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A B S T R A C T   

Background: The COVID-19 pandemic challenges multiple sclerosis services to be innovative in delivering 
infusible therapies. To reduce time in clinical settings, and potential staff or space losses, we implemented rapid 
infusion protocols for selected patients. 

Objective: To analyse the rate of infusion related reactions and patient experience of rapid infusions of 
natalizumab and ocrelizumab. To document time reduction patients spent in clinical settings during the COVID- 
19 pandemic. 

Methods: Patients with prior exposure to at least three natalizumab or two 300mg ocrelizumab infusions were 
approved for rapid protocols. A retrospective audit and survey were completed. 

Results: We analysed 269 rapid natalizumab infusions and 100 rapid ocrelizumab infusions. Infusion related 
reactions during the natalizumab or ocrelizumab infusions occurred in two patients (1.52%) and eight patients 
(8%), respectively. All infusion related reactions were mild to moderate and did not require infusion discon
tinuation. No infusion reactions occurred during the post-infusion observation. Patient experience was positive. 

Conclusion: Frequency or severity of infusion related reactions in rapid infusions were no different compared 
to published data. In the setting of COVID-19, pandemic rapid infusion protocols could potentially save hospital 
resources and limit patient exposure to a high-risk clinical setting while still maintaining ongoing treatment of 
multiple sclerosis.   

1. Introduction 

Highly effective disease modifying therapies (DMTs), including 
intravenously delivered monoclonal antibodies natalizumab (NTZ) and 
ocrelizumab (OCR), modify the course of relapsing multiple sclerosis 
(MS) with marked reduction in relapse rate and disability progression 
(Brandstadter and Katz Sand, 2017, McCormack, 2013, Mulero et al., 
2018). 

MS Brain Health consensus guidelines recommend that, if an infus
ible DMT is selected as the most appropriate therapy for a person with 

MS (pwMS), it should be offered within 4 weeks, with an ideal goal of 
initiating treatment within 7 days (Hobart et al., 2019). Persistence and 
adherence to these therapies are crucial for optimal benefit. 

Infusible DMT therapies are administered in dedicated infusion 
centres with infusion protocols based on individual product information. 
NTZ 300mg doses are administered every 28 days over one hour with a 
post infusion observational period of one hour (5). A total infusion 
centre time of 2.5 hours/150 minutes (min) is required. Maintenance 
doses of OCR 600mg are administered every six months over 3.5 hours 
with a post infusion observational period of one hour (Therapeutic 
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Goods Administration 2019). Standard premedications of oral paracet
amol 1000mg, oral cetirizine 10mg and intravenous 100mg methyl
prednisolone are administered to all patients prior to OCR infusion. The 
total scheduled infusion centre time is 5 hours 50 minutes/350 min. 

The COVID-19 pandemic in Australia emerged several weeks later 
than in other countries (Therapeutic Goods Administration 2019). This 
window allowed rapid strategic service planning to consider ongoing 
delivery of infusible DMTs. We anticipated COVID19-associated reduced 
access to infusion locations and qualified staff for chronic diseases 
(Nesbitt et al., 2020, Emanuel and Persad, 2020). We developed a 
strategy of rapid infusion protocols based on current safety data of DMTs 
and COVID-19 (Giovannoni et al., 2020, Brownlee et al., 2020), because 
of the high risk of rebound disease activity if therapies, especially NTZ, 
was delayed or ceased (Sorensen et al., 2014). At the same time, we 
wanted to reduce exposure duration of immunocompromised pwMS to 
COVID-19 in the clinical setting. We considered these aims in light of the 
available evidence (Vollmer et al., 2019, Bermel and Waubant, 2019, 
Lee et al., 2019) on the utility and safety of shorter infusions (Sacco 
et al., 2020, (Loonstra et al., 2020)). Our consensus decision was to 
develop and implement rapid infusion protocols in two tertiary centres 
in Melbourne, Australia. We achieved protocol development, approval 
and implementation within 2 weeks in a coordinated effort by neurol
ogists, nursing, pharmacy staff and hospital executives. 

We developed an audit tool to monitor safety and acceptance of the 
protocols. 

Here, we report the safety, and patient experience in pwMS who 
received rapid infusions of NTZ or OCR during the COVID-19 pandemic. 
We report actual reduction in time spent in the infusion centre. 

2. Methods 

This was a prospectively planned audit of pwMS attending two ac
ademic tertiary hospital infusion services in Victoria, Australia from 
April to July 2020. Rapid infusions of NTZ were performed at Site A 
(Alfred Health) and Site B (Melbourne Health), however OCR rapid in
fusions, and patient experience survey was only performed at Site A. The 
survey and audit were approved by the relevant ethics committees. 

3. Study population and infusion protocols 

We included all pwMS who previously received a minimum of three 
standard, 4-weekly infusions of NTZ 300mg and with no previous 
documented severe infusion related reactions (IRR). NTZ infusion time 
was reduced from 60 to 30 minutes with a reduction in post infusion 
observational time from 60 to 30 minutes. PwMS who had previously 
received two 300mg initiation doses of OCR without any severe IRR 
were eligible for rapid administration of the OCR 600mg maintenance 
dose. Infusion time was reduced from 3.5 hours to 2 hours with no 
reduction in the one-hour post infusion observation time. Protocols were 
offered to all eligible pwMS with the option to accept or decline the 
rapid infusion. 

4. Data collection and assessments 

We collected age, sex, number of previous infusions, Expanded 
Disability Status Scale Score (EDSS) (Kurtzke, 1983) and disease dura
tion. We collected IRR incidence, severity, and onset as well as incidence 
of infusion rate adjustment and administration of symptomatic medi
cation. All participants were invited to self-report any delayed reactions 
by contacting dedicated nursing staff. Participants at Site A completed 
an anonymous rapid infusion patient experience survey. 

5. Management of IRRs 

The site-specific NTZ infusion protocols required NTZ to be inter
rupted for any IRR. Symptomatic medication was given if indicated, and 

a medical review completed prior to recommencement or discontinua
tion of the infusion (Supplementary 1). In accordance with the local OCR 
infusion protocols, mild and moderate infusion reactions were managed 
by slowing the infusion rate to 30mL/hr and administration of symp
tomatic medications. Infusion rate was restored once the IRR was 
resolved. Infusion was interrupted or discontinued if any emergency 
haemodynamic criteria were met (Supplementary 2). 

6. Data Capture 

Data capture at Site A was by review of electronic medical records 
(EMR) which enabled accurate recording of IRRs and the dose (mg /ml) 
of infusion delivered at the time of event. Local clinical practice for 
infusion management requires baseline observations (blood pressure, 
heart rate, temperature, and respiratory rate), repeated every 30 mi
nutes until discharge. These observations populated directly into the 
EMR, and their alteration was indicative of IRRs. At Site B, data was 
extracted from a combination of paper-based records (baseline and 
subsequent observations) and electronic medical records. A baseline 
nursing assessment prior to NTZ or OCR screened for any new medical 
conditions or new neurological symptoms. Data on IRRs were collected 
by the MS nurse consultants. A senior neurology consultant and an 
experienced infusion centre pharmacist reviewed 

IRR documentation and verified these as DMT-related. 

7. Patient experience survey development 

The patient experience survey (Supplementary 3) was adapted from 
the Australian hospital patient experience set (© Australian Commission 
on Safety and Quality in Health Care 2018). Our aim was to obtain 
feedback on communication strategies, and pwMS’ experience of the 
process and sense of safety. The survey was piloted with two pwMS 
attending the infusion service who were receiving NTZ or OCR infusions. 
The pilot did not identify any obvious issues with health literacy and 
pwMS acceptance of the survey. 

8. Study endpoints 

We assessed frequency, type, severity and onset of IRRs in rapid in
fusions of NTZ and OCR using recognised terminology from common 
terminology criteria for adverse events (CTCAE) (US Department of 
Health and Human Services 2017) (Table 1) and identified any associ
ated demographic or clinical factors. 

9. Statistical Analysis 

Baseline demographic and disease-specific data were tabulated using 
Microsoft Excel (Microsoft standard 2016). We compared the NTZ 
covariates between the two sites using a two-tailed Mann-Whitney U test 
for numeric data and Fishers exact test for categorical data. Univariate 
logistic regression analysis was used to examine the relationship be
tween the covariates “Disease duration”, “EDSS”, “Age” and “Infusion 
number” and dependent variable “IRR” for both NTZ and OCR. All 
covariates were included in the initial multivariable logistic regression 
model, with backwards stepwise selection using Akaike information 
criterion (AIC) to select the best multivariate model. 

10. Results 

During the observation period, at Site A, 82 and 121 pwMS were 
scheduled to receive NTZ and OCR, respectively. A total of 91% of pwMS 
scheduled for NTZ and 82% scheduled for OCR qualified for rapid 
infusion protocols. No eligible pwMS declined to receive either rapid 
infusion protocol. 

At Site B, 132 pwMS were scheduled to receive NTZ of which n= 56 
(42%) qualified for the rapid infusion protocol audit. 76 of patients were 
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excluded due to receiving NTZ on a six weekly extended dosing interval 
(n=27), longer infusion time of 45 minutes (n=4) or incomplete data 
(n=45). The main reason for incomplete data was paper data collection 
and unavailable medical histories making disease duration, EDSS and 
current dose difficult to obtain. 

11. Rapid NTZ 

We analysed 269 rapid NTZ infusions in 131 pwMS, 78% of these 
infusions were from site A and 22% from site B. Patient Demographics 
are summarized in Table 2. The median EDSS was 1.5 (ISQ 2.0), mean 
2.0 (SD 1.83) and mean disease duration was 7.9 (SD 6.9) years. Mean 
number of doses received was 42, (range = 4-158). Site B is operation
ally older than Site A, and the number of previous NTZ infusions per 
patient was significantly higher at Site B than Site A (Supplementary 4). 

Six pwMS (4.58%) experienced 20 IRRs (7.43% of total NTZ IRRs) 
including presyncope, fatigue and headache (see Table 3). Of the six 
pwMS that experienced IRRs, one was at dose four of NTZ, one at dose 
five and the others were at dose 9, 59,104 and 129. Two pwMS expe
rienced IRR during infusions administration. The first pwMS experi
enced three episodes of subjective presyncope, rated as a moderate 
reaction, at doses five, six and seven; with no haemodynamic changes. 
Infusions were not ceased during these moderate reactions, but the 
infusion rate was slowed in two cases and interrupted in one case. No 
symptomatic medication was required. The second pwMS had headache 
and fatigue, rated as mild at both doses 129 and 130, with no infusion 

rate adjustment or symptomatic medication given, details summarized 
in supplementary five. Both of these pwMS had no IRRs with the prior 
standard infusion rate. 

No pwMS experienced IRRs in the post-infusion observational 
period. Four pwMS self-reported IRRs post discharge – all mild re
actions, with onset approximately 30 minutes after leaving the infusion 
centre. One pwMS experienced a single symptom and five pwMS 
(3.82%) experienced multiple symptoms (a combination of headache, 
fatigue, presyncope and nausea), see Table 4 

NTZ IRRs increases pwMS time in clinical settings. In our cohort of 
125 pwMS on NTZ without any IRRs, the mean infusion time was 30.5 
minutes (SD 2.82). For six pwMS with IRRs during NTZ infusion, the 
mean infusion time was 36.3 minutes (SD 13.28), an increase of 5.8 
minutes. One patient did not have infusion time recorded and was 
excluded. 

12. Rapid OCR 

We analysed 100 rapid OCR infusions in 100 pwMS, all administered 

Table 1 
Infusion Related Reactions (Severity and Grading).  

Numerical 
Grade 

Severity Description Infusion adjustment Symptomatic 
medication 

Grade 1 Mild asymptomatic or transient mild symptoms No Yes 
Grade 2 Moderate respond promptly to infusion interruption and administration of symptomatic 

treatment (e.g. antihistamines and IV steroids 
Yes 
Infusion slowing/interruption and 
recommencement 

Yes 

Grade 3 Severe recurrence and/or prolongation of reactions despite interventions. 
Hospitalization might be indicative 

Yes 
Infusion interruption and cessation of 
therapy 

Yes 

Grade 4 Life 
threatening 

reactions have life-threatening consequences and require urgent medical 
interventions. 

Yes 
Infusion cessation 

Yes 

Grade 5 Death reactions are any adverse event that results in death. Yes 
Infusion cessation 

Yes  

Table 2 
Demographics: pwMS receiving rapid protocol infusions of NTZ and OCR  

pwMS receiving NTZ Totaln = 131 With IRRsn = 6 Without IRRsn = 125* 

Age (years) 
Mean (SD)  39.42 (9.70)  41 (13.16)  39.34 (9.57) 

Gender, n (%) 
Female  103 (79%)  4 (3%)  99 (76%) 

Dose 
Mean (SD)  51.66 (41.64)  51.74 (54.93)  51.66 (41.18) 

EDSS 
Mean (SD)  2.02 (1.08)  2.92 (2.42)  1.97 (1.97) 

Disease Duration 
Mean (SD)  7.9 (6.9)  12.9 (14.6)  7.6 (6.3)  

pwMS receiving OCR Totaln = 100 With IRRsn = 8 Without IRRsn = 92 

Age (years) 
Mean (SD)  46.05 (12.5)  46.25 (13.72)  46.03 (12.47) 

Gender, n (%) 
Female  75 (75%)  6 (6%)  69 (69%) 

Dose 
Mean (SD)  4.57 (1.44)  3.80 (1.44)  4.64 (1.43) 

EDSS 
Mean (SD)  3.42 (2.26)  3.69 (1.98)  3.39 (2.30) 

Disease duration 
Mean (SD)  10.91 (8.35)  9.79 (7.07)  11.01 (8.48)  

* 1 missing EDSS. 

Table 3 
Number of pwMS with IRRs during and after rapid protocol infusions of NTZ and 
OCR  

pwMS receiving 
NTZ rapid 

Totaln=
131n (%) 

During the 
infusionn 
(%) 

During the 
30mins post 
obsn (%) 

Self-reported 
post dischargen 
(%) 

pwMS with 
IRRs 

6(4.58%) 2(1.52%) 0 4(3.06%) 

Mild (G1) 5(3.82%) 1(0.76%) 0 4(3.06%) 
Moderate (G2) 1(0.76%) 1(0.76%) 0 0 
Severe (G3) 0 0 0 0 
Life 

threatening 
(G4) 

0 0 0 0 

Mono- 
symptomatic 

1(0.76%) 1(0.76%) 0 0 

Multiple 
symptoms 

5(3.82%) 0 0 5(3.82%)  

pwMS receiving 
rapid OCR 

Totaln =
100n (%) 

During the 
infusionn 
(%) 

During the 
60mins post 
obsn (%) 

Self-reported 
post dischargen 
(%) 

pwMS with 
IRRs 

8(8.2%) 8(8.2%) 0 0 

Mild (G1) 0(0%) 0 0 0 
Moderate (G2) 8(8.2%) 8(8.2%) 0 0 
Severe (G3) 0 0 0 0 
Life 

Threatening 
(G4) 

0 0 0 0 

Mono- 
symptomatic 

7(7.2%) 7(7.2%) 0 0 

Multiple 
symptoms 

1(1%) 1(1%) 0 0  
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at Site A. The mean EDSS was 3 (SD 2.26), median 3 (IQR 4.0) and mean 
disease duration was 10.91 years (SD 8.35) and mean current dose 4 
(range 2-6). (Table 2). 

Eight pwMS (8.2%) experienced IRRs. All IRRs occurred during the 
infusions (between a rate of 200mls (cumulative infused volume-44mls 
=52.8mg) and 300ml (cumulative infused volume- 424ml=508.8mg) 
and were classified moderate. No pwMS experienced any IRRs during 
the standard 60-minute post-infusion observational time (see Table 4). 
No pwMS had their infusion ceased, but the infusion rate was slowed in 
four cases and symptomatic medications were given. After infusion rate 
adjustment and symptomatic treatment, 7 of 9 pwMS resumed the faster 
infusion rate summarised in supplementary 6. IRRs included throat 
irritation, akathisia, headache and paraesthesia. We did not observe any 
severe or life-threatening IRRs in the OCR cohort. 

OCR IRRs, however increased pwMS time in clinical settings. In our 

cohort of 82 pwMS who did not have any IRRs mean infusion time was 
130 minutes (SD 13). However, pwMS with IRRs had a mean infusion 
time of 189 minutes (SD 35.11), an increase of 59 minutes. 

13. Patient experience Results 

Fifty-six pwMS (32%) from site A (n=175) completed the anony
mous patient experience survey. (NTZ 59%, OCR 37.5% and 3.5% with 
no documented infusion therapy. The experience of the rapid infusion 
protocol is summarized in Figure 1. We explored views on continuance 
of protocols, perceived safety, sense of care and satisfaction with HCP 
communication. 

Free text responses were documented in 61% surveys (n=34). Of the 
34 comments, 76% were positive. 

14. Resource Utilisation 

At Site A, we retrospectively collected data in the EMR to compare 
the overall admission time to the infusion centre to receive NTZ or OCR. 
Admission time was defined by time from admission to discharge in 
minutes. 

Prior to COVID-19, the mean admission time of a pwMS for a stan
dard duration NTZ infusion was 125 minutes (SD 41.75) (Range 74-304 
mins). Notably, 71.6% of pwMS requested to “sign out” against medical 
advice before the one-hour observation time had been completed. After 
the commencement of the rapid infusion protocols, the mean admission 
time was reduced to 74 minutes (SD 22.9) (Range 44-191 mins) with 
62.6% of pwMS still requesting to “sign out” before the 30 min obser
vation time was completed. 

The mean admission time to receive an OCR 600mg standard rate 
infusion was 379 min (SD 48.96) (range 285-561mins) with 26% of 
pwMS requesting to “sign out” against medical advice before the one- 
hour observation time was completed. With the implementation of the 
faster OCR protocol, the mean admission time was 259 min (SD 46.53) 
(range 186-437), equating to a mean reduction in admission time of 120 
min. 50% of pwMS receiving the rapid OCR 600mg “signed out” before 
the one-hour observation was completed. 

Table 4 
Number and summary of IRRs during and after rapid infusion protocol of NTZ or 
OCR  

NTZ rapid 
infusions 

Total 
infusionn =
269n (%) 

During the 
infusionn 
(%) 

During the 
30mins 
obsn (%) 

Self-reported 
post dischargen 
(%) 

IRR 20(7.43%) 3(1.42%) 0(0%) 17(5.69%) 
Symptoms 
Presyncope 8 3 0 5 
Fatigue 7 2 0 5 
Headache 

Nausea 
4 
1 

2 
0 

0 
0 

2 
1  

OCR rapid 
infusions 

Total 
infusionn=100n 
(%) 

During the 
infusionn 
(%) 

During the 
60mins 
obsn (%) 

Self-reported 
post 
dischargen 
(%) 

IRR 9(9.27%) 9(9.27%) 0(0%) 0(0%) 
Symptoms 
Throat 

irritation 
6 6 0 0 

Akathisia 1 1 0 0 
Headache 1 1 0 0 
Paresthesia 1 1 0 0  

Figure 1. pwMS experience of Rapid Infusion Protocols  
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15. Discussion 

NTZ and OCR are highly effective monoclonal antibody treatments 
for people with relapsing remitting MS. Although the pivotal studies and 
clinical experience demonstrate that these treatments are well tolerated, 
rare life-threatening IRRs have been reported for both treatments (Pol
man et al., 2006, Mayer et al., 2019). We showed that most pwMS are 
suitable for rapid infusion of NTZ and OCR. IRRs are rare and we rated 
all as mild to moderate. All pwMS received the full dose of their infusion. 
In addition, our results demonstrate that rapid infusion protocols lead to 
shorter admission times thus reducing exposure of pwMS to potential 
high-risk COVID-19 clinical settings and increasing resource utilisation. 

For 269 NTZ infusions, we reduced admission time by 51 minutes. 
IRRs occurred in 4.6% overall and were all mild and moderate in clas
sification. The IRR all occurred during the infusion or were reported 
after discharge. Resource utilisation analysis shows that most pwMS 
decline to stay for the full observational time, with “sign outs” above 
60% for both the standard and rapid infusion protocols. 

Our results compare favourably with the IRRs reported in the 
AFFIRM study (Polman et al., 2006), where these occurred in 24% of 
NTZ-naïve pwMS. Headache was the most common reaction in 5% of 
patients. Hypersensitivity reactions occurred in 4% pwMS but only 0.8% 
were serious in classification, and the majority of these reactions 
occurred at dose two. Whilst dose number risk was well documented, the 
timing of these events was not precise and only classified as within 2 
hours post infusion start. The need for a fixed post infusion observational 
time is controversial. Our results add to other post marketing studies 
challenging the requirement for post-infusion observation time (Lee 
et al., 2019,Sacco et al., 2020,Loonstra et al., 2020). These studies all 
demonstrate that pwMS without IRRs during the infusion are extremely 
unlikely to develop severe or life-threatening reactions in the specified 
post-infusion observation time period. 

OCR pivotal trial pooled data shows IRRs occur in up to 40% of in
fusions. Of these, 27.5% occurred during the first infusion of 300mg 
OCR, were mild to moderate and recurrence rate decreased with each 
further dose (Mayer et al., 2019). Predominantly, reactions were clas
sified by CTCAE as pruritis and rash (10%) and throat irritation 
(5.3-8.1%). Safety and experience of shorter OCR infusions has been 
explored in several post-marketing studies (Bermel and Waubant, 2019). 
Our data demonstrate a similar frequency, severity, and symptom-type 
of IRRs to those published in other post marketing studies of rapid 
OCR 600mg administration (Vollmer et al., 2019). 

In particular, the ENSEMBLE-PLUS (Hartung, 2020) () substudy re
ported 8% moderate IRRs occurring in 23 patients (n=289) who, at first 
randomised dose, may be at initial 600mg infusion or at dose 3,4,5 or 6. 
IRR onset was only defined as “during infusion” or at “24 hours” fol
lowed up by phone call, IRR during OCR infusions in this 2-hour infusion 
protocol occurred in 56.3% of 40 patients (n=71) and replicated exactly 
at 24 hour post-infusion time period. All IRRs except one was classified 
mild or moderate. 

As in the pivotal OCR trials (Mayer et al., 2019), throat irritation was 
the predominate IRR but occurred at a higher frequency (31%) of par
ticipants. A smaller study by Bermel and colleagues, the CHORDS sub
study (Bermel and Waubant, 2019), reported a similar IRR rate (12.4%) 
and severity to the data reported here with no severe or life-threatening 
reactions or infusion discontinuations. 

Previous studies have however not addressed the requirement for the 
one-hour observation time post OCR infusion to increase patient safety. 
The pivotal pooled and post marketing studies and ENSEMBLE-PLUS 
only separated IRRs timing as “during infusion” or up to “post 24 
hours. Our study with exact timing demonstrated no IRRs occurring in 
the post observation time. Those experienced post-discharge are 
generally mild and, as documented in the patient experience outcomes, 
do not sufficiently concern pwMS to prompt reporting. 

Our data on self-discharges or “sign outs” with both the standard and 
rapid infusion protocols illustrated that the vast majority of pwMS do 

not feel this post-infusion observation time adds to their safety. This is 
supported by the absence of any infusion reactions recorded during the 
post-infusion observation periods for either NTZ or OCR in this study. 
The requirement for a mandated post-infusion observation time in 
pwMS who have considerable previous infusion exposure should be 
studied further in larger studies as it may not be warranted for many 
pwMS. 

PwMS rated their satisfaction with the faster infusion protocols as 
high and they valued reduced time spent at an infusion centre with less 
interruption to employment, family and personal time. In addition, 
shorter infusions and reduction in observational time also allows other 
care models of infusion delivery to be explored, in particular home- 
based infusions. 

Our study has several limitations, in particular generalisability, as it 
took place in only two infusion centres associated with large tertiary 
referral clinics and all staff were highly experienced in the infusion 
protocols. A multicentre randomised cohort study over a longer obser
vation duration is required and the ENSEMBLE-PLUS (Hartung et al., 
2020) study is continuing. Capturing comorbidities in future studies 
may assist with predictors of IRRs in pwMS. Self-reporting IRRs post 
discharge potentially did not capture all mild IRRs and future studies 
may consider systematic HCP phone follow up to capture these mild 
IRRs. 

16. Conclusion 

We demonstrate that rapid infusions of NTZ and OCR are safe and 
well tolerated in pwMS who have had at least three standard infusions of 
NTZ 300mg or two infusions of 300mg OCR. IRR incidence and severity 
did not increase during faster infusions. NTZ and OCR post-infusion 
observation time did not appear to improve safety. In particular, rapid 
infusions allowed pwMS to have reduced contact time in infusion ser
vices during the COVID-19 pandemic, improved resource utilisation, 
and enhanced pwMS satisfaction. 
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