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Research Paper

Biological Response Modifiers in Rheumatoid Arthritis:
Systematic Review and Meta-analysis of Safety

Nitishkumar D. Tank, Bharti N. Karelia, Bhavisha N. Vegada'
Department of Pharmacology, PDU Government Medical College, Rajkot, Gujarat, 'Department of Pharmacology, AlIMS, Jodhpur, Rajasthan, India

Objective: To analyze available evidence on the safety of different biological response modifiers which are used for a treatment of rheumatoid
arthritis (RA). Materials and Methods: We searched systematically for randomized controlled clinical trials on treatment of RA with different
biological response modifiers, followed by a systematic review with meta-analysis. Trials were searched from MEDLINE and Cochrane
Library databases. The following safety parameters reported in the selected trials were analyzed: number of patients suffering any adverse
event (AE), withdrawal due to AEs, serious AE (SAEs), infections, serious infections, infusion reactions, injection site reactions, malignancies,
and overall mortality. Undesired effects were estimated using combined relative risks (RR) and number needed to harm (NNH). Heterogeneity
was evaluated by Cochrane’s Q and P statistics. Results: According to inclusion criteria, a total of 43 trials (20,504 patients) were included
in this study. A total number of AEs were found more with abatacept (RR: 1.05, NNH: 21.93). Withdrawal due to AEs was found with all
biologicals, highest with anakinra (RR: 3.48, NNH: 15.70). Patients receiving newer tumor necrosis factor-alpha inhibitors, golimumab, were
more likely to develop SAEs (RR: 2.44, NNH: 12.72) and infection (RR: 1.25, NNH: 10.09), and in certolizumab, serious infections (RR:
2.95,NNH: 37.31) were found more. Infusion reaction develops more with rituximab (RR: 1.52, NNH: 8.47). Etanercept showed the highest
risk to develop infusion site reaction (RR: 5.33, NNH: 4.65). Biologicals showed no difference to their control counterparts in malignancy
and mortality risk. Conclusion: This meta-analysis helps to clarify some frequently encountered and unanswered safety questions of different
biological response modifiers, a new class of drugs, in the clinical care of RA patients.
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surgery. There are two classes of medications which are used in
treatment of RA: Fast acting (first-line drugs) such as NSAIDs
and corticosteroids are used to reduce pain, inflammation,
and swelling. Slow acting (second line drugs) such as
methotrexate (MTX) and DMARDs are used to promote disease
remission and prevent progressive joint destruction.™

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease, in
which there is joint inflammation, synovial proliferation, and
destruction of articular cartilage.l'! Uncontrolled active RA
causes disability, decreases the quality of life, and increases
comorbidity. These, in turn, result in loss of work, high medical
and social costs, and substantial morbidity and mortality.?”! Now, newer second-line drug biological response
modifiers (biologics) are available. Biologics are genetically
engineered antibodies derived from human genes. They
are designed to inhibit specific components of the immune

system that play pivotal roles in fueling inflammation, which

There is no curative treatment of RA. To date, the goal of
treatment in RA is to reduce joint inflammation and pain,
maximize joint function, and prevent joint destruction and
deformity. The treatment of RA optimally involves a combination

of nonpharmacological intervention (patient education, e

rest and exercise, and joint protection), a pharmacological
intervention (such as medications nonsteroidal anti-inflammatory
drugs [NSAIDs], disease-modifying antirheumatic
drugs [DMARDs], tumor necrosis factor [TNF]-alpha
inhibitors, immunosuppressant, and steroids) and occasionally
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is a central feature of RA. In comparison with traditional
DMARDs, the biological response modifiers have a much
more rapid onset of action and can have powerful effects on
stopping the progressive joint damage. Their method of action
is also more directed, defined, and targeted."!

Although there is an increasing appreciation of evidence-based
medicine, the data sources for this are still in their infancy.
Guidelines and algorithms have been developed to help
determine the appropriate choices of treatment, but they are
not applicable to every patient. Moreover, new information
from clinical trials is being published at too fast a rate for
textbooks to remain current. The challenge is to translate the
clinical research data into a format suitable for use by busy
clinicians in practice. One key item of information needed for
an informed decision is an easily understood estimate of the
magnitude of benefit (risk of adverse effects) that can be used
by doctors and other caregivers.™

Biological response modifiers’ use is limited by their cost and
toxicity due to interfering with the immune system responses.
Data from clinical trials and postmarketing surveillance
studies have raised a wide range of safety signals including
a risk of infections, malignancy, demyelinating disorders,
congestive heart failure, gastrointestinal perforations, hepatic
impairment, dyslipidemia, autoimmune syndromes, and
infusion reactions.[y However, many questions about the safety
of this new class of drugs still remain unanswered. To date,
there is no published article on direct head-to-head comparative
studies of different biologics. An alternative approach
to answering the safety-related questions is to perform a
systematic review with meta-analysis of relevant research.!”

In this study, we have conducted a systematic review of various
clinical trials of biologics in RA followed by a meta-analysis
of the safety of it at their different doses.

MareriaLs AND METHODS

Study selection criteria

We carried out a search of all randomized controlled clinical
trials of biological response modifiers for treating patients
with RA. Clinical trials were excluded if they either used
administration routes other than recommended or included no
treatment group with recommended doses. Only information
published in the trial reports was assessed.

Safety parameters

The following safety parameters reported in the selected trials
were analyzed: number of patients suffering any adverse
event (AE), withdrawal due to AEs, serious AE (SAEs),
infections, serious infections, infusion reactions, infusion-site
reactions, malignancies, and overall mortality.

Search strategy

Trials were searched in scientific journals. Information from
the MEDLINE and Cochrane Library databases was checked
using a high-sensitivity strategy. The descriptors used were RA,

biological response modifiers, randomized controlled trial, and
meta-analysis. The computerized search was completed with
a manual search of reference lists from the articles retrieved
and from rheumatological journal articles published.

Data extraction

Trials with information only in the abstract format were
excluded. Data were extracted using key items for each trial:
study design, patients’ characteristics (sex, age, and duration of
disease evolution), patient inclusion criteria, drugs and doses
used, treatment duration, and safety parameters.

Statistical analysis

We have used the relative risk (RR) with 95% confidence
intervals (95% CI) to estimate the risk of AEs. RR is the ratio
of the probability of an event occurring in an exposed group
to the probability of the event occurring in a comparison,
nonexposed group. RR of 1 means there is no difference in risk
between exposed and nonexposed groups. RR of <1 means the
event is less likely to occur in the exposed group than in the
nonexposed group. RR of >1 means the event is more likely
to occur in the exposed group than in the nonexposed group.

We estimated the number needed to harm (NNH) defined as
the number of patients receiving active treatment that would
harm one patient compared to controls. We used the specific
statistical software MedCalc Trial Version 17.2 (MedCalc,
Ostend, Belgium) which is available online from http://www.
medcalc.org for analysis and presentation of main results.

To determine statistical significance, we have considered
P <0.05 as statistically significant.

ResuLts

A total of 43 publications which met the selection
criteria were included in the meta-analysis. We analyzed
the entire set of 20,504 patients recruited for the 43
trials selected: Five using adalimumab (2585 patients),
four using certolizumab (2062 patients), four using
etanercept (1823 patients), three using abatacept (1148 patients),
seven using golimumab (2998 patients), two using
anakinra (661 patients), seven using infliximab (3448 patients),
three using rituximab (1062 patients), and eight using
tocilizumab (4717 patients). An overview of the AEs reported
in selected trials is displayed in Table 1.

Information on the incidence of SAEs, serious infections,
malignancies, and mortality is provided, specifying whether
patients were in the experimental or control arms. Other
important safety information (number of total AEs, total
number of infection, infusion reaction, and infusion site
reactions) was provided much less consistently.

Safety analysis

Individual event-wise safety analysis (RR, NNH, and
heterogeneity) of different biologicals as shown in Table 2,
which was interpreted as following:
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Withdrawal due to adverse events

The number of withdrawals due to AEs according to treatment
arm was reported in all trials. We found no significant
overall difference between the experimental and control
groups, with a pooled RR (95% CI) of 1.19 (0.76—1.88).
There was statistically significant heterogeneity among the
drugs (Q = 377.29; P <0.0001, /*: 89.93) but not within the
groups given each specific drug.

Result differed depending on the specific biologic
response modifier given: patients in anakinra arms were
more likely to withdraw from AEs than their control
counterparts (RR [95% CI]: 3.48 [0.58-21.05]). Patients in
the abatacept arms were less likely to withdraw from AEs than
their control counterparts (Negative NNH), but the opposite
was the case for all others except the etanercept, all those
comparisons reaching statistical significance. No statistically

Table 2: Overall and individual drug wise adverse events relative risk, number needed to harm and heterogeneity results

Adverse Biological Biological Control RR (95% Cl) NNH (95% CI) Q "% P
events response response adverse
modifier drugs  modifiers adverse  event/total
event/total
Withdrawn Abatacept 37/765 10/383 1.69 (0.78-3.69) —4.10 (—1.12-2.47) 2.31 13.6 0.3143
adverse event  Adalimumab 44/1869 6/716 1.57 (0.72-3.44) 84.03 (—228.83-35.46) 2.52 0 0.6407
Anakinra 41/507 3/154 3.48 (0.58-21.05) 15.70 (42.37-9.62) 1.69 4096  0.1931
Certolizumab 70/1508 13/554 2.03 (1.08-3.82) 36.10 (83.33-22.99) 2.07 0 0.5576
Etanercept 104/1295 75/528 0.62 (0.43-0.89) NS 2.75 27.24 0.253
Golimumab 142/2130 49/868 1.19 (0.85-1.66)  67.11 (=2173.91-33.00) 6.27 435 0.3933
Infliximab 148/2414 29/1034 2.02 (1.28-3.17) 0.50 (0.78-0.32) 6.01 16.75  0.3056
Rituximab 15/664 3/398 2.80 (9.10-0.86) 61.73 (217.86-36.10) 0.26 0 0.8762
Tocilizumab 121/3004 48/1713 1.45(0.97-2.17) 0.69 (1.03-0.46) 6.84 26.88  0.2330
Over all 722/14156 602/6348 1.19 (0.76-1.88) NS 377.29 89.93  <0.0001
Total adverse Abatacept 662/765 311/383 1.05 (1.00-1.11) 21.93 (534.76-1.12) 1.37 0 0.5039
events Adalimumab 1692/1869 628/716 1.04 (1.00-1.08) 27.17 (218.82-14.49) 7.92 49.52  0.0944
Anakinra 153/507 72/154 - NS - - -
Certolizumab 1190/1508 462/554 - NS - - -
Etanercept 405/1295 199/528 - NS - - -
Golimumab 1250/2130 465/868 1.04 (0.96-1.12) NS 7.98 3737  0.1572
Infliximab 1067/2414 482/1034 0.96 (0.71-1.29) NS 95.79  95.82  <0.0001
Rituximab 557/664 320/398 1.05 (0.90-1.23) 27.25 (-11.93-6.37) 9.71 79.4 0.0078
Tocilizumab 1896/3004 1062/1713 1.07 (0.97-1.17) NS 34.17  79.51  <0.0001
Over all 8872/14,156 3031/6348 - NS - - <0.0001
Serious Abatacept 106/765 42/383 1.23 (0.74-2.07) 21.83 (—39.53-8.55) 3.30 39.37  0.1922
adverse events  Adalimumab 255/1869 65/716 1.42 (0.69-2.91) NS 14.01  78.89  0.0029
Anakinra 16/507 32/154 - NS - - -
Certolizumab 153/1508 30/554 1.9 (1.3-2.8) 20.41 (39.22-13.77) 1.78 0 0.6187
Etanercept 12/1295 0/528 - NS - - -
Golimumab 231/2130 25/868 2.44 (0.79-7.51) 12.72 (-56.50-5.71) 33.14  81.89  <0.0001
Infliximab 236/2414 89/1034 0.93 (0.74-1.16) NS 2.08 0 0.8386
Rituximab 43/664 28/398 1.00 (0.49-2.03)  1193.32 (-21.88-21.10) 3.09 352 0.2137
Tocilizumab 264/3004 119/1713 1.22 (0.96-1.54) 58.82 (1848.43-29.94) 8.12 13.81 0.322
Over all 1316/14,156 946/6348 1.10 (0.74-1.64) NS 440.38  91.6  <0.0001
Infection Abatacept 83/765 34/383 1.24 (0.87-1.78) NS 0.49 0 0.4858
Adalimumab 524/1869 205/716 1.05 (0.82-1.34) NS - - -
Anakinra 68/507 32/154 - NS - - -
Certolizumab 603/1508 156/554 1.22 (0.88-1.68) NS 5.70 64.92  0.0578
Etanercept 367/1295 191/528 0.97 (0.89-1.06) NS 0.29 0 0.5924
Golimumab 664/2130 161/868 1.25(0.72-2.15) 10.09 (—4.37-2.34) 56.80  59.44  <0.0001
Infliximab 2352414 88/1034 1.09 (0.89-1.34) NS 1.20 16.79 0.273
Rituximab 236/664 120/398 1.14 (0.96-1.36) NS 0.68 0 0.4100
Tocilizumab 572/3004 327/1713 1.00 (0.85-1.19) NS 0.09 50.75  0.1072
Over all 3352/14,156 1060/6348 1.28 (1.05-1.56) NS 24170  88.83  <0.0001
Contd...
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Table 2: Contd...

Adverse Biological Biological Control RR (95% CI) NNH (95% CI) Q I*% P
events response response adverse
modifier drugs  modifiers adverse  event/total
event/total
Serious Abatacept 20/765 5/383 1.74 (0.67-4.51) 63.69 (4098.36-32.15) 1.07 0 0.5851
infection Adalimumab 53/1869 9/716 2.33(0.76-7.16) 55.25(196.08-32.26) 6.71 4037  0.1521
Anakinra 9/507 0/154 - NS - - -
Certolizumab 68/1508 6/554 2.95(1.32-6.61) 37.31 (66.67-25.91) 1.22 0 0.7476
Etanercept 39/1295 15/528 0.96 (0.53-1.75) NS 0.95 0 0.3309
Golimumab 76/2130 6/868 2.30 (0.73-7.23) 42.37 (—295.86-19.76) 10.77 4427  0.0959
Infliximab 133/2414 30/1034 1.35 (0.65-2.77) NS 12.38 59.6 0.0300
Rituximab 13/664 6/398 1.39 (0.53-3.63) 228.31 (—87.72-49.75) 0.33 0 0.8474
Tocilizumab 95/3004 33/1713 1.54 (2.29-1.04) NS 2.65 0 0.8513
Over all 506/14,156 226/6348 1.35(0.90-2.02) NS 120.90  68.57  <0.0001
Infusion Abatacept 51/765 13/383 1.99 (1.10-3.61) NS 0.12 0 0.7273
reaction Adalimumab 0/1869 0/716 - NS - - -
Anakinra 0/507 0/154 - NS - - -
Certolizumab 0/1508 0/554 - NS - - -
Etanercept 0/1295 0/528 - NS - - -
Golimumab 13/2130 1/868 - NS - - -
Infliximab 35/2414 11/1034 1.81(0.98-3.37) NS 0.46 0 0.7934
Rituximab 218/664 87/398 1.52 (1.14-2.02) 8.47 (29.15-4.95) 3.13 36.02  0.2095
Tocilizumab 68/3004 15/1713 3.03 (1.26-7.30) NS 6.56 3898  0.1613
Over all 385/14,156 162/6348 1.52 (0.82-2.79) NS 88.58  80.81  <0.0001
Infusion site Abatacept 106/765 37/383 - NS - - -
reaction Adalimumab 243/1869 50/716 6.15 (0.61-65.52) NS 29.18  89.72  <0.0001
Anakinra 278/507 52/154 1.75 (1.39-2.20) 4.07 (6.21-3.01) 0.01 0 0.9032
Certolizumab 40/1508 39/554 1.51(0.18-12.76)  —61.73 (—13.55-24.10) 2434  87.67 <0.0001
Etanercept 305/1295 23/528 5.33 (3.55-8.00) 4.65 (7.09-3.45) 1.86 0 0.6017
Golimumab 175/2130 25/868 2.13 (1.06-4.26) NS 1236 59.55  0.0301
Infliximab 0/2414 0/1034 - NS - - -
Rituximab 0/664 0/398 - NS - - -
Tocilizumab 0/3004 0/1713 - NS - - -
Over all 1147/14,156 127/6348 4.60 (2.56-8.24) NS 131.82  84.07 <0.0001
Malignancy Abatacept 4/765 2/383 - NS - - -
Adalimumab 15/1869 7/716 0.74 (0.29-1.87)  621.12 (—120.05-86.96) 3.95 0 0.4132
Anakinra 1/507 1/154 - NS - - -
Certolizumab 15/1508 2/554 1.79 (0.45-7.14) NS 1.70 0 0.4268
Etanercept 16/1295 4/528 1.59 (0.56-4.53) NS 1.05 0 0.5923
Golimumab 27/2130 4/868 1.28 (0.35-4.64) NS 7.55 33.79  0.1827
Infliximab 212414 2/1034 2.33 (0.68-8.04) NS 0.32 0 0.9563
Rituximab 0/664 0/398 - NS - - -
Tocilizumab 16/3004 4/1713 1.98 (0.43-9.16) NS 3.30 39.35  0.1923
Over all 115/14,156 29/6348 1.30 (0.82-2.06) NS 28.65 5.77 0.3779
Mortality Abatacept 1/765 1/383 - NS - - -
Adalimumab 10/1869 2/716 1.24 (0.34-4.55) NS 0.72 0 0.8687
Anakinra 0/507 0/154 - NS - - -
Certolizumab 8/1508 1/554 1.45 (0.26-8.19) NS 0.01 0 0.9308
Etanercept 4/1295 1/528 1.45 (0.22-9.51) NS 0.24 0 0.6241
Golimumab 6/2130 3/868 0.82 (0.21-1.10) NS 1.24 0 0.5391
Infliximab 20/2414 13/1034 0.54 (0.26-1.10) NS 2.54 0 0.7700
Rituximab 0/664 0/398 - NS - - -
Tocilizumab 12/3004 5/1713 1.21 (0.43-3.44) NS 1.92 0 0.5883
Overall 61/14,156 28/6348 0.76 (0.48-1.19) NS 11.30 0 0.9566

NNH=Number needed to harm, RR=Relative risk, CI=Confidence intervals, NS=Nonsignificant results
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significant difference found in a patient taking etanercept as
compared to their control counterparts.

Total adverse events

Overall, there was no statistically significant difference found
between the experimental and control group. There was
statistically significant heterogeneity among the drugs.

Profile of individual drug showed risk to develop total AE
were almost similar in abatacept, adalimumab, and rituximab
treatment arms compared to their control. No significant
differences were found in other drugs. Infliximab, rituximab,
and tocilizumab showed within the group statistically
significant heterogeneity.

Serious adverse events

We found that there was no significant overall difference
between experimental and control groups in SAEs, with a
pooled RR (95% CI) of 1.10 (0.74-1.64).

In terms of individual drug-wise SAEs, patients in
adalimumab, anakinra, etanercept, and infliximab arms
showed no statistically significant differences compared
to their control parts. Patients in golimumab arms showed
the highest risk to develop SAEs. There was statistically
significant heterogeneity among the drugs (Q = 440.38;
P <0.0001, /?: 91.6) but not within the groups given each
specific drug except adalimumab and golimumab.

Infection

Overall, there was no significant difference between
experimental and control groups in infection, with a pooled
RR (95% CI) of 1.28 (1.05-1.56). There was statistically
significant heterogeneity among the drugs (Q = 241.70;
P <0.0001, P: 88.83).

Except for golimumab, all other drugs showed no significant
difference between experimental and control groups in infection
and did not show statistically significant heterogeneity.

Serious infection

There was no significant overall difference between
experimental and control groups in serious infection, with a
pooled RR (95% CI) 0f 1.35 (0.90-2.02). There was statistically
significant heterogeneity among the drugs (Q = 120.9;
P <0.0001, : 68.57).

Except anakinra, adalimumab, infliximab, and tocilizumab, all
other experimental drugs showed a significant difference to their
control counterparts. The risk to develop serious infection was
found in a certolizumab group (RR [95% CI]: 2.95[1.32-6.61]
and NNH [95% CI]: 37.31 [66.67-25.91]). Except for
infliximab, no other drugs showed statistically significant
heterogeneity.

Infusion reaction

There was no significant overall difference between
experimental and control groups in infusion reaction, with a
pooled RR (95% CI) of 1.52 (0.82-2.79). There was statistically
significant heterogeneity among the drugs (Q = 88.58;

P <0.0001, 2: 80.81) but not within the groups given each
specific drug.

Except rituximab, no other drug showed a significant difference
to their control counterparts. Risk to develop infusion
reaction was found highest in tocilizumab (RR [95% CI]:
3.03 [1.26-7.30]), but it showed no significant difference to
their control counterparts.

Infusion site reaction

There was no significant overall difference between the
experimental and control groups in the development of infusion
site reaction with a pooled RR (95% CI) of 4.60 (2.56-8.24).
There was statistically significant heterogeneity among the
drugs (Q =131.82; P<0.0001, I*: 84.07).

Adalimumab showed the highest risk to develop infusion site
reaction (RR [95% CI]: 6.15 [0.61-65.52]), but it showed no
significant difference to their control. Anakinra, certolizumab,
and etanercept showed a significant difference to their control.
Among them, etanercept showed highest risk to develop
infusion site reaction (RR [95% CI]: 5.33 [3.55-8.00]). Except
adalimumab and certolizumab, no group showed statistically
significant heterogeneity.

Malignancy

There was no significant overall difference between the
experimental and control groups in the development of
malignancy with a pooled RR of 1.30 (0.82-2.06). There
was no statistically significant heterogeneity among the
drugs (Q=28.65; P<0.0001, 7: 5.77) and not within the groups
given each specific drug.

Risk to malignancy was found highest in infliximab group,
but it showed no significant difference to their control group.
Except adalimumab, all other drugs showed no significant
difference to their control.

Mortality

There was no significant difference found between the
experimental and control groups in terms of mortality during
the treatment with overall and individual drugs. There
was no statistically significant heterogeneity among the
drugs (Q=11.30; P=10.9566, I>: 0) and not within the groups
given each specific drug.

Discussion

Guidelines for the treatment of RA recommend early
aggressive therapy with one or more DMARDs to prevent
joint destruction, disability, and loss of work capacity.
Conventional DMARDs are usually considered the
standard of care for most patients. The emergence of
biologic agents has provided effective therapeutic options
for patients with inadequate response to conventional
DMARDs. Despite the efficacy of biologic agents, their
immunomodulatory properties have raised many safety
concerns; prompting careful evaluation in clinical trials and
intensive postmarketing surveillance.!® This meta-analysis
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will discuss the safety of currently available biologic agents
in patients with RA.

We have compared the following nine biologics with
their placebo. TNF inhibitors (adalimumab, certolizumab,
etanercept, golimumab, and infliximab), interleukin-1
receptor antagonist (anakinra), interleukin-6 receptor
antagonist (tocilizumab), selective co-stimulation
modulator of T-cells (abatacept), and anti-B-cell (rituximab)
therapies.l””» We focused solely on published results from
well-designed randomized controlled trials; our review shows
that patients receiving biological response modifiers are more
prone to experience AEs. Although some of the relative safety
estimates are statistically significant, their magnitude is rather
small and their clinical relevance should also be addressed.
All comparisons performed in this analysis were conducted by
comparing the event rate in the medication of interest group
with that of the placebo group in the selected studies. Negative
values for NNH imply that the treatment of interest is more
likely to result in harm than benefit. For example, a negative
NNH indicates that a patient assigned to placebo has a lower risk
for the AE than a patient assigned to the medication of interest.
Infinity values for number needed to treat (NNT which is the
number of patients needed to treat to prevent one additional
bad outcome such as death and stroke) or NNH indicate that
an infinite number of patients would be required to show any
benefit or harm. If the 95% CI for NNT or NNH includes
infinity, the finding is considered statistically insignificant.!!”

In regards to withdrawal due to AEs found in all trials, which
was similar to meta-analysis done by Alonso-Ruiz et al. on
TNF-alpha drugs in RA (13 trials: 7087 patients).[”? Patients
in anakinra arms were more likely and in etanercept arm
were less likely (NNH: no significant) to withdraw from AEs
than their control counterparts. Similar results were found in
meta-analysis done by Singh ef al. which showed that higher
rate of withdrawals because of AEs with infliximab, anakinra,
and adalimumab compared with placebo or etanercept.'] A
negative NNH in abatacept showed that withdrawal was more
in placebo arms than intervention arm.

In this study, a total number of AEs showed that there was no
statistically significant difference between experimental and
control group. Abatacept was associated with a statistically
significantly higher number of AEs compared with placebo.
Apart from abatacept, adalimumab and rituximab also showed
a significant difference compared to their control parts. This
finding was different from a study done by Codreanu and
Damjanov which showed that biologics were associated
with more AEs than placebo and infliximab was associated
with a statistically significantly higher number of AEs (odds
ratio [OR] = 1.55; 95% CI: 1.01-2.35) compared with
placebo.l' However, the number of AEs for the other eight
biologics was not statistically different from those observed
in the placebo groups.

SAEs result of this study showed similarity with a study
done by Alonso-Ruiz ef al. that there was no significant

overall difference between experimental and control
groups.”'Furthermore, both studies showed overall similarity
in RR and statistically significant heterogeneity. Risk to
develop SAE was highest in newer TNF alpha inhibitors
golimumab (RR [95% CIJ: 2.44 [0.79-7.51]) followed by
certolizumab (RR [95% CI]: 1.9 [1.3-2.8]). A study done by
Codreanu and Damjanov showed that the number of SAEs
observed during treatment with any of the nine biologics was
not significantly different than the number of SAEs observed
during treatment with placebo. Pair-wise comparisons between
the biologics showed that certolizumab pegol was associated
with a statistically significant increase in the number of SAEs
compared with adalimumab (OR = 1.63; 95% CI: 1.01-2.62).0'%]

Biological therapies targeting key components of the immune
system allows efficient suppression of the pathologic
inflammation cascade that gives rise to RA symptoms and
subsequent joint destruction. As flip side of the coin, treatment
with biologicals leaves the patient more susceptible to infection
by inducing a certain extent of immunosuppression. Infectious
complications of biological therapy include bacterial infections
such as tuberculosis, Streptococcus pneumoniae and Listeria
monocytogenes and potential reactivation of viral infections
such as hepatitis B or C, herpes, and varicella zoster.['¥] Serious
infections were defined as infections associated with death,
hospitalization, or the use of intravenous antibiotics.

Infection and serious infection results of this study showed
that there was no significant overall difference between
the experimental and control groups. Regarding infection,
golimumab only showed the highest risk, significant difference
to their control, and statistically significant heterogeneity.
Risk to develop serious infection was found more in patient
taking certolizumab and golimumab: newer TNF-alpha
inhibitors. A recent study using data from the North American
CORRONA registry indicates that MTX and TNF inhibitor
therapy and the combination of both are all associated with
a comparable increase in the incidence of overall infections
as well as opportunistic infections.'¥ In a study done by
Codreanu and Damjanov, certolizumab pegol demonstrated a
statistically significant increase in serious infections compared
with placebo (OR = 4.75; 95% CI: 1.52-18.45)."”y However,
data on the infectious complication risk with the newer TNF
inhibitors such as golimumab and certolizumab are still
limited.[" A study done by Keyser showed that overall increase
in infection particularly serious infection risk under rituximab,
abatacept, tocilizumab, and anakinra are somewhat lower or
seems to be associated more with concomitant other biologic
therapies.!"¥ Clinicians considering starting biological therapy
for an RA patient should be aware that biological therapy
further increases the already moderately increased infection
risk of the RA patient. Precautions needed before the start of
biological therapy include checking and updating the patient’s
vaccination status and screening for latent tuberculosis.['3]

Infusion reaction result of this study showed that the risk
was high (RR [95% CI]J: 3.03 [1.26-7.30]) but no significant
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difference to their control in tocilizumab. Only rituximab
showed statistically significant higher risk compared to their
control. Rituximab is an effective and relatively safe option
to be considered in patients who are refractory or intolerant
to the anti-TNF biologics. Infusion reactions appear to be a
disadvantage of the drug when compared to other available
biological agents, but their incidence is reduced with
glucocorticoids premedication and in subsequent infusions.
The immunogenicity of rituximab does not seem to correlate
with efficacy or the incidence of infusion reactions. Pooling
of data from randomized controlled trials of rituximab in RA
revealed that first infusion reactions occurred in approximately
25% of patients. Most reactions were mild to moderate in
severity, with the most common symptoms being headache,
skin itchiness, throat irritation, flushing, rash, hypertension,
and pyrexia. The rates of infusion reaction in the second, third,
fourth, and fifth course of rituximab were 13%, 9%, 9%, and
3%, respectively.!'¥

Regarding infusion site reaction, though adalimumab
showed the highest risk (RR [95% CI]: 6.15 [0.61-65.52]),
it is not statistically significant when compared to control.
Hence etanercept which is statistically significant when
compared to control has the highest risk to develop infusion
site reaction (RR [95% CI]: 5.33 [3.55-8.00]). Statistically
significant heterogeneity found only in adalimumab and
certolizumab. A meta-analysis done by Alonso-Ruiz et al.
showed adalimumab had a risk to develop infusion site
reaction which was 1.7 (1.0-3.0) and showed statistically
significant heterogeneity.[”) Highest risk to develop infusion
site reactions was found with etanercept 5.1 (2.9—-8.8) which
was similar to our finding.!”?

Regarding malignancy, no significant overall difference
between the experimental and control groups in the
development of malignancy, with a pooled RR (95% CI)
of 1.30 (0.82-2.06). There was no statistically significant
heterogeneity among the drugs (Q = 28.65; P < 0.0001, /*:
5.77) and not within the groups given each specific drug.
A meta-analysis done by Alonso-Ruiz et al. showed similar
result of no significant overall difference between experimental
and control group, with a pooled RR (95% CI) of 1.5 (0.8—
3.0) and no statistically significant heterogeneity.” Risk to
malignancy was found highest in infliximab group (RR [95%
CI]: 2.33[0.68-8.04]), but it showed no significant difference
to their control group similar to meta-analysis done by
Alonso-Ruiz et al. " In this study, only adalimumab showed a
significant difference to their control counterparts, this finding
is contrary to Alonso-Ruiz et a/.”’ Study done by Codreanu and
Damjanov showed treatment with TNF inhibitors may increase
the risk of skin cancer in patients with RA which was revealed
from long-term safety data were obtained from the registries
established in Europe, the USA, and Asia.l'?

RA is associated with reduced life expectancy. Whether the
development of RA initiates this process of premature aging
or is part of it is not clear. The excess mortality is apparent

within the first few years of disease and increases with RA
disease duration. Most of the excess deaths are attributable
to infection, cardiovascular disease (in particular coronary
heart disease), and respiratory disease.['*'Mortality results
also showed similarity with meta-analysis of Alonso-Ruiz
et al. that there was no significant difference found
between the experimental and control groups in terms of
mortality during the treatment with overall and individual
drug."'"There was no statistically significant heterogeneity
among the drugs a nd not within the groups given each
specific drug. A study done by Nakajima et al. showed
that mortality in RA patients exposed to biologics did
not exceed that in patients not exposed to biologics, but
death from pulmonary manifestations was proportionally
increased in RA patients exposed to biologics.!¢!

This overview has some limitations. The studies included
were randomized, controlled trials with strict inclusion
and exclusion criteria, which may not represent the patient
population in a clinical setting. The included reviews consist of
randomized controlled trials that differed in patient population
characteristics such as the duration of RA disease, prior failed
therapy, concomitant MTX use, and trial duration. Furthermore,
delayed and rare adverse effects would not be detected by
these controlled trials. Long-term monitoring of patients and
postmarketing surveillance may reveal a different picture, and
pharmacists and other health-care professionals involved in the
treatment of RA should remain aware and educated in this area.

CoNncLusIoN

We have concluded that a total number of AEs was found
more with abatacept followed by adalimumab and rituximab.
Withdrawal due to AE found more with anakinra. The risk to
develop SAEs, infection and serious infection, was more with
newer TNF-alpha inhibitors: golimumab and certolizumab.
Infusion reaction develops more with rituximab. Etanercept
showed the highest risk to develop infusion site reaction.
Biological response modifiers showed no difference to their
control counterparts in malignancy and mortality risk. Our
meta-analysis helps to clarify some frequently encountered
safety questions in the clinical care of RA patients.
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