacy, and they can cause AEs in patients.31

mAbs have a highly selective mechanism of action, a rapid 
onset, and a high rate of response. However, they are 
associated with high production costs and an increased risk of 
AEs, particularly infections, but not as much as cDMARDs.5 
Patients treated with bDMARDs, on the other hand, may be at 
a lower risk of COVID-19 infection, and their use is not 
associated with severe COVID-19 manifestations.32 
According to some studies, patients receiving anti-TNF 
agents do not have a higher risk of heart failure. When 
compared to cDMARDs, they did not have an increased risk 
of malignancies in general, but the risk of melanoma may be 
slightly increased. They can be used during pregnancy, as 
recommended by EULAR, and for this purpose, certolizumab 
pegol was recently approved by the EMA due to its low rate 
of transplacental passage.30

Here, the AEs of the mAbs were systematically assessed 
on the basis of the evidence from clinical studies of RA 
patients. A total of 23 clinical studies, investigating the safety 
of mAbs in RA patients, were retrieved. The pooled proportion 
estimate was found to be 0.73 with a 95% CI = 0.64, 0.81. In 
this study, it was identified that some of the AEs were rare but 
serious and may occur with the long-term use of mAbs. The 
pooled results show that infections and infestations [URTI 
and nasopharyngitis-PT] were the most common AEs 
associated with the use of mAbs. Elevations in liver enzymes 
(ALT and AST) were the second most common. AEs related 
to the hepatobiliary system and metabolism/nutritional 
disorders were the least common. Out of the published reports 
on clinical studies selected for this analysis, 8.8% of patients 
with an average treatment duration of 49 weeks discontinued 
the treatment due to AEs.

Of the six mAbs, most of the AEs were reported with 
adalimumab, while the highest percentage of patients 
reporting AEs was associated with golimumab (52%). URTI 
and nasopharyngitis were the most common AEs reported 
with all mAbs. Adalimumab was associated with the widest 
range of patients reporting UTI, headache, hypertension, 
and gastroenteritis. Tocilizumab was associated with the 
widest range of patients reporting nasopharyngitis, 
pharyngitis, neutropenia, leukopenia, raised ALT, and AST; 
sarilumab was associated with erythema at the injection site; 
infliximab with cystitis and pneumonia, golimumab with 
URTI, RA exacerbation and bronchitis; and rituximab was 
not widely associated with any unique AEs. Taken together, 
it may be concluded that rituximab was found to be the 
safest of all mAbs.

Tocilizumab was frequently associated with less common 
AEs like neoplasms and infections. Breast cancer was the 
most commonly reported malignancy with all mAbs except 
sarilumab and rituximab. The majority of the neoplasms were 
associated with golimumab, whereas sarilumab, infliximab, 
and rituximab appear to be safe.

On a positive side, with a better understanding of the 
pathogenesis of COVID-19, many anti-rheumatic drugs have 
been studied for its treatment. Tocilizumab is helpful in 
lowering biomarkers of COVID-19 infection, particularly 
CRP and ferritin levels. Physicians may consider using 
tocilizumab as a treatment for COVID-19 patients, particularly 
those with severe disease.33

Exposure to mAbs was seen to be associated with many 
instances of AEs. Anti-TNF agents have been associated with 
an increased risk of infections as they can suppress the 
immune system34. Similarly, raised liver enzymes (AST and 
ALT) may be associated with the induction of autoimmunity 
or immune modulation.35

Repeated electronic searches did not reveal any previous 
reports that assessed and compared the safety of all the classes 
of mAbs used for the treatment of RA. Previous report by 
Minozzi and co-workers, included anti-TNF agents and 
concluded that there was an increase in the occurrence of any 
infections, including serious infections.36 In contrast to our 
study, Aaltonen et al. found that risk ratios reached statistical 
significance only in the number of patients experiencing 
injection or infusion reactions with the use of anti-TNF 
agents; however, results were expressed in comparison with 
the control group.37 In our analysis, the injection or infusion 
reactions were reported in seven studies. Navarro and 
co-workers recorded that infections, liver function test 
abnormalities, and gastrointestinal side effects were among 
the clinically significant AEs associated with tocilizumab, 
and here we add blood disorders as another clinically 
significant AE.38 An important report on rituximab revealed 
that the risk of developing AEs was comparable to that of 
other anti-TNF agents and that infections were more frequent 
when compared to controls.39

There are very few safety and efficacy studies of mAbs in 
Indian patients with RA. Relevant Indian studies show that 
most of the AEs were mild to moderate in severity. At least 
one AE occurred in 36% of the patients. The most commonly 
reported AEs were infections and infestations. There were 
two serious AEs reported: sinusitis and viral infection. No 
deaths have been reported during the study.40

Cases of tocilizumab-induced pancreatitis and rituximab-
induced psoriasis and progressive multifocal 
leukoencephalopathy have been previously reported in the 
literature.41–43

In addition, our systematic analysis has numerous 
limitations, such that available data are scarce in terms of 
sample size and follow-up time. The safety profile of 
certolizumab pegol was not presented because no study was 
found using our search strategy. A high degree of 
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heterogeneity [I2 = 97.3%; p < 0.0001] was observed in the 
effect estimates. Estimated effects differ across studies, 
partly because of random sampling error and partly because 
of heterogeneity. The statistic I2 is used in meta-analysis to 
estimate the fraction of variance due to heterogeneity. We 
calculate the bias of I2 in situations where the number of 
studies in the meta-analysis is small.44

As the sample size for these studies varies and experience 
with the more recently introduced drugs is limited, the data 
pertaining to AEs for individual drugs may have been 
modified in comparison to their true incidence, introducing 
bias in this study.

As the treatment of RA requires long-term therapy and 
revised treatment guidelines are coming up with the 
introduction of newer mAb therapies, it is critical to monitor 
their safety profile to explore and ensure their long-term 
safety. In the future, PV studies must be able to swiftly 
identify new safety issues, such as which individuals are at 
risk of experiencing an AE and how the AE would manifest.

Evaluation of the mentioned factors during admission may 
aid in risk assessment so that efforts can be made for disease 
management as soon as possible.

In clinical decision-making, AEs are definitely important 
considerations in drug selection; however, this has to be 
balanced against effectiveness, affordability, and availability 
of information while making the actual choice. The decision 
regarding the clinical use of a drug should be balanced with 
all considerations.

This review may be useful in selecting appropriate 
treatment options. The need for active PV regarding the use 
of mAbs in RA is also highlighted.

Conclusion

Managing patients with RA, who appear to be particularly 
vulnerable to COVID-19 infection due to an already weakened 
immune system, was one of the challenges in the field of 
rheumatology. According to our study, rituximab may be 
recommended as a safer treatment option, particularly during 
COVID-19 pandemic, because it was found to be associated 
with a lower risk of AEs, especially respiratory infections, 
over the other approved mAbs. More direct studies are needed 
to further validate these findings.
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