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Ocrelizumab demonstrates positive outcomes in patients with multiple sclerosis. However, approximately 40% of patients experience infusion-
related reactions (IRRs), which can reduce adherence despite premedications. This review examines the safety of shortened infusion protocols in
reducing IRRs and improving the patient experience. Additionally, other strategies for minimizing IRRs are discussed. Scopus, PubMed, and the
Cochrane Library were searched up to November 30, 2024, for cohort studies, as well as randomized and non-randomized clinical trials. Seven
studies were included following two stages of screening. The primary outcome was a documented reduction in the incidence rate of IRRs. The
seven included studies comprised a total of 1,834 patients. Overall, shorter-infusion protocols were found to be safe as conventional protocols, with
only a slight increase in IRR incidence. Patients receiving shorter infusions at home reported higher satisfaction, comfort, and confidence. Splitting
the first dose appears to be safer than administering a full dose at once, although a single full dose is also relatively safe. Shorter infusion rates and
a single full dose of ocrelizumab are generally preferred to save time and effort. Premedication has been shown to reduce IRRs, and patients report
greater comfort with at-home infusions. Further clinical trials are needed to evaluate all proposed procedures and to establish a comprehensive
understanding of the optimal management strategies for ocrelizumab-related IRRs.
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Introduction The advent of disease-modifying therapies has transformed
MS management, providing options to reduce relapse rates,
slow disease progression, and enhance quality of life. Among
these, ocrelizumab—a humanized monoclonal antibody
(mAb) targeting CD20-positive B-cells—has demonstrated
efficacy in both relapsing and primary progressive forms of
MS (4,5). By modulating immune activity, ocrelizumab targets
the inflammatory mechanisms driving the disease. Despite its
therapeutic benefits, its use can be complicated by infusion-
related reactions (IRRs), ranging from mild symptoms, such as
itching and flushing, to severe issues like shortness of breath
and hypotension (6).

Multiple sclerosis (MS) is a chronic autoimmune disorder of
the central nervous system characterized by inflammation,
demyelination, and axonal damage (1). This debilitating disease
presents with a wide range of symptoms, including sensory
disturbances, motor impairments, and cognitive dysfunction.
MS disproportionately affects younger adults aged 20-44 years.
Globally, it accounted for over 973,300 disability-adjusted life
years and 16,300 deaths in 2021, underscoring its substantial
impact on health and productivity (2,3).
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IRRs, often triggered by cytokine release during infusion,
represent a significant barrier to treatment adherence and
optimal outcomes. These reactions are commonly observed
with mAb treatments and can occur via multiple pathogenic
mechanisms, including cytokine release syndrome and
hypersensitivity reactions mediated by immunoglobulins
E and G (7,8). IRRs may delay therapy, lead to treatment
discontinuation, or diminish the therapeutic benefits
of ocrelizumab (9). Effective management of IRRs is essential and
includes premedication with antihistamines, corticosteroids,
and antipyretics, along with close monitoring during and after
infusions (10). Despite these premedication strategies, IRRs still
occur in 34-40% of patients receiving ocrelizumab, with the
highest incidence observed during the first infusion (11). To
address these challenges, recent efforts have explored
shortening infusion durations as an alternative strategy to
reduce IRR incidence and severity while improving overall
patient experience.

While existing research has examined IRRs with monoclonal
antibodies, there remains a need for more focused investigation
of ocrelizumab-specific IRRs. A deeper understanding of their
frequency, underlying mechanisms, and risk factors could
refine clinical protocols and enhance safety. Clarifying these
mechanisms may also improve risk prediction and inform
targeted strategies to mitigate adverse reactions.

The absence of well-defined criteria for stratifying patients’
IRR risk presents a challenge to personalizing ocrelizumab
therapy. In addition, the long-term impact of IRRs on treatment
adherence remains understudied; such reactions may lead to
therapy discontinuation or hesitation to continue, ultimately
compromising effective disease management. By systematically
evaluating shortened versus conventional infusion protocols,
this review aims to assess whether reduced administration
times can lower IRR rates while maintaining treatment efficacy.
The findings may inform more patient-centered treatment
approaches, optimizing adherence and improving quality of
care for individuals with MS.

Materials and Methods

This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines (12).

Search Strategy, PICO, and Study Eligibility Criteria

Databases,including PubMed, Cochrane Library,and Scopus, were
searched till November 30, 2024. The search strategy used was:
("IRR*" or “Infusion-Related Reaction*” or “Infusion Reaction*" or
“Infusion Event*”or“Infusion Syndrome*”) and ("Multiple Sclerosis”
or "MS" or "Disseminated Sclerosis” or “Cerebrospinal Sclerosis” or
‘Autoimmune Demyelinating Disorder” or “Encephalomyelitis
Disseminata”) and (“Ocrelizumab”or “Ocrevus”).

Additionally, we made subtle modifications to the search
strategy for each database to ensure the most comprehensive
results.

The study population included adult patients aged 18-65
years with MS receiving ocrelizumab as the primary treatment.
Interventionsincluded any procedures and/or medications used
to reduce the incidence or severity of IRRs. As a control, we used
data from patients who were not exposed to the interventions
described above. The primary outcome of interest was the
reduction in IRRs, measured using the Common Terminology
Criteria for Adverse Events. Secondary outcomes included
treatment satisfaction (Treatment Satisfaction Questionnaire
for Medication), sleepiness (Stanford Sleepiness Scale), fatigue
(Visual Analog Scale-Fatigue; Modified Fatigue Impact Scale),
and disease impact (Multiple Sclerosis Impact Scale) scores.

We included prospective and retrospective studies, randomized
and non-randomized trials, and sub-studies that assessed
ocrelizumab IRR incidence as a primary outcome. Studies
evaluating IRR incidence as a secondary outcome were included
only if they reported sufficient data. Case reports and case series
were excluded, as none provided detailed data or management
procedures. We also excluded studies lacking essential data,
animal or in vitro studies, book chapters, conference abstracts,
and publications presented solely as commentaries.

Study Screening, Quality Assessment, and Data Extraction

Initially, one researcher identified and eliminated duplicate
studies based on title, author, publication year, and DOI.
Screening was then conducted in two stages: in stage 1, studies
were evaluated based on titles and abstracts; in stage 2, full-text
screening was performed using the aforementioned eligibility
criteria. Both stages were performed by three independent
authors, with a fourth author resolving any conflict.

Quality assessment was performed using the Cochrane’s
Risk of Bias Tool for randomized trials. Non-randomized trials
were evaluated using the Newcastle-Ottawa Scale (NOS).
Assessments were conducted independently by two authors,
with a third author resolving any disagreements. Data from
eligible studies were extracted using a standardized Excel
form, including publication characteristics (authors, national
clinical trial numbers, year, study duration) and study design
(intervention details, control and treatment groups, total
number of participants). Patient demographics (age and
gender), as well as study outcomes and conclusions, were also
recorded.

Search Results

The literature search identified a total of 745 studies using a
pre-formatted search strategy: 59 from PubMed, 645 from
Scopus, and 41 from Cochrane. Using EndNote, 76 duplicate
studies were removed before the first stage of screening. A
total of 699 studies underwent title and abstract screening, of



which 635 were excluded. Following full-text review, seven of
the remaining 41 studies met the inclusion criteria and were
included in this systematic review.

See PRISMA flow diagram (Figure 1).

Study Characteristics

The seven included studies comprised a total of 1,834 patients.
Five studies (9,13-16) were clinical trials: four of which were
randomized and one non-randomized. Two (17,18) were cohort
studies: one was a single-center cohort (comparative analysis),
and the other was an open-label, single-arm, non-randomized
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study. Study durations ranged from 2 to 252 weeks. All studies
reported comparable mean ages, ranging from 34.2 to 482
years, and EDSS scores ranging from 0 to 6.5. Sample sizes varied
from 19 to 745 participants. Regarding gender distribution, 586
patients were male and 1,248 were female, representing 68%
female participants. An analysis of 4,495 MS patients found
that 3,030 were female (67.4%), confirming that our study
population aligns with the gender-based prevalence of MS (19)
(Tables 1 and 2).

Four studies (13-15,18) evaluated the safety of rapid ocrelizumab
infusion and its effect on IRRs. One study assessed IRRs and
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Figure 1. PRISMA flow diagram of study selection. Flow diagram summarizing the identification, screening, eligibility, and inclusion

process of studies in the systematic review

PRISMA: Preferred reporting items for systematic reviews and meta-analyses
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Table 1. Demographic and clinical characteristics of included studies. Overview of patient demographics and clinical
characteristics across the included studies, including treatment regimens, age, gender distribution, and MS subtypes

Treat t . n) Gender Age, year Type of EDSS score
reatment regime (n
s male/female (mean + SD) phenotype (n)  (mean + SD)
PPMS =75
1. Zanetta et al. (18) OCR-RI, OCR-SI 154/215 39.9 (10.5) RRMS =274 3(3.33)
SPMS =20
) ) PPMS
(21' gbbas' Kasbietal. | g elizumab 82/250 38(9.9) RRMS 3(2.22)
Total: 332
Cohort 1: 36/59 Cohort 1: 41.7 (8.8) PPMS =12
3.Vollmer et al. (13) OCR-SI Cohort 2: 12/34 Cohort 2:41.1 (8.7) RMS _;29 2.64 (1.67)
Total: 48/93 Total: 41.5(8.8) -
Ocrelizumab pretreated | cCetirizine: 1/6 Cetill;iZilli‘e?&Z (4) | ppms =1
with cetirizine, . i Diphenhydramine: _ Not
4.Smoot et al. (9) ocrelizumab pretreated Diphenhydramine: 3/9 | 4¢ 3 3.1) RRMS =16 mentioned
with diphenhydramine | Total:4/15 Total: 47.5 (3.6) SPMS =2
PPMS Not
5.Hartung etal. (14) | OCR-RI, OCR-SI 271/474 34.2(8.8) .
RRMS mentioned
6.B letal. (15 PPMS
ermel etal. (15) OCR-SI Not mentioned 36.7 (8.1) Not .
NCT0237856 RMS mentioned
7.B tal. (17 PPMS =13
arrera etal. (17) Home-based ocrelizumab | 27/72 423 (7.7) 2(1.11)
NCT04650321 RMS =178

MS: Multiple sclerosis, SD: Standard deviation, EDSS: Expanded Disability Status Scale, OCR-RI: Ocrelizumab rapid infusion, OCR-SI: Ocrelizumab standard infusion,
PPMS: Primary progressive multiple sclerosis, RRMS: Relapsing remitting multiple sclerosis

Table 2. Summary of study characteristics. Overview of study designs, participant numbers, treatment arms, and study
durations for the seven studies included in the review

Total number of  Study period

Type of ocrelizumab Treatment group (number of participants) e oy e [ v
1. Zanettaetal.(18) | ORI OCR-RI: 283 369 291
' ' OCR-SI OCR-SI: 86
Two 300 mg
2. Abbasi Kasbi et al. ocrelizumab doses/ Two 300 mg ocrelizumab doses: 150 332 Not
(16) One 600 mg One 600 mg ocrelizumab dose: 182 mentioned
ocrelizumab dose
Cohort 1: 95
3.Vollmeretal.(13) | OCR-SI onor 141 48
Cohort 2: 46

Ocrelizumab pretreated
with cetirizine/
Ocrelizumab pretreated
with diphenhydramine

Ocrelizumab pretreated with cetirizine: 10/
Ocrelizumab pretreated with 19 24
diphenhydramine: 9

4.Smoot et al. (9)

5. Hartung etal,(14) | CCF R OCR-RI: 373 745 120
: getal OCR-SI OCR-SI: 372
6.B letal. (15

ermeletal. (13| oep-si OCR-SI: 129 129 9%
NCT0237856
7.B tal. (17 i

arvera etal. (17) Hom.e based Home-based ocrelizumab: 99 929 2
NCT04650321 ocrelizumab

OCR-RI: Ocrelizumab rapid infusion, OCR-SI: Ocrelizumab standard infusion



patient satisfaction using patient-reported outcomes during
at-home ocrelizumab administration (17). Another study
examined the effects of administering 600 mg of ocrelizumab
and compared it with the current standard protocol in terms
of IRR frequency during the first infusion (16). The final study
focused on optimizing treatment safety by investigating
diphenhydramine as a premedication and its impact on reaction
severity and patient satisfaction (9). All studies included both
types of MS, except for two that enrolled only patients with
relapsing-remitting MS (14,17).

Score

Barrera et al Bermel et al

Study ID

8
4

2

0

Baniamer et al. Management of ocrelizumab IRRs

Risk of Bias

Due to the heterogeneity of study designs, the risk of bias for
included studies was assessed using two tools: the NOS (20) for
four non-randomized studies (13,15,17,18), and the risk of bias
tool (ROB) (21) for three randomized studies (9,14,16). All studies
evaluated with NOS scored between 7-8 (Figure 2), indicating a
low ROB. Using ROB, one study was assessed (9) as having a high
risk of bias due to concerns about outcome measurement and
selective reporting. Another study was rated as having some
concerns regarding the randomization process and a high ROB
for outcome measurement (16). The final study was judged to
have a low ROB score (Figure 3) (14).

criteria

. Comparabilty
B oucome
B seiecton

Volimer et al Zaneta et al

Figure 2. Newcastle-Ottawa Scale (NOS) assessment for non-randomized studies. Quality assessment scores of the included non-

randomized studies based on the NOS criteria

Risk of bias domains

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

@ High

- Some concerns

. Low

Figure 3. Risk of bias by domain for randomized studies. Domain-specific risk of bias assessments for randomized trials, evaluated using

the ROB2 tool and categorized by level of concern
ROB2: Cochrane’s Risk of Bias Tool
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Outcomes
Conventional vs. Shorter Infusion

One sub-study, comparing conventional and shorter infusion
groups in patients receiving six doses of ocrelizumab 600 mg,
found a similar number of patients experiencing IRRs after the
firstdose (101/373 vs. 107/372 patients, respectively) (14). Across
all six doses in the sub-study, the proportion of patients
experiencing IRRs was similar between groups (41.6% vs.
46.2%). Most IRRs were mild or moderate (Grade 1-2), occurring
in 99.4% of patients in the conventional infusion group and
97.7% in the shorter infusion group. Only five reactions were
severe (Grade 3): one in the conventional infusion group and
four in the shorter infusion group.

No Grade 3 or higher IRRs were reported after the second
dose, and no patients discontinued treatment due to IRRs.
The most common IRRs during the first infusion were throat
irritation (18.8% vs. 29.9%) and dysphagia (6.9% vs. 7.5%) in the
conventional and shorter infusion groups, respectively. Within
24 hours post-infusion, headache (25.7% vs. 17.8%) and fatigue
(22.8% vs. 18.7%) were the most frequently reported adverse
events.

In another sub-study (15), patients receiving a single dose of
ocrelizumab (600 mg) via shorter infusion experienced no
severe or life-threatening IRRs. Grade 1-2 IRRs were reported in
12.4% of patients, consistent with findings from the main study,
particularly at dose 3. Infusion rate reduction or treatment
interruption was required for nine patients, as observed at dose
3, and all IRRs resolved without further medical intervention.

In study, patients receiving a single dose of home-based
ocrelizumab (600 mg) infusion over 2 h were assessed, with
25.3% (95% Cl: 16.7-33.8%) experiencing an IRR of any grade
(17). Of these, 18.2% were Grade 1 and 7.1% were Grade 2, with
no IRRs > Grade 3 reported.

Another study evaluated patients receiving varying numbers of
ocrelizumab 600 mgdoseswithaninfusiontimereducedfrom3.5
to 2 h (18). Overall, 25 patients (8.8%) in the rapid infusion group
and 13 patients (15.1%) in the conventional group experienced
IRRs. The frequency of IRRs did not differ significantly between
the two groups. Most IRRs were mild (Grade 1, 81.6%)
or moderate (Grade 2, 18.4%).

Full First Dose (600 mg) vs. Split Dose (300 mg)

One study compared IRRs of the first dose 600 mg vs. two
300 mg showed that most of the IRRs were mild in both (two
300 mg doses and one 600 mg dose) groups (16).

Shorter Full Dose vs. Shorter Split Dose

In sub-study, patients were divided into two cohorts: cohort
1 (n=95) received 600 mg of ocrelizumab over 2 hours, while
cohort 2 (n=46) received a split dose of 300 mg over 1.5 hours
(13). The results were as follows:

In cohort 1, 35 patients experienced IRRs during the first dose
and 30 during the second dose, whereas only 7 patients in
cohort 2 experienced IRRs. No observed Grade 3 or 4 IRRs were
reported in either cohort.

In cohort 1, 14% of patients experienced IRRs that required
interruption or slowing of the infusion, while no such
interruptions occurred in cohort 2.

Premedication

IRRs were compared between groups that received different
premedications in the study (9): one group received oral
cetirizine (10 mg), and the other received diphenhydramine
(25 mg). Following the first infusion of the initial dose, each
group reported six IRRs (corresponding to 60% of the cetirizine
group and 67% of the diphenhydramine group). At the end of
the study (after two doses), 80% of patients in the cetirizine
group and 89% in the diphenhydramine group experienced at
least one IRR. The incidence of IRRs was similar between groups,
with no increase in severity and no Grade 3 events reported
(Table 3).

Patient Satisfaction

After blinding in the study, most patients in the conventional
group chose to switch to short-infusion (79.7% (n=279/350),
whereas most patients in the short-infusion group opted
to continue with short-infusions (94.6%; n=331/350) (14).
Among patients who preferred conventional infusions (n=90),
57.7% (n=51/90) had experienced IRRs, compared to 42.0%
(n=256/610) of those who preferred shorter infusions.

A significant improvement in the overall infusion experience
was reported by patients receiving at-home infusions (17). They
described feeling more comfortable, safer, and respected. They
also noted that nurses provided clearer explanations compared
with the hospitals.

Discussion

This systematic review provides the most recent data about the
procedural interventions to reduce IRRs in patients receiving
ocrelizumab for MS. Management of IRRs is rarely discussed in
general, and specifically for ocrelizumab. In patients with MS,
experiencing IRRs is critical as it may lead to treatment delays
or discontinuation; therefore, preventing these reactions is
essential for successful treatment.

“Do no harm”is a fundamental principle in medical practice.
Despite this, fewer than 10% of systematically published reviews
each year assessed harm associated with medical interventions
as their primary objective (22).

Short vs. Conventional

Shorter infusions did not significantly increase the incidence or
severity of IRRs in any of the studies (2-6). However, in one study,
only 0.53% of patients could not tolerate the short infusion and
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Table 3. Summary of Interventions and IRR Outcomes. Comparative overview of intervention strategies, infusion-related
reaction (IRR) rates, and key findings across the included studies evaluating ocrelizumab administration in patients with
multiple sclerosis

phase lllb (2h)

Intervention Comparator IRR rate IRR severity Key finding
Shortened
Zanetta et al.
Cohort 600 mg over 2 h 600mg over 35h 8.8% vs. 15.1% | Mild-moderate infusion showed
(18) (Shortened) (Conventional) fewer IRRs
Abbasi Kasbi et al. RCT One 600 mg dose | Two 300 mg doses | Similar Mostly mild Both d(.)smg
(16) strategies are safe
Open-label | 600 mg (2 h) or Cohort 2 had Shorter infusions
Volimer etal. (13) phase lllb 300 mg (1.5 h) None fewer IRRs No Grade =3 well-tolerated
Both
Smoot et al. (9) RCT Cetlrlzm.e . Dlphenhydramlne 80% vs. 89% No Grade 3 prenjethatlons
premedication premedication are similarly
effective
41.6% vs. . No significant
Hartung et al. (14) RCT 600 mg over 2 h 600 mg over 3.5 h 26.2% Mild-moderate difference in IRRs
Sinale-arm No severe IRRs,
Bermel et al. (15) 9 600 mg over 2 h None 12.4% Grade 1-2 only consistent with
phase lllb -
prior data
At-home infusion
Barrera et al. (17) Open-label | 600 mg at home Historical control 25.3% Grade 1-2 only is safe and well-

tolerated

IRR: Infusion-related reaction, RCT: Randomized controlled trial

continued ocrelizumab treatment, representing a very small
percentage (14).

Short infusion is a feasible and patient-preferred option, with
80% of patients opting to switch to shorter infusions (14).
Reducing infusion time also helps optimize clinic scheduling
and reduce staff workload. Additionally, at-home short infusions
demonstrated positive outcomes and increased patient
comfort, providing an alternative for stable MS patients (17).

This is primarily because peak ocrelizumab concentrations were
similar between shorter and conventional infusions, suggesting
no increase in drug exposure-related toxicity (14). Additionally,
premeditation reduced cytokine release and hypersensitivity
reactions.

The incidence of IRRs varies widely across studies due to
multiple factors. Higher IRR rates in open-label studies
suggest ascertainment bias, where clinicians and patients may
over-report mild symptoms due to heightened awareness
(13). Some studies included treatment-naive patients (9), who
typically experience higher IRR rates compared with pre-
exposed patients (18). Additionally, some studies captured
IRRs only during infusion (13), while others included events
occurring within 24 hours post-infusion (14). Non-standardized
IRR definitions across all studies further contribute to variability
in reported rates.

Premedication

Methylprednisolone and antihistamines were administered
universally  (9).  Cetirizine  was  non-inferiority  to

diphenhydramine in preventing IRRs and was associated with
fewer sedative side effects. Some studies allowed on-demand
dose adjustments, which may also contribute to variability in
reported IRR severity (9).

The First Dose

As per the standard protocol, the first dose is administered in
two infusions to reduce IRR rates. However, a single 600 mg
dose may be considered, as there is no difference in 24-hour
post-infusion or life-threatening reactions. Slightly higher IRR
rates can be managed by increasing premedication or reducing
the infusion rate (16).

Study Limitations

The included studies were highly heterogeneous, which
influenced the reported incidence of IRRs and prevented a
meta-analysis. Additionally, long-term safety data were lacking,
limiting the generalizability of our findings for long-term
management and hindering the detection of complications
that may develop over time, such as malignancies and
infections. The primary progressive multiple sclerosis cohorts
were small compared to the relapsing-remitting multiple
sclerosis cohorts. Additionally, only a few studies reported
details on premedication administered before infusion.

Future Directions

Further studies are needed to investigate different strategies
for reducing IRRs and to establish a safer infusion protocol for
ocrelizumab. In particular, additional trials on premedication
strategies would significantly contribute to the literature. Long-
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term observational studies are also warranted to provide a
deeper understanding of ocrelizumab adverse events. Finally,
standardizing the definition of IRRs would allow for more
consistent and comparable results across studies.

Conclusion

Short and at-home infusions demonstrated safety comparable
to conventional infusions, while offering a more comfortable,
patient-preferred option. The single 600 mg first infusion was
associated with slightly higher IRR rates, which can be easily
managed. Both cetirizine and diphenhydramine were effective
as premedications, showing similar reductions in IRR incidence.
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