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A B S T R A C T   

Objectives: In January 2018, the European Union (EU) approved ocrelizumab in relapsing multiple sclerosis 
(RMS) and as the first disease-modifying therapy (DMT) for patients with primary progressive multiple sclerosis 
(PPMS) with efficacy proven in a phase 3 randomised controlled trial. Eleven months prior to the European 
regulatory approval, a compassionate use programme (CUP) made ocrelizumab available to 489 patients with 
PPMS in Germany, thereby for the first time providing a therapeutic option to patients with PPMS who could not 
participate in ocrelizumab studies. Here, we report real-world patient characteristics and short-term safety data 
of patients with PPMS treated with ocrelizumab in this CUP. 
Patients and methods: This CUP was initiated in February 2017 – shortly before US Food and Drug administration 
approval in March 2017 – and ended in January 2018, following ocrelizumab approval in the EU. Adult patients 
(age ≥18 years) with PPMS who had a positive benefit/risk ratio according to the treating physician were eligible 
for inclusion at German treatment centres. The main exclusion criteria were current/recent treatment with other 
immune therapies and unresolved/chronic/active infections. Patients received methylprednisolone and an 
antihistamine before treatment with intravenous ocrelizumab in 6-month cycles. The first ocrelizumab dose was 
a 300 mg infusion followed by a second 300 mg infusion 2 weeks later; subsequent doses were delivered as a 
single 600 mg infusion. Adverse events were reported immediately. 

Abbreviations: AE, adverse event; CTCAE, NCI Common Terminology Criteria for Adverse Events; CUP, compassionate use programme; EDSS, Expanded Disability 
Status Scale; EMA, European Medicines Agency; EU, European Union; FDA, Food and Drug Administration; IgG, immunoglobulin G; IRR, infusion-related reaction; 
IV, intravenous; JCV, John Cunningham virus; PCR, polymerase chain reaction; PML, progressive multifocal leukoencephalopathy; MRI, magnetic resonance im
aging; MS, multiple sclerosis; NARCOMS, North American Research Committee on Multiple Sclerosis; PPMS, primary progressive MS; RCT, randomised controlled 
trial; RMS, relapsing MS; RRMS, relapsing-remitting MS; SAE, serious adverse event. 
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Results: Of 580 requests received from 104 centres, 525 patients met the eligibility criteria. Thirty-five patients 
did not participate due to withdrawal by the treating physician, and one due to death prior to treatment. A total 
of 489 patients received at least one 600 mg dose of ocrelizumab (administered as two 300 mg infusions) and 51 
received a second dose. Due to termination of the CUP upon marketing authorisation, the maximum follow-up 
period was 12 months. Median patient age was 52 years (range: 24–73), and 49% were female. Previous 
immunomodulatory or immunosuppressive therapies had been received by 41% of patients, with the most 
commonly used being glucocorticoids, mitoxantrone, interferon-β and glatiramer acetate. Patients with a pre
vious malignancy, serious disease or infection (42 patients, 9%) had recovered from this prior to the CUP. Nine 
serious adverse events and 70 non-serious adverse events were reported in 40 patients. Adverse event categories 
were generally consistent with the known safety profile of ocrelizumab; one patient had carry-over progressive 
multifocal leukoencephalopathy (PML) due to previous natalizumab treatment. 
Conclusion: This CUP provides first real-world observations of ocrelizumab for the treatment of PPMS in a large 
patient cohort in Germany, supporting that ocrelizumab is generally well-tolerated in clinical practice. Physi
cians should be vigilant for early symptoms of PML, as to date, 9 PML cases that were all confounded have been 
reported in patients treated with ocrelizumab worldwide, with 8 carry-over cases from a prior DMT.   

1. Introduction 

Among 2.5 million people affected by multiple sclerosis (MS) 
worldwide Ehsan and Xixis, 2018, 15% are diagnosed with primary 
progressive MS (PPMS) [2]. PPMS is defined by gradual deterioration of 
neurological function, without distinct relapses and remissions [2]; 
symptoms slowly develop over months or years [13]. There is no cura
tive treatment available for MS. Immunotherapies aim to slow disease 
progression and reduce the frequency and length of relapses by pre
dominantly targeting inflammation. Despite the wide range of therapies 
for relapsing-remitting MS (RRMS), few substances have shown any 
promise in the treatment of PPMS, e.g. rituximab in certain subgroups 
[10]. Therefore, establishing clinically effective therapies for patients 
with PPMS is an urgent priority [9]. 

Prior to January 2018, no approved disease-modifying therapies for 
PPMS were available in the EU. Thus, the humanised anti-CD20 anti
body ocrelizumab (Ocrevus®, F. Hoffmann-La Roche AG, Basel, 
Switzerland), is the first approved disease-modifying therapy for PPMS 
treatment, with US approval granted in March 2017 [19] and European 
approval in January 2018 [6]. Ocrelizumab specifically targets 
CD20-expressing cells and thus selectively and efficiently depletes 
B-lymphocytes. 

The phase 3 ORATORIO trial evaluated the safety and efficacy of 
ocrelizumab in PPMS: Ocrelizumab significantly lowered the rate of 
clinical disability progression and magnetic resonance imaging (MRI) 
activity compared with placebo [15], without any significant differences 
in serious adverse events (SAEs) and serious infections. Further safety 
data are currently collected throughout the open-label ORATORIO trial 
extension phase. 

Compassionate use programmes (CUPs) provide patients with 
serious or life-threatening conditions access to investigational drugs 
prior to regulatory approval [14], simultaneously generating valuable 
real-world safety data [3]. Prior to EU approval of ocrelizumab, the 
present CUP provided ocrelizumab to patients with PPMS who, ac
cording to their treating physician, would benefit from this innovative 
treatment option. We present patient characteristics and short-term 
safety outcomes. 

2. Materials and Methods 

This CUP was authorised by the Paul-Ehrlich-Institute as local reg
ulatory authority and initiated in February 2017. All patients provided 
written informed consent prior to treatment. Participating physicians in 
German hospitals and medical practices were board-certified neurolo
gists with experience in PPMS treatment and patient management. 

2.1. Eligibility criteria 

Patients were eligible for inclusion if they had been diagnosed with 

PPMS according to McDonald criteria 2010 [16], and were considered 
by the treating physician to have a positive benefit/risk ratio for treat
ment with ocrelizumab. For women and men of childbearing potential, 
agreement to use double-barrier contraception was required during 
treatment and for 6 months after the last dose. Exclusion criteria 
included current or recent treatment with another immunosuppressi
ve/immunomodulatory therapy, hypersensitivity to ocrelizumab, 
chronic or active infections, severely immunocompromised state, and 
suspected or confirmed progressive multifocal leukoencephalopathy 
(PML) or other severe opportunistic infections in the patient’s medical 
history. Patients eligible for any ongoing Roche-sponsored or 
investigator-initiated clinical trials of ocrelizumab were excluded, as 
were patients with any current/planned vaccinations within 6 weeks 
prior to initiation of ocrelizumab treatment. Pregnancy, breast feeding, 
anti-neoplastic treatment, and serious liver, kidney, lung or heart dis
ease were also exclusion criteria. 

2.2. Treatment plan 

Patients who had received a previous immunotherapy were recom
mended to undergo a washout period before ocrelizumab treatment. 
These periods were recommended to last until remission of therapy- 
related effects (maximum change in blood count by grade 1, >500 
CD4+ T cells/mm3) and at least 4 weeks for teriflunomide and fingoli
mod, 6 weeks for azathioprine, methotrexate, ciclosporine A, cyclo
phosphamide, mitoxantrone, laquinimod, and masitinib, 12 weeks for 
natalizumab and daclizumab, and 6 months for rituximab; for inter
feron-β, glatiramer acetate, and dimethyl fumarate, no minimal washout 
period was recommended. To determine the optimal washout period for 
individual patients, physicians were advised to balance the risk of 
returning MS activity with possible additive immunosuppressive effects. 
Prior to starting treatment, each patient’s medical history was docu
mented, and laboratory tests were recommended. Visits were planned at 
the discretion of the treating physician. Patients underwent physical 
examination on treatment days, and their disease was reassessed at each 
visit. 

In order to reduce the frequency of infusion-related reactions (IRRs), 
methylprednisolone (100 mg) and an antihistamine were given to pa
tients prior to ocrelizumab treatment. Some patients also received 
paracetamol. Ocrelizumab was administered as an intravenous (IV) 
infusion (600 mg in 500 mL) every 6 months. The first dose was split into 
two 300 mg infusions (each 250 mL) 2 weeks apart. Subsequent doses 
were delivered as a single 600 mg IV infusion every 6 months. 

As long as the treating physician considered treatment a benefit to 
the patient, ocrelizumab was continued. Pre-defined discontinuation 
criteria included any medical condition that could jeopardise the pa
tient’s safety, non-compliance, pregnancy, patient request and unac
ceptable toxicity due to ocrelizumab treatment. 

S. Rauer et al.                                                                                                                                                                                                                                   



Clinical Neurology and Neurosurgery 197 (2020) 106142

3

2.3. Safety 

Infusion was stopped immediately if a patient experienced severe 
pulmonary symptoms, or in cases of grade 4 IRRs. For grade 3 IRRs, the 
infusion was stopped and only restarted once all IRR symptoms had 
resolved. For grade 1–2 IRRs, the infusion rate was reduced by half for at 
least 30 minutes. Ocrelizumab treatment was delayed in patients who 
developed an active infection until the infection was resolved. 

The NCI Common Terminology Criteria for Adverse Events (CTCAE) 
v4.0 were used to categorise adverse events (AEs). Treating physicians 
were required to report all serious AEs (SAEs), non-serious AEs of special 
interest and pregnancies within 1 working day. AEs of special interest 
included IRRs, hypersensitivity reactions, opportunistic and serious in
fections, respiratory tract infections, herpes infection, hepatitis B reac
tivation and overdose (exceeding the approved intravenous ocrelizumab 
dose). Other non-serious AEs were reported periodically. After termi
nation of the programme, one follow-up patient check was carried out, 
and all centres were contacted to control for complete AE/SAE 
reporting. 

2.4. Statistical analysis 

Data were collected from medical records to describe patient char
acteristics at baseline and safety outcomes during the CUP, including 
sex, age, previous therapies (type of therapy, duration of therapy), se
vere previous diseases, malignancies or infections, planned vaccinations 
until 6 weeks prior to participation, and AEs/SAEs classified by system 
organ classes (e.g. infections and infestations, nervous system 
disorders). 

The patient sample was analysed using standard descriptive 
methods. For continuous variables, the median and corresponding 
minimum and maximum values were reported. For categorical vari
ables, the absolute and relative frequencies were reported. All analyses 
were conducted with SAS software, version 9.4 (Cary, NC, USA). 

3. Results 

3.1. Patient demographics and characteristics 

This CUP was approved in February 2017 and was terminated in 
January 2018 following EU approval of ocrelizumab. Of 580 patients 
screened at 104 centres in Germany, 525 patients met the eligibility 
criteria. Prior to starting treatment, 35 patients were withdrawn by their 
physician and one patient died for unknown reasons. Overall, 489 pa
tients completed the first 600 mg dose of ocrelizumab; 51 patients 
received a second dose. Almost half of the participating centres (47.9%) 
treated 1–2 patients. 95.7% of the centres had experience in the 
administration of infusions. 

The median age of patients who received at least 1 cycle of ocreli
zumab was 52 years, and similar numbers of female and male patients 
participated (Table 1). While 59.3% of patients had received no prior 

immunotherapy, 30.9% had received one prior therapy, with ≤10% of 
patients receiving ≥2 prior therapies (Table 1). 

The most common prior therapies were glucocorticoids (16.4%), 
mitoxantrone (8.3%) and interferon-β (7.6%; Table 2). Seventeen pa
tients (3.5%) received previous masitinib or laquinimod as part of a 
blinded trial. 

Overall, 133 patients had treatment duration data. Of the patients 
with a single prior therapy, those who received interferon-β tended to 
have a longer previous treatment duration (mean, 43 months) compared 
with those who received glucocorticoids (20 months) or mitoxantrone 
(25 months; Table 3). Regarding patients with two prior therapies, pa
tients who were treated with interferon-β+mitoxantrone had a longer 
overall previous treatment duration (73 months) than with mitoxan
trone + glucocorticoids or interferon-β+teriflunomide (52 and 47 
months, respectively; Table 3). 

3.2. Previous diseases, infections or malignancies, and vaccinations 

Forty-two (8.6%) patients who received ≥1 ocrelizumab dose had 56 
past instances of: malignancy (2.7%), cardiac disease (2.9%), infections 

Table 1 
Baseline characteristics of patients in the compassionate use programme.  

Baseline characteristics  

Total number of patients treated with ocrelizumab, n 489 
Sex, n (%)  
Female 242 (49.5) 
Median age, years 52.0 
Age range, years (24.0 – 73.0) 
Number of previous immunotherapies, n (%)  
0 290 (59.3) 
1 151 (30.9) 
2 35 (7.2) 
3 8 (1.6) 
4 3 (0.6) 
5 2 (0.4)  

Table 2 
Immunotherapies received prior to ocrelizumab treatment in compassionate use 
programme (N = 489).  

Therapy* Patients, n (%) 
N ¼ 489 

Age distribution, years 
Median (min–max) 

Glucocorticoids 80 (16.4) 52.0 (29.0–65.0) 
Mitoxantrone 40 (8.3) 52.0 (37.0–64.0) 
Interferon-β 37 (7.6) 50.0 (25.0–65.0) 
Glatiramer acetate 15 (3.1) 51.0 (43.0–62.0) 
Dimethyl fumarate 14 (2.9) 48.0 (29.0–52.0) 
Teriflunomide 14 (2.9) 46.5 (35.0–65.0) 
Rituximab 12 (2.5) 46.0 (38.0–54.0) 
Masitinib** 11 (2.3) 52.0 (32.0–68.0) 
Fingolimod 9 (1.9) 47.0 (25.0–60.0) 
Natalizumab 9 (1.9) 53.0 (29.0–65.0) 
Azathioprine 8 (1.6) 52.0 (41.0–65.0) 
Laquinimod** 6 (1.2) 53.0 (38.0–55.0) 
Cyclophosphamide 4 (0.8) 56.5 (37.0–65.0) 
Daclizumab 4 (0.8) 45.5 (29.0–50.0) 

*As there were no approved disease-modifying immunotherapies for primary 
progressive multiple sclerosis available, these therapies were administered off- 
label or due to an initial incorrect diagnosis of RRMS. **study medication 
(blinded trials). 

Table 3 
Duration of treatment prior to the compassionate use programme with the most 
frequently used therapies (one previous therapy: n = 151, two previous thera
pies: n = 35).  

Prior medical treatment(s) Frequency, 
n* 

Duration, months 
Mean (min–max) 

First therapy Second 
therapy 

One previous therapy: 5 most 
frequent therapies    

Glucocorticoids 33 20 (0.03–103) – 
Interferon-β 25 43 (1.00–114) – 
Mitoxantrone 23 25 (1.00–48) – 
Dimethyl fumarate 8 22 (4.00–42) – 
Glatiramer acetate 7 41 (8.00–72) – 
Two previous therapies: 3 

most frequent therapy 
sequences    

Interferon-β – mitoxantrone 6 48 (1–96) 25 (6–107) 
Mitoxantrone – glucocorticoids 6 25 (10–41) 27 

(0.17–82) 
Interferon-β – teriflunomide 4 28 (4–86) 19 (1–38) 

*Only patients with treatment duration data are displayed (n = 133). 
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(acute: 1.8%; chronic: 0.4%) and other severe diseases (3.9%) in their 
medical histories, from which they had fully recovered before inclusion 
in this programme. The most common severe previous diseases were 
chronic ischaemic heart disease, severe urinary tract infection and ma
lignant neoplasm of the kidney (for detailed incidences see supple
mentary Table S1). 

One hundred and five patients (21.5%) had planned vaccinations >6 
weeks prior to the start of ocrelizumab treatment, with the most com
mon being tetanus, pertussis and diphtheria (Table 4). 

3.3. Safety 

During this programme, no AE with fatal outcome was reported. 
Seventy-nine AEs were reported in 40 patients, including 9 SAEs in 7 
patients (Table 5): 

One patient developed IRR-like symptoms within 24 h following the 
first infusion, and this event was considered related to ocrelizumab. The 
patient was subfebrile (37.9 ◦C) and experienced mild leukocytosis and 
tachycardia, which resulted in prolonged hospitalisation. Symptoms 
were regressive without any intervention. According to the reporting 
physician, the patient most likely experienced an IRR and tolerated the 
second infusion well. 

One single case of PML in this programme was a carry-over case from 
previous treatment with natalizumab between 2013 and 2017 (final 
infusion February 13, 2017), and assessed by the physician who treated 
the PML as unrelated to ocrelizumab treatment. The female patient was 
positive for anti-John Cunningham virus (JCV)-antibodies in plasma/ 
serum in 2013. MS symptoms progressed during natalizumab treatment. 
The patient was enrolled following an MRI which was interpreted as 
showing no signs of PML by the local radiologist. In March 2017, the 
anti-JCV antibody index was 4.11; no lumbar puncture and JCV-DNA- 
polymerase chain reaction (PCR) were performed. After the initial two 
ocrelizumab infusions in April 2017, the PML diagnosis was confirmed 
based on a brain MRI and the detection of JCV-DNA in cerebrospinal 
fluid in May 2017. The same patient developed aspiration pneumonia a 
few days later. In June 2017, a subsequent MRI showed a progression of 
PML with additional reconstitution inflammatory syndrome. During 
hospitalisation, the patient received mefloquine, mirtazapine and mar
aviroc. Her communication skills and motor function improved, and she 
was discharged for further outpatient care in September 2017. In April 
2019, the patient showed ongoing disease progression (Expanded 
Disability Status Scale (EDSS) 9.5). It is not clear whether progression 
was caused by PML or MS. 

One event of herpes zoster infection, which was assessed as related to 
ocrelizumab, required hospitalisation for treatment with intravenous 
aciclovir, but did not result in ocrelizumab treatment discontinuation. 

One patient experienced lymphopenia with a lymphocyte count of 
1000/μL 12 days after the first ocrelizumab administration. The second 

infusion was therefore postponed for one week. The lymphocyte level 
further decreased to 750/μL; no B- and T-lymphocyte counts were 
available. The treating physician assessed the medically significant 
event as related to ocrelizumab. 

A female patient developed a non-bacterial urinary tract infection, 
which was reported without causality assessment by the treating 
physician and resolved without any treatment after two days. 

Following hospitalisation due to progressive neurological disorder 
and left arm paresis 18 days after the first ocrelizumab dose, one patient 
experienced a massive pulmonary embolism. Therapy with ocrelizumab 
was stopped. 

A patient with a history of extensive demyelinating disease and 
fampridine therapy was hospitalised due to a “seizure”. The treating 
physician assessed the causality of the event –probably a non-convulsive 
status epilepticus as the event resolved after one day of treatment with 
levetiracetam – as related to fampridine and unrelated to ocrelizumab. 

Non-serious AEs were reported in 40 patients, and the most common 
categories were general disorders and administration site conditions (16 
events; Table 5). The most common non-serious AEs by preferred term 
were fatigue (10 events), headache and urinary tract infection (4 events 
for both; Table S2). 

4. Discussion 

Ocrelizumab is currently the only approved immunotherapy for pa
tients with PPMS which demonstrated superior efficacy compared with 
placebo in a phase 3 trial. The FDA authorised ocrelizumab in March 
2017; European regulators granted approval in January 2018. This CUP 
expanded access to ocrelizumab for 489 patients with PPMS in Germany 
who were unable to participate in ocrelizumab clinical studies, thereby 
bridging a significant 11-month treatment gap. The patient character
istics and short-term safety outcomes are the first real-world observa
tions of ocrelizumab treatment in a large patient cohort with PPMS in 
Germany. 

Age and sex distribution of the patient population in this CUP were 

Table 4 
Planned vaccinations until 6 weeks prior to participation in the 
compassionate use programme (N = 489).  

Vaccination Patients, n (%) 
N ¼ 489 

Tetanus 19 (3.9) 
Pertussis 14 (2.9) 
Diphtheria 14 (2.9) 
Pneumococcal 13 (2.7) 
General: refresher/catch-up 11 (2.2) 
Influenza 9 (1.8) 
Polio 6 (1.2) 
Measles 5 (1.0) 
Hepatitis B 4 (0.8) 
Tick-borne encephalitis 3 (0.6) 
Mumps 3 (0.6) 
Rubella 2 (0.4) 
Varicella zoster virus 2 (0.4)  

Table 5 
Adverse events per system organ class: Non-serious adverse events (n = 40 pa
tients out of N = 489) and serious adverse events (n = 7 patients out of N = 489).  

System organ class Total number of non- 
serious adverse events 
per system organ class 

Total number of 
serious adverse events 
per system organ class 

General disorders and 
administration site 
conditions 

16  

Blood and lymphatic 
system disorders  

1 

Nervous system disorders 9 2 
Investigations 8  
Gastrointestinal disorders 7  
Injury, poisoning and 

procedural 
complications 

7 1 

Musculoskeletal and 
connective tissue 
disorders 

6  

Infections and infestations 5 2 
Skin and subcutaneous 

tissue disorders 
3  

Cardiac disorders 2  
Psychiatric disorders 2  
Immune system disorders 1  
Metabolism and nutrition 

disorders 
1  

Renal and urinary 
disorders 

1 1 

Respiratory, thoracic and 
mediastinal disorders 

1 2 

Vascular disorders 1  
Total 70 9  
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characteristic of patients with PPMS. Interestingly, patients ranged from 
24 to 73 years old, representing the remarkably wide age spectrum 
found in real-life clinical PPMS conditions. The median age of patients 
was higher than in the ORATORIO study (52.0 vs. 46.0 years) [15] and 
confirmed the unmet medical need in elderly patients with PPMS. 
Accordingly, a North American Research Committee on Multiple Scle
rosis (NARCOMS) Registry survey with 632 patients with PPMS reported 
a median age of 64.3 ± 8.9 years [18]. PPMS does not have the same 
female predominance as RRMS [2]; accordingly, approximately half of 
the patients included in this CUP were female. 

Although no immunotherapies approved for PPMS treatment were 
available at the time of the CUP, a substantial proportion of patients had 
prior treatment with ≥1 such therapy either due to an initial incorrect 
RRMS diagnosis or due to the high unmet medical need. Despite a lack of 
evidence for the efficacy of immunotherapies other than ocrelizumab, 
off-label treatment at the discretion of patients and physicians, based on 
individual applications for health insurance coverage, was common 
practice. Accordingly, a recent European Charcot Foundation survey 
found that active PPMS, represented by the presence of ≥1 spinal cord or 
brain gadolinium-enhancing lesion, would influence the decision to 
initiate an immunotherapy; 70% would treat active PPMS with an 
immunotherapy (not including ocrelizumab, which was not yet 
approved) [7]. Off-label treatments did not substantially improve short- 
to medium-term disability outcomes in PPMS in an international 
MSBase cohort study based on 195 disease-modifying immunother
apy-treated patients and 338 untreated patients [12]; the MSBase cohort 
included only 6 patients who received ocrelizumab. In the ORATORIO 
trial, where patients treated with B-cell-targeted therapy/other immu
nosuppressive medication were excluded, only 11.6% of patients had 
received a previous immunotherapy in the 2 years before trial entry 
[15]. 

In this CUP, AEs were reported in 8.2% of patients (79 events) and 
SAEs in 1.8% of patients (9 events). AE categories were similar to those 
seen in the ORATORIO study, but AE rates were considerably lower than 
those reported in the phase 3 randomised clinical trials (RCTs), possibly 
due to AE documentation conducted in a real-world setting and less 
stringent monitoring of patients than under RCT conditions. In the 
ORATORIO trial total AE incidences were 95.1% in the ocrelizumab arm 
vs. 90.0% in the control arm, and the respective SAE rates were 20.4% 
vs. 22.2% [15]. AE and SAE incidences similar to those observed in 
ORATORIO were reported in OPERA I and OPERA II, both RCTs 
assessing ocrelizumab in patients with RMS [8]. 

IRRs are known to be common during treatment with monoclonal 
antibodies, occurring in 30.9–39.9% of patients treated with ocrelizu
mab during RCTs [8]; [15]. In this CUP, one IRR, classified as serious, 
was reported, which resolved without intervention. It is important that 
treating physicians are aware of the risk of IRRs when using 
ocrelizumab. 

In contrast to high incidences of infection observed in RCTs 
(56.6–71.4%) [8]; [15], only 7 events in the category “infections and 
infestations” were reported. In view of the wide age spectrum observed 
in our programme, it is especially important to consider the impact of 
immunosenescence in elderly patients, i.e. the aging-related gradual 
dysregulation of immune function, which may increase the risk of in
fections and malignancies that are associated with immunosuppressive 
and immunomodulatory therapies. Ongoing and future registry-based 
analyses could provide more information about the impact of immu
nosenescence on the risk/benefit ratio of ocrelizumab and other B-cell 
depleting disease-modifying therapies [1]. PML is a main safety concern 
of treatment with natalizumab and to a lesser degree with fingolimod 
and dimethyl fumarate, especially in patients with impaired immune 
function. A low risk of PML has been associated with anti-CD20 anti
bodies, with a significant number of cases observed during combination 
treatment with rituximab in other disease areas than MS [4]. Although a 
case of PML was documented during this CUP, PML was determined to 
be carried-over from prior natalizumab treatment. As of April 2020, 

>160,000 people have been treated with ocrelizumab for RMS or PPMS 
globally, of which >158,000 received ocrelizumab in the 
post-marketing setting. As of 31 January 2020, no unconfounded PML 
case with ocrelizumab has been observed, i.e. one or several other risk 
factors for PML were present; 8 confirmed cases of carry-over-PML in 
patients with RMS/PPMS treated with ocrelizumab due to previous 
immunotherapies (natalizumab, in one case fingolimod) and one case of 
non-carry-over-PML were reported [17]. The potential contribution of 
ocrelizumab treatment to the non-carry-over-PML case among other 
confounding factors, such as potential immunosenescence (age 78 years) 
and low absolute lymphocyte count prior to (≤grade 1, no subtypes 
available) and during (≤grade 2, low CD4+ and CD8+ counts) treat
ment with ocrelizumab, is difficult to quantify but cannot be ruled out. 
To avoid ocrelizumab treatment of patients with existing PML, we 
recommend screening for PML using lumbar puncture and JCV-PCR as 
well as MRI before the first ocrelizumab infusion. Although, to date, no 
cases have been reported as being caused by ocrelizumab treatment 
either during clinical trials or during real-world treatment [11], physi
cians should consider the risk associated with immunosenescence and be 
vigilant for early PML symptoms. 

This CUP aimed to provide an effective therapy to patients with 
PPMS prior to the approval of ocrelizumab, while simultaneously col
lecting valuable information on ocrelizumab safety in a real-world 
setting from a substantial number of patients. Legal restrictions in Ger
many prevent such CUPs from collecting any effectiveness data as well 
as from adapting usual principles, measures or outcome parameters 
required or preferable in clinical trials. Thus, inherent limitations of our 
non-trial, CUP-based data collection include the absence of measures to 
control selection and treatment bias. Due to its termination upon mar
keting authorisation, approximately 90% of patients received only one 
treatment cycle, and there was no extended follow-up period (maximum 
follow-up was for 12 months). This limited our analysis to short-term 
safety data from the safety documentation process during the CUP. 

5. Conclusion 

This CUP provides first real-world safety data of a large patient 
cohort with PPMS treated with ocrelizumab in Germany, based on a 
short-term observation period of ≤12 months. Patient age and disease 
stage were more heterogeneous than in RCT populations. The observa
tions of this CUP support that ocrelizumab is generally well-tolerated in 
the real-world clinical treatment setting: AE categories were consistent 
with the known safety profile, with considerably lower AE and SAE rates 
than in RCTs. Physicians should be vigilant for early symptoms of PML, 
as to date, 9 PML cases that were all confounded have been reported in 
patients treated with ocrelizumab worldwide, with 8 carry-over cases 
from a prior disease-modifying therapy. Overall, the data provide phy
sicians with valuable clinical insights and may help inform future 
treatment decisions. 
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