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5.74], p < 0.00001), and Sharp/van der Heijde radiological 
score (RR = 1.63, 95% CI [1.43, 1.85], p < 0.00001). These 
effects were consistent among all ocrelizumab doses. The 
rates of serious adverse events were comparable between 
the ocrelizumab and placebo containing groups (RR = 1, 
95% CI [0.78, 1.28], p = 0.98). However, infusion related 
reactions were significantly higher in ocrelizumab group 
(RR = 2.13, 95% CI [1.69, 2.68], p < 0.00001), compared 
to placebo group. The combination of ocrelizumab plus 
methotrexate was superior to methotrexate plus placebo on 
all clinical and radiographic improvement scales. The inci-
dence of adverse events, including serious adverse events, 
was comparable between both groups. Future trials should 
investigate the efficacy of ocrelizumab alone and develop 
strategies to alleviate its related infusion reactions.

Keywords Ocrelizumab · B cell · Rheumatoid arthritis · 
Methotrexate
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Abstract We conducted this systematic reviews and 
meta-analysis to investigate the safety and efficacy of ocre-
lizumab in patients with active rheumatoid arthritis (RA) 
who exhibited resistance or intolerance to methotrexate 
or biological therapy. We performed a web-based litera-
ture search of PubMed, Google Scholar, EBSCO, Scopus, 
Embase, and Web of science for studies that compared 
ocrelizumab plus methotrexate versus methotrexate plus 
placebo in RA patients. Data were extracted from eligi-
ble studies and pooled as risk ratios (RR), using RevMan 
software. Pooling data from four RCTs (2230 patients) 
showed that ocrelizumab plus methotrexate were supe-
rior to methotrexate plus placebo at 24 weeks in terms 
of improvement on the American college of rheumatol-
ogy (ACR20, ACR50, and ACR70) criteria (p < 0.00001), 
disease activity score 28-ESR (RR = 3.77, 95% CI [2.47, 
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Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune dis-
order, characterized by symmetric progressive damage of 
affected joints, and it affects 0.5 to 1% of the global popula-
tion with an estimated annual incidence of 0.02 to 0.05% 
[1, 2]. The resulting decline of productivity and increase in 
the cost of healthcare can become a significant burden to 
both individuals and societies [3]. Early management of RA 
with disease modifying anti-rheumatic drugs (DMARDS) 
as methotrexate (MTX) or biologic agents as tumor necro-
sis factor (TNF) inhibitor may efficiently control the dis-
ease activity and prevent further joint damage [4]. Recent 
studies have suggested a central role for B (CD20) cells in 
the pathogenesis of RA through auto-antibody formation, T 
cell activation, production of pro-inflammatory cytokines, 
and regulation of dendritic cell function [5–7]. Therefore, 
novel biologic anti-CD20 DMARDs have been recently 
introduced to improve therapeutic outcomes and disability 
prognosis in patients with insufficient response to conven-
tional DMARDs.

Rituximab (RTX), a chimeric monoclonal anti-CD20 
antibody, has demonstrated clinical efficacy and a long-
term safety profile in RA patients with an inadequate 
response to conventional therapeutic agents [8, 9]. It 
has been recently approved for treatment of active RA 
in Europe and the United States. Ocrelizumab (OCR) 
(rhuMAb 2H7) is a humanized monoclonal antibody that 
selectively targets a different molecule on the B cell CD20 
receptor. It is hypothesized that ocrelizumab may offer a 
higher tolerability than rituximab owing to its humanized 
nature, which may decrease associated immunogenicity 
[10]. Moreover, in  vitro studies have demonstrated that 
OCR induced higher antibody-dependent cell mediated 
cytotoxicity (ADCC) and lower complement-dependent 
cytotoxicity (CDC) than rituximab [11].

Recently, several clinical trials have evaluated the tol-
erability and efficacy of ocrelizumab in RA patients 
who exhibited an inadequate response to conventional 
DMARDs or biologic therapy [12–15]. Therefore, we con-
ducted this systematic review and meta-analysis to synthe-
size evidence from published randomized controlled trials 
(RCTs) regarding the safety and efficacy of ocrelizumab for 
patients with active RA.

Methods

We performed all steps in this study in a strict accordance 
with the Cochrane handbook of systematic reviews of inter-
ventions [16]. We also followed the PRISMA statement 
guidelines during reporting this systematic review and 
meta-analysis [17].

Search strategy

We searched six electronic databases: PubMed, Google 
Scholar, EBSCO, SCOPUS, Embase, and Web of science 
through March 2016 using the following query: [Ocreli-
zumab OR CD20 Antagonist AND Rheumatoid Arthritis]. 
No time or language restrictions were imposed. We also 
searched the reference lists of eligible articles to find rel-
evant studies.

Study selection

We included randomized controlled trials (RCTs) that com-
pared ocrelizumab plus methotrexate versus placebo plus 
methotrexate in patients with active RA who exhibited 
resistance or intolerance to DMARDs or TNF inhibitors. 
We excluded studies that compared ocrelizumab to other 
therapeutic regimens or enrolled treatment-naïve patients. 
We also excluded observational, non-randomized studies, 
and studies from which data could not be reliably extracted. 
Eligibility screening was conducted in two steps, each by 
two independent reviewers: (a) title and abstract screening 
for matching the inclusion criteria, and (b) full text screen-
ing for eligibility to quantitative analysis. Disagreements 
were resolved upon the opinion of a third reviewer to reach 
a final decision.

Main outcome variable

Two authors extracted the relevant data independently and 
another author resolved disagreements. The extracted data 
included the following: (a) characters of study design, (b) 
characteristics of study patients, (c) risk of bias domains, 
and (d) study outcomes including:

1. Efficacy outcomes:

–– American College of Rheumatology (ACR) improve-
ment score: represents a percentage of improvement 
of RA manifestations with fixed scores of 20, 50, 
and 70%. It is used to assess the improvement in ten-
der or swollen joint counts, patient’s global assess-
ment of disease activity, physician’s global assess-
ment of disease activity, patient’s assessment of 
pain, functional disability questionnaire, and acute 
phase response [18].

–– Disease Activity Score 28 (DAS-28): a clinical index 
of RA disease activity that combines information 
from swollen joints, tender joints (out of 28 joints), 
acute phase response, and general health. A response 
is defined by achieving a score of less than 2.6 [19].

–– European League of Associations for Rheumatology 
(EULAR) improvement criteria: relies on the DAS 
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28 score to classify individual patients as non-, mod-
erate, or good responders, depending on the extent of 
change and the level of disease activity reached [20].

–– Health Assessment Questionnaire- Disability Index: 
a quality of life questionnaire in which the patient 
reports the degree of experienced difficulty in per-
forming common daily activities such as eating, 
dressing, and walking. A response is defined by 
achieving a meaningful reduction of 0.25 units or 
more [21].

–– Sharp/van der Heijde Score (SHS): a radiologic 
score of joint damage in which joint erosions are 
scored according to their number and their size in 
relation to the joint surface. A response was achieved 
if the progression of joint damage was less or equal 
to zero [22].

2. Safety outcomes: Incidence of all adverse events 
(AEs), serious adverse events (cardiac, nervous, gas-
trointestinal, musculoskeletal, and hematological), 
adverse events leading to withdrawal, infections, and 
infusion related reactions (IRRs).

Risk of bias assessment

To assess the risk of bias within each included study, two 
independent reviewers used the Cochrane risk of bias 
(ROB) assessment tool, adequately described in Chap. 8.5 
of the Cochrane handbook of systematic reviews of inter-
ventions 5.1.0 [16]. This tool can detect five types of bias 
including selection bias, performance bias, detection bias, 
attrition bias, and reporting bias. The authors classified 
included studies in each domain as low, high, or unclear 
risk of bias.

According to Egger’s and colleagues [23], publication 
bias cannot be assessed for less than ten included studies. 
Therefore, we were not able to check for publication bias 
using Egger’s funnel-plot-based methods due to the small 
number of included studies.

Data analysis

Data for dichotomous outcomes were extracted and pooled 
as risk ratios (RR) with 95% confidence interval in a fixed 
effect meta-analysis model, using the Mantel Haenszel 
(M–H) method. We used RevMan version 5.3 for win-
dows. Heterogeneity was assessed by Chi-square test and 
its extent was measured by I-square test. In case of signifi-
cant heterogeneity (Chi-square p < 0.1), the analysis was 
conducted under the random effects model and a sensitivity 
analysis was performed to resolve it.

A subgroup analysis by ocrelizumab dose was performed 
to precisely evaluate the effect of the two most commonly 
investigated doses (200 and 500 mg) on safety and efficacy 

outcomes. We also performed a sensitivity analysis to ver-
ify that none of the individual studies affected the results of 
our analysis.

Results

Our search retrieved 509 unique citations. Following title 
and abstract screening, 18 full text articles were retrieved 
and screened for eligibility. Of them, 14 articles were 
excluded and four RCTs [12–15] (n = 2230 patients) were 
included in this analysis (see PRISMA flow diagram) 
(Fig. 1). Reasons for exclusion of the 14 studies were as fol-
lows: eight full text articles were reviews [10, 24–30], two 
studies used other drug combinations [31, 32], one study 
enrolled treatment naïve patients [33], and three reports 
were conference abstracts [34–36]. For the included stud-
ies, a summary of their design and main results is shown 
in Table 1 and baseline characteristics of their patients are 
shown in Table 2.

All included studies were of a low risk of bias in terms 
of random sequence generation, blinding of participants 
and personnel, blinding of outcome assessment, incomplete 
outcome data, and selective outcome reporting. However, 
only two of the four included studies adequately reported 
how they achieved allocation concealment. A summary of 
risk of bias assessment domains and authors’ judgments 
with justifications are shown in Supplementary file 1.

Efficacy analysis

3. American college of Rheumatology (ACR) improve-
ment criteria (week 24):
(i) ACR 20: The overall effect estimate favored 

ocrelizumab plus methotrexate group over the 
placebo plus methotrexate group for ACR 20 
response rate (RR = 1.72, 95% CI [1.52, 1.96], 
p < 0.00001); pooled studies were heterogene-
ous (p = 0.08; I² = 55%) (Fig.  2a). Heterogene-
ity was best resolved by excluding the study by 
Rigby et  al. (RR = 2.08, 95% CI [1.69, 2.56], 
p < 0.00001); pooled studies were homogenous 
(p = 0.99; I2 = 0%).

(ii) ACR 50: The overall effect estimate favored 
ocrelizumab plus methotrexate group over the 
placebo plus methotrexate group for ACR 50 
response rate (RR = 2.22, 95% CI [1.79, 2.75], 
p < 0.00001); pooled studies were homogenous 
(p = 0.59; I² = 0%) (Fig. 2b).

(iii) ACR 70: The overall effect estimate favored 
ocrelizumab plus methotrexate group over the 
placebo plus methotrexate group for ACR 70 
response rate (RR = 2.54, 95% CI [1.74, 3.70], 
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p < 0.00001); pooled studies were homogenous 
(p = 0.95; I² = 0%) (Fig. 2c).

4. Disease Activity Score 28-ESR (DAS 28-ESR) 
week 48: The overall effect estimate favored ocreli-
zumab plus methotrexate group over the placebo plus 
methotrexate group for DAS 28-ESR response rate 
(RR = 3.77, 95% CI [2.47, 5.74], p < 0.00001); pooled 
studies were homogenous (p = 0.55; I² = 0%) (Fig. 3a).

5. European League of Associations for Rheumatology 
(EULAR) improvement criteria (week 24): The over-
all effect estimate favored ocrelizumab plus methotrex-
ate group over the placebo plus methotrexate group 
for achieving a moderate or a good response on the 
EULAR improvement criteria (RR = 1.98, 95% CI 
[1.70, 2.32], p < 0.00001); pooled studies were homog-
enous (p = 0.77; I² = 0%) (Fig. 3b).

6. Health Assessment Questionnaire-Disability Index 
(HAQ-DI): The overall effect estimate favored ocreli-
zumab plus methotrexate group over the placebo plus 
methotrexate group for improvement on HAQ-DI 
(RR = 1.75, 95% CI [1.55, 1.97], p < 0.00001); pooled 
studies were homogenous (p = 0.61; I² = 0%) (Fig. 3c).

7. Sharp/van der Heijde radiologic Score (SHS): The 
overall effect estimate favored ocrelizumab plus metho-
trexate group over the placebo plus methotrexate group 
for response on the Sharp/van der Heijde score (defined 
as a change in the SHS of 0) (RR = 1.63, 95% CI [1.43, 
1.85], p < 0.00001); pooled studies were homogenous 
(p = 0.12; I² = 58%) (Fig. 3d).

Safety analysis

The frequency of all adverse events (RR = 1.05, 95% CI 
[1, 1.09], p = 0.05), serious adverse events (RR = 1, 95% 
CI [0.78, 1.28], p = 0.98), adverse events that led to with-
drawal (RR = 1.06, 95% CI [0.59, 1.88], p = 0.85), infec-
tions (RR = 1.05, 95% CI [0.97, 1.15], p = 0.22), cellulitis 
(RR = 0.95, 95% CI [0.17, 5.21], p = 0.95), urinary tract 
infection (RR = 0.68, 95% CI [0.14, 3.38], p = 0.36), and 
pneumonia (RR = 1.45, 95% CI [0.53, 3.97], p = 0.47) were 
not higher in the ocrelizumab plus methotrexate group 
when compared to the placebo plus methotrexate group; 
pooled studies were homogenous (Chi-square p > 0.1).

The incidence of IRR was higher in the ocrelizumab 
containing group (RR = 2.13, 95% CI [1.69, 2.68], 
p < 0.00001), compared to placebo group. In patients who 
received two consecutive courses of ocrelizumab (two infu-
sions each); the incidence of IRRs with the first infusion 
of course 1 (RR = 2.48, 95% CI [1.86, 3.30], p < 0.00001) 
and course 2 (RR = 2.30, 95% CI [1.35, 3.90], p = 0.002) 
of ocrelizumab was significantly higher when compared 
to placebo. However, the frequency of IRRs did not dif-
fer between ocrelizumab and placebo containing groups in 
the second infusion of course 1 (RR = 0.81, 95% CI [0.54, 
1.22], p = 0.31) or course 2 (RR = 1.16, 95% CI [0.60, 
2.25], p = 0.66). For all IRRs, pooled studies were homog-
enous (Chi-square p > 0.1). Forest plots of safety outcomes 
are presented in supplementary file 2.

Fig. 1  The PRISMA flow 
diagram of studies’ screening 
and selection
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Subgroup analysis

Subgroup analysis showed that the effect estimate was con-
sistent among both ocrelizumab doses (200 and 500 mg) in 
all efficacy and safety outcomes, i.e. when the total effect 
estimates favored ocrelizumab plus methotrexate over pla-
cebo plus methotrexate, subgroup analysis showed that 
both ocrelizumab doses were superior to placebo and vice 
versa. An exception was the EULAR improvement criteria 
where the total effect estimate favored ocrelizumab group 
over placebo (RR = 1.98, 95% CI [1.70, 2.32], p < 0.00001) 
and subgroup analysis showed that the 500 mg ocrelizumab 
group achieved similar results to placebo (RR = 2.13, 95% 
CI [0.69, 6.58], p = 0.19). A summary of the results of sub-
group analysis is presented in Table 3.

Discussion

Our meta-analysis pooled data from four clinical trials 
(2230 patients) that investigated the safety and efficacy of 
ocrelizumab infusion for treatment of active RA in patients 
who are resistant or intolerant to methotrexate or TNF 
inhibitors. Clinical improvements on ACR20, ACR50, 
ACR70, EULAR criteria, DAS 28-ESR, and HAQ-DI were 
significantly higher in the ocrelizumab plus methotrexate 
(intervention) group, compared to methotrexate plus pla-
cebo (control) group. Radiologic improvement on Sharp/
van der Heijde radiologic Score was also higher in the ocre-
lizumab group, compared to the placebo group. In terms 
of safety, no adverse events were significantly higher in 
the ocrelizumab containing group, except for the incidence 

Fig. 2  The forest plots of risk 
ratios of improvement on the a 
American college of rheuma-
tology (ACR) improvement 
criteria 20, b ACR50, and c 
ACR70
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of IRRs, especially with the first infusion of course 1 and 
course 2. Considering the lack of efficacy of methotrex-
ate (the first line anti-rheumatic agent) or TNF blockers in 
enrolled patients of all included trials, our meta-analysis 
shows that ocrelizumab can be a safe and a potent anti-
rheumatic agent in patients who exhibited resistance to 
DMARDs (including MTX) or TNF blockers.

Subgroup analysis showed that the effect estimate was 
consistent across all ocrelizumab doses in all assessed 
outcomes, i.e. the effect of each independent dose 
was similar to the combined analysis of all doses. An 

exception was the EULAR improvement criteria in which 
the 500 mg dose group showed similar results to the pla-
cebo group. We believe this difference can be attributed 
to the small sample size of 500 mg subgroup in this par-
ticular outcome. The optimal ocrelizumab dose would 
offer the highest therapeutic response, without causing 
serious adverse events. Comparing different doses to 
select this dose was not possible using a meta-regression 
statistical test due to the small number of available stud-
ies. However, most of the included studies showed that 
the 200 mg dose achieved similar therapeutic response to 

Fig. 3  The forest plots of 
risk ratios of improvement 
on a Disease Activity Score 
28-ESR (DAS 28-ESR) week 
48, b European League of 
Associations for Rheumatol-
ogy (EULAR) improvement 
criteria, c Health Assessment 
Questionnaire-Disability Index 
(HAQ-DI), and d Sharp/van der 
Heijde radiologic Score
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higher doses, with a lower incidence of serious adverse 
events.

Viewing the current literature, the first study of ocre-
lizumab on humans was conducted by Genovese et  al. in 
2008 (ACTION trial) and showed that ocrelizumab at 
200 mg or higher is effective and well tolerated in patients 
with MTX resistant RA [12]. In 2012, two trials by Rigby 
et al. (STAGE trial), and Tak et al. (SCRIPT trial) showed 
a potent clinical activity of adding ocrelizumab to metho-
trexate in resistant RA patients. Rigby et  al. reported that 
the incidence of serious infections was higher in patients 
receiving 500 mg of ocrelizumab [13]; however, Tak et al. 
concluded that the rate of serious infections was higher in 
patients receiving either 200 or 500  mg of ocrelizumab, 
compared to the placebo group [15]. Another study by 
Harigai et al. [14] in Japanese population showed that ocre-
lizumab adds no clinical benefit to methotrexate and they 
recommended further investigation of more potent anti-B 
cell drugs [14].

Rituximab is another anti-B cell monoclonal antibody 
which is approved for treatment of patients with an inad-
equate therapeutic response to MTX or TNF blockers [8, 
9]. A systematic review of three clinical trials has shown 
that rituximab is a potent anti-rheumatic agent that does not 
increase the risk of serious adverse events, when compared 
to placebo. Optimization of its therapeutic response and 
long-term safety was attempted by molecular modifications 
of chemical structure, leading to production of ocrelizumab 

[37]. Compared to the results of the previous systematic 
review about rituximab, our analysis shows that both ocre-
lizumab and rituximab can be equally effective in treatment 
of MTX resistant patients with RA.

All included studies have reported a profound depletion 
of peripheral B cell count, immediately after ocrelizumab 
infusions. Genovese et al. suggested that such rapid deple-
tion due to B cell lysis may be responsible for the observed 
infusion related reactions after ocrelizumab infusions. 
They also reported that B cell repletion was faster in the 
lower dose groups. There is a current debate in the litera-
ture about whether the level of peripheral B cell depletion, 
induced by anti-B monoclonal antibodies, is associated 
with clinical efficacy. Vital et al. concluded that the clinical 
efficacy of rituximab is determined by the level of B cell 
depletion rather than the used dose [38]. This finding was 
reported for ocrelizumab in the ACTION trial by Geno-
vese et al. [12]. On the contrary, Stohl et al. reported that 
the level of B cell depletion was similar among all infused 
ocrelizumab doses, which was associated with a variable 
therapeutic response in treatment-naïve patients [33]. They 
argued that the subtle changes in peripheral B cell count 
may be translated into much greater differences in sec-
ondary lymphoid and synovial tissues. Of note, the anti-B 
cell monoclonal activity of ocrelizumab is currently under 
investigation for primary progressive multiple sclerosis [39, 
40], refractory follicular lymphoma [41], and acute prolif-
erative lupus nephritis [42].

Table 3  The results of subgroup analysis for 200 and 500 mg doses of ocrelizumab on major efficacy and safety outcomes

Ocrelizumab dose Ocrelizumab 200 mg Ocrelizumab 500 mg

RR 95% CI p value RR 95% CI p value

A. Efficacy outcomes
 1. ACR 20 (Week 24) 1.74 [1.52, 2.01] <0.00001 1.78 [1.55, 2.04] <0.00001
 2. ACR 50 (Week 24) 2.16 [1.71, 2.72] <0.00001 2.22 [1.76, 2.80] <0.00001
 3. ACR 70 (Week 24) 2.64 [1.77, 3.95] <0.00001 2.48 [1.65, 3.72] <0.0001
 4. EULAR improvement criteria (Week 24) 3.25 [1.13, 9.37] 0.03 2.13 [0.69, 6.58] 0.19
 5. HAQ-DI (Week 24) 1.65 [1.45, 1.89] <0.00001 1.85 [1.63, 2.10] <0.00001
 6. SHS radiological improvement (Week 24) 1.41 [1.28, 1.67] <0.00001 1.50 [1.38, 1.79] <0.00001

B. Safety outcomes
 1. All adverse events 1.03 [0.98, 1.08] 0.23 1.04 [1.00, 1.09] 0.08
 2. Serious adverse events 1.00 [0.74, 1.34] 0.98 1.04 [0.78, 1.39] 0.79
 3. Adverse events leading to withdrawal 1.33 [0.71, 2.49] 0.37 0.99 [0.46, 1.82] 0.79
 4. Cellulitis 0.32 [0.03, 3.09] 0.33 1.90 [0.35, 10.40] 0.46
 5. Urinary tract infections 0.97 [0.20, 4.69] 0.97 0.47 [0.04, 5.12] 0.53
 6. Pneumonia 1.18 [0.36, 3.81] 0.79 1.72 [0.58, 5.12] 0.33

C. Infusion related reactions
 1. Course 1 first infusion 2.07 [1.51, 2.84] <0.00001 2.94 [2.18, 3.96] <0.00001
 2. Course 1 s infusion 0.73 [0.44, 1.19] 0.21 0.89 [0.56, 1.42] 0.62
 3. Course 2 first infusion 2.45 [1.39, 4.31] 0.002 2.14 [1.20, 3.81] 0.01
 4. Course 2 s infusion 1.52 [0.74, 3.10] 0.25 0.64 [0.26, 1.55] 0.32



1063Rheumatol Int (2017) 37:1053–1064 

1 3

Future investigators are recommended to use longer fol-
low up periods to assess the sustainability of therapeutic 
response and long-term safety of ocrelizumab. Future tri-
als are encouraged to directly compare the safety and effi-
cacy of the two monoclonal antibodies (ocrelizumab versus 
rituximab). Some patients are severely intolerant to MTX; 
therefore, the safety and efficacy of ocrelizumab alone 
should be investigated. Clinicians should consider develop-
ing strategies to alleviate the infusion related reactions after 
ocrelizumab administration to optimize its safety profile.

All included studies were of a low risk of bias, adding to 
the credibility of our evidence. We performed a subgroup 
analysis to investigate the therapeutic efficacy of different 
doses on the prespecified outcomes. We also performed 
a sensitivity analysis to verify that none of the individual 
studies affected the results of our analysis and we found 
that none of the included trials had a much higher weight 
to shift the effect estimate of our analysis in its direction. 
Of the 2230 patients included in this analysis, there were 
242 (10.8%) withdrawals after randomization and receiv-
ing at least one dose of the compared regimens. However, 
we believe this attrition rate is unlikely to affect the results 
of our analysis because all included studies performed 
an intention to treat analysis and specified all reasons for 
withdrawal.

This meta-analysis has some limitations. The relatively 
small number of included studies introduces the possibil-
ity of publication bias, which cannot be reliably assessed 
if the number of included studies is small. The variability 
of clinical inclusion criteria, number of ocrelizumab infu-
sions, and follow up periods among pooled studies could 
have introduced bias into our meta-analysis. The longest 
follow up period was 72 weeks in the study by Genovese 
et  al., limiting the available data on the long-term safety 
and efficacy of ocrelizumab.

Conclusion

Our analysis shows that, in patients who exhibited resist-
ance to methotrexate or a TNF blocker, the combination of 
ocrelizumab plus methotrexate is superior to methotrexate 
plus placebo on all clinical and radiographic improvement 
scales. The incidence of serious adverse events was com-
parable between both combinations. Future trials should 
consider assessing the efficacy of ocrelizumab alone and 
develop strategies to alleviate the infusion related reactions 
following its administration.
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