
Neurotherapeutics (2021) 18:2579–2588

Vol.:(0123456789)1 3

https://doi.org/10.1007/s13311-021-01104-8

ORIGINAL ARTICLE

Predictors of Ocrelizumab Effectiveness in Patients with Multiple 
Sclerosis

Maria Cellerino1 · Giacomo Boffa1 · Caterina Lapucci1,2 · Francesco Tazza1 · Elvira Sbragia1 · Elisabetta Mancuso1 · 
Nicolò Bruschi1 · Simona Minguzzi3 · Federico Ivaldi1 · Ilaria Poirè3 · Alice Laroni1,3 · Gianluigi Mancardi1,4 · 
Elisabetta Capello3 · Antonio Uccelli1,3 · Giovanni Novi3 · Matilde Inglese1,5

Accepted: 5 August 2021 
© The Author(s) 2021

Summary
Data regarding effectiveness and safety of ocrelizumab in the post-marking setting are lacking. The aim of our study was to 
provide effectiveness and safety data of ocrelizumab treatment in patients with relapsing–remitting (RR-) and progressive 
multiple sclerosis (PMS) and to evaluate clinical and immunological predictors of early treatment response. In this single-
center prospective observational study, we investigated effectiveness outcomes (time-to-confirmed disability worsening, 
time-to-first relapse, time-to-first evidence of MRI activity and time-to-first evidence of disease activity), clinical and immu-
nological predictors of early treatment response, and incidence of adverse events (AEs). One hundred and fifty-three subjects 
were included (93 RRMS; 84 females). Median follow-up was 1.9 (1.3–2.7). At 2-year follow-up (FU), disability worsening-
free survival were 90.5%, 64.7%, and 68.8% for RRMS, primary-progressive MS (PPMS), and secondary-progressive MS 
(SPMS) patients, respectively. At 2-year FU, 67.1%, 72.7%, and 81.3% of patients with RRMS, PPMS, and SPMS were 
free of MRI activity, with NEDA-3 percentages of 62.1%, 54.6%, and 55.1%, respectively. Lower baseline EDSS was inde-
pendently associated with a reduced risk of disability worsening (HR(95%CI) = 1.45(1.05–2.00), p = 0.024) and previous 
treatment exposure was independently associated with increased probability of radiological activity (HR = 2.53(1.05–6.10), 
p = 0.039). At 6-month FU, CD8 + cell decrease was less pronounced in patients with inflammatory activity (p = 0.022). Six 
patients (3.9%) discontinued ocrelizumab due to severe AEs. Our findings suggest that ocrelizumab is an effective treatment 
in real-world patients with RRMS and PMS, with a manageable safety profile. Better outcomes were observed in treatment-
naïve patients and in patients with a low baseline disability level. Depletion of CD8 + cells could underlie early therapeutic 
effects of ocrelizumab.
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Background

Despite an increasing number of approved disease-modifying 
treatments (DMT) to reduce inflammatory activity, multiple 
sclerosis (MS) remains a leading cause of neurological dis-
ability in young adults [1]. Ocrelizumab is a B-cell deplet-
ing drug recently approved for the treatment of MS. Phase  
III clinical trials have shown significant benefits of ocreli-
zumab use in terms of clinical and MRI outcomes in relapsing– 
remitting (RR) and primary-progressive (PP) MS, along  
with a manageable safety profile [2, 3]. Open-label extension 
phases of pivotal trials confirmed that earlier and continuous 
treatment with ocrelizumab can provide sustained disease 
control in patients with RRMS [4] and PPMS [5]. Subgroup 
and post hoc analyses of efficacy endpoints from the pooled 
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OPERA I and OPERA II populations have been reported 
[6–8], showing that the treatment effect of ocrelizumab ver-
sus IFN β-1a was maintained across most of the subgroups 
and strata of interest. Moreover, a recently published post 
hoc exploratory analysis provided effectiveness data of ocre-
lizumab in a subgroup of patients with advanced MS [9].

However, available observational studies regarding its use 
in the post-marketing setting are still sparse [10–12] and 
characterized by several limitations, including the retro-
spective nature, limited numbers of patients enrolled, short 
follow-up duration, lack of MRI, and/or immunological data. 
Complementing the results of phase III clinical trials with 
observational data referring to an “unselected cohort” is 
critical in order to achieve information that could be trans-
ferred to real-life scenarios. Post-marketing studies explor-
ing the onset of efficacy after treatment commencement and 
the clinical and immunological variables associated with 
outcomes are indeed warranted, especially for patients with 
highly active forms of MS and advanced progressive MS.

Moreover, due to the inclusion of a highly selected popula-
tion, adverse events might be also underestimated in pivotal tri-
als [13, 14]. Since the positioning of ocrelizumab is still not well 
established within the therapeutic algorithm for MS, it is crucial 
to provide clinicians with relevant information on prognostic 
and predictive factors that can help assess the benefit-risk ratio.

Therefore, the aim of our study was to investigate in a 
real-world setting the effectiveness and safety of treatment 
with ocrelizumab in patients with RR and progressive MS 
(PMS) and to determine potential clinical or immunological 
predictors of treatment response.

Methods

Study Design, Standard Protocol Approvals, 
and Patient Consent

This is an observational prospective single-center cohort 
study conducted at the MS Center of the University of 
Genoa, Policlinico San Martino, evaluating effectiveness and 
safety of ocrelizumab therapy for the treatment of RRMS 
and PMS. All participants provided consent to use their 
medical history for publication. Ocrelizumab was prescribed 
and administered by the treating physician to relapsing forms 
of MS and early PPMS according to regulatory policies. 
From March to June 2020, due to coronavirus disease 2019 
(COVID19) pandemic, ocrelizumab was administered fol-
lowing a tailored approach evaluating the profile risk of 
each patient, according to international indications [15, 16]. 
All patients were clinically evaluated every 3 months for 
assessment of effectiveness and safety. One-hundred forty-
five patients (95%) underwent baseline and follow-up MRI 
scans at our institution with a standardized 3-T MRI protocol 

(Siemens PRISMA). A subset of patients (n = 73) underwent 
serial blood samples at our institution every 6 months, before 
ocrelizumab infusion, for lymphocyte profiling and immu-
noglobulin concentration.

Study Endpoints

The primary objective of our study was to determine time-
to-first relapse, time-to-confirmed disability worsening, 
time-to-first evidence of MRI activity, and time-to-first evi-
dence of disease activity (according to the NEDA-3 defini-
tion) in real-life patients treated with ocrelizumab. Second-
ary outcomes were to (i) assess efficacy outcomes in patients 
with recent high disease activity and those with a relatively 
high disability at ocrelizumab commencement, (ii) assess 
clinical and immunological predictors of early inflammatory 
activity based on flow-cytometry immune subsets characteri-
zation during ocrelizumab therapy, and (iii) assess safety of 
treatment. Baseline brain MRI (acquired within 3 months 
before ocrelizumab start) was the pre-treatment reference 
scan for assessment of treatment failure. As exploratory 
analyses, re-baseline of MRI activity was performed 100 
and 180 days after ocrelizumab start. Recent highly active 
MS was defined, based on the criteria proposed by Rush 
et al. [17], as the presence of MRI activity and at least one 
relapse in the year before ocrelizumab start in patients with 
accelerated accrual of disability (EDSS ≥ 4.0). In line with 
post hoc analyses of OPERA and ORATORIO studies 
[9], we separately explored efficacy outcomes in patients 
with baseline EDSS score ≥ 4 at ocrelizumab start. Early 
inflammatory activity was defined as the occurrence of MRI 
inflammatory activity or a relapse within the first 12 months 
of treatment. All the analyses were performed on the global 
cohort of patients and, as sensitivity analyses, in the cohort 
of patients with RRMS and progressive MS separately.

Statistical Analyses

Descriptive results were reported as mean with standard 
deviation (SD) or median with interquartile range (IQR). 
The probability of disability worsening-free survival, relapse-
free survival, MRI activity-free survival, and NEDA-3 sta-
tus was calculated with the Kaplan–Meier estimator. Uni-
variate and multivariate analyses assessing the association 
of demographic- and disease-related characteristics with 
survival endpoints were performed using Cox proportional 
hazards regression analysis models. Variables significantly 
associated with each outcome event on univariate analysis 
were included as covariates in the multivariate model. Dif-
ferences in lymphocyte subpopulations at different timepoints 
were assessed with analysis of covariance, adjusting for 
age, sex, MS phenotype, and last DMT before ocrelizumab 
initiation. Correction was made for multiple comparisons 
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(Bonferroni-p = 0.0028). Univariate and multivariate binary 
logistic regression analyses were used to explore the predic-
tive role of clinical and immunological variables in terms of 
early inflammatory activity. A time*early treatment response 
group interaction was included into a linear mixed model 
with random intercept and random slope to test differences 
on lymphocyte subset values time trend between patients 
with and without early inflammatory activity. A two-sided 
p < 0.05 was used for statistical significance. SPSS 23 (IBM; 
version 23.0) and R software (version 4.0.3) were used for 
computation.

Results

Study Population

One hundred and fifty-three consecutive MS patients (93 
RRMS, 43 PPMS and 17 relapsing, secondary-progressive (SP) 
MS) initiated treatment with ocrelizumab at the MS Center of 

the University of Genoa, Policlinico IRCCS San Martino, from 
July 2017 to July 2020. Demographic- and disease-related char-
acteristics at ocrelizumab start are reported in Table 1.

Primary Outcome

Figure 1 (panel A–F) reports the results of the primary out-
come. At 2-year FU, 90.5% of patients with RRMS, 64.7% 
of patients with PPMS, and 68.8% of patients with SPMS 
were free of disability worsening. Table 2 reports the results 
of the univariate and multivariate analyses of clinical factors 
influencing the outcomes. Lower EDSS, RRMS phenotype, 
shorter disease duration, younger age, higher ARR, and pres-
ence of inflammatory signs at baseline MRI were associated 
with reduced risk of disability worsening. At multivariate 
analyses, lower EDSS was independently associated with 
a better clinical outcome (HR 1.45 (1.05–2.00), p = 0.023). 
Two out of five patients with RRMS who experienced dis-
ability worsening had highly active MS and 5/5 experienced 
progression independent of relapse activity.

Table 1   Demographic and clinical characteristics

RRMS relapsing–remitting multiple sclerosis, PPMS primary-progressive multiple sclerosis, SPMS secondary progressive multiple sclerosis, 
PMS progressive multiple sclerosis, n number, SD standard deviation, IQR interquartile range, EDSS expanded disability status scale, DMT 
disease-modifying therapy

Total cohort
(n = 153)

RRMS
(n = 93)

Progressive-MS

PPMS
 (n = 43)

SPMS
 (n = 17)

Total PMS
(n = 60)

Females, n (%) 84 (54.9) 60 (64.5) 20 (46.5) 4 (23.5) 24 (40.0)
Age, mean (SD), y 41.9 (11.4) 36.9 (10.2) 49.2 (8.6) 50.6 (8.2) 49.6 (8.4)
Disease duration, mean (SD), y 10.3 (9.9) 9.3 (9.2) 8.4 (6.5) 20.8 (14.7) 11.9 (11.0)
EDSS, median (IQR) 3.5 (2–5.5) 2 (2–3.5) 5.5 (3.5–6.5) 6 (5–6.5) 6 (3.5–6.5)
Number of relapses in previous 12 months, mean (SD) 0.5 (0.7) 0.8 (0.7) - 0.2 (0.4) 0.1 (0.2)
MRI activity at ocrelizumab start, n (%) 91 (59.5%) 75 (81.5) 9 (21.4) 7 (41.2) 16 (27.1)
Number of previous treatment, median (IQR) 1 (0–2) 1 (0–3) 1 (0–1) 1 (1–3) 1 (0–2)
Naïve patients, n (%) 46 (30.1) 25 (26.9) 18 (41.9) 3 (17.6) 21 (35.0)
Previous exposure to high efficacy DMT, n (%) 58 (54.2) 44 (64.7) 7 (28.0) 7 (50.0) 14 (35.9)
Last DMT, n (%)

  Interferon 12 (7.8) 7 (7.5) 4 (9.3) 1 (5.9) 5 (8.3)
  Glatiramer acetate 10 (6.5) 4 (4.3) 3 (7.0) 3 (17.6) 6 (10.0)
  Fingolimod 26 (17) 24 (25.8) 1 (2.3) 1 (5.9) 2 (3.3)
  Dimethyl fumarate 13 (8.5) 6 (6.5) 5 (11.6) 2 (11.8) 7 (11.7)
  Teriflunomide 4 (2.6) 4 (4.3) 0 (0) 0 (0) 0 (0)
  Natalizumab 9 (5.9) 6 (6.5) 0 (0) 3 (17.6) 3 (5.0)
  Alemtuzumab 11 (7.2) 10 (10.8) 0 (0) 1 (5.9) 1 (1.7)
  Cladribine 2 (1.3) 2 (2.2) 0 (0) 0 (0) 0 (0)
  Other 20 (13.1) 5 (5.4) 12 (27.9) 3 (17.6) 15 (25)

Time from DMT discontinuation to ocrelizumab start, 
median (IQR), d

68 (30–501) 60 (25–112) 335 (81–1157) 859 (132–2158) 452 (99–1228)

Highly active MS, n (%) 17 (11.1) 14 (15.1) - 3 (17.6) 3 (5.0)
Advanced MS, n (%) 66 (43.1) 22 (23.7) 30 (69.8) 14 (82.4) 44 (73.3)
Follow-up, median (IQR), y 1.9 (1.3–2.7) 1.6 (1.11–2.03) 2.5 (2.0–3.0) 2.0 (1.2–2.7) 2.3 (1.8–2.99)
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A total of 95.1% patients with RRMS were free of relapses at 
2-year FU. Four patients had a single relapse at + 27, + 72, + 103, 

and + 520 days, respectively. In the RRMS cohort, pre-treatment 
annualized relapse rate (ARR) was 0.78 (0.70), 1-year FU ARR 
was 0.04 (0.18), and 2-year FU  ARR was 0.04 (0.21).

At 2-year FU, 67.1% RRMS patients, 81.3% PPMS patients, 
and 72.7% SPMS patients were free of MRI evidence of 
disease activity. After a 100-day re-baseline of MRI activ-
ity, percentages of patients without MRI activity increased 
to 82.1%, 83.8%, and 72.7% for RRMS, PPMS, and SPMS 
patients respectively. After a 180-day re-baseline, percentages 
increased to 92.1%, 88.4%, and 83.1%. Male sex, RRMS phe-
notype, previous exposure to DMT, and baseline active MRI 
were associated with an increased risk of MRI activity during 
ocrelizumab therapy. At multivariate analysis, patients previ-
ously treated with a DMT had an increased risk of MRI activ-
ity (HR (95%CI) = 2.53 (1.05–6.10), p = 0.039). Among 21 
patients who experienced MRI inflammatory activity within 
180 days, only 1 patient had further MRI activity at + 520 days.

At 2-year FU, NEDA-3 percentages were 62.1%, 54.6%, 
and 55.1% for RRMS, PPMS, and SPMS respectively. After 
a 100-day re-baseline of MRI activity, NEDA-3 percentages 

Fig. 1   NEDA-3 status and individual components during ocreli-
zumab therapy in relapsing–remitting and progressive MS. Spe-
cifically, panel (A) shows the percentages of RRMS and PMS 
patients free of disability worsening throughout follow-up; panel (B) 
shows occurrence of relapses in RRMS and PMS throughout follow-
up;  panel (C) shows  RRMS and PMS patients  free of MRI activ-
ity  throughout follow-up; panel (D) NEDA-3 percentages in RRMS 
and PMS patients  throughout follow-up; panel (E) shows  RRMS 
and PMS patients free of MRI activity throughout follow-up after a 
100-day re-baseline of MRI activity; panel (F) shows NEDA-3 per-
centages in RRMS and PMS patients  throughout follow-up  after a 
100-day re-baseline of MRI activity; panel (G) shows  percentages 
of subjects free of disability worsening throughout follow-up in sub-
groups of  patients with baseline EDSS<4 and those with  baseline 
EDSS ≥ 4 at ocrelizumab start; panel (H) shows  NEDA-3 percent-
ages in  treatment-naive and previously treated patients  throughout 
follow-up. RRMS, relapsing–remitting multiple sclerosis; PMS, pro-
gressive multiple sclerosis; EDSS, expanded disability status scale; 
NEDA-3, no evidence of disease activity

◂

Table 2   Univariate and multivariate analyses of factors associated with outcomes

n number, HR hazard ratio, 95% CI confidence intervals, RRMS relapsing–remitting multiple sclerosis, PMS progressive multiple sclerosis, 
EDSS expanded disability status scale, NEDA-3 no evidence of disease activity
# Multivariate analysis: Chi-square = 24, p < 0.0001, EDSS = [HR (95%CI) = 1.45 (1.05–2.00), p = 0.024]
°Multivariate analysis; Chi-square = 14, p = 0.006, previous treatment, naive/treated = [HR (95%CI) = 2.53 (1.05–6.10), p = 0.039]

Disability worsening MRI-inflammatory activity NEDA-3 status

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Total cohort (n = 153)
  MS phenotype, RRMS/PMS 5.69 (2.13–15.2) 0.001# 0.47 (0.23–0.98) 0.045° 0.98 (0.57–1.67) 0.931
  Age 1.08 (1.04–1.12)  < 0.0001# 0.99 (0.96–1.05) 0.357 1.01 (0.99–1.04) 0.218
  Sex, female/male 0.75 (0.35–1.62) 0.461 0.49 (0.24–1.00) 0.052° 1.28 (0.75–2.18) 0.372
  Disease duration 1.03 (1.00–1.07) 0.036# 0.99 (0.95–1.02) 0.431 1.00 (0.97–1.03) 0.960
  EDSS 1.74 (1.37–2.22)  < 0.0001# 0.98 (0.83–1.16) 0.847 1.14 (0.99–1.30) 0.060
  Previous treatment, naïve/treated 1.68 (0.67–4.19) 0.268 0.42 (0.17.1.01) 0.052° 0.48 (0.25–0.94) 0.032
  Active baseline MRI scan, yes/no 0.31 (0.13–0.75) 0.009# 2.65 (1.24–5.64) 0.012° 1.15 (0.67–1.97) 0.621

RRMS (n = 93)
  Age 1.08 (0.99–1.18) 0.086 1.01 (0.97–1.05) 0.617 1.02 (0.99–1.06) 0.223
  Sex, female/male 7.31 (0.82–65.4) 0.075 1.44 (0.61–3.43) 0.408 0.85 (0.41–1.75) 0.662
  Disease duration 1.08 (0.99–1.17) 0.063 0.97 (0.92–1.02) 0.268 0.98 (0.94–1.02) 0.374
  EDSS 1.38 (0.84–2.28) 0.203 1.20 (0.94–1.55) 0.148 1.20 (0.95–1.50) 0.121
  Previous treatment, naïve/treated 37.5 (0.01–112) 0.375 2.46 (0.84–7.19) 0.100 0.41 (0.15–1.08) 0.075
  Active baseline MRI scan, yes/no 0.90 (0.10–8.15) 0.927 1.83 (0.55–6.10) 0.325 1.53 (0.53–4.41) 0.426

Progressive MS (n = 60)
  Age 1.04 (0.99–1.10) 0.149 0.99 (0.93–1.07) 0.861 1.02 (0.97–1.06) 0.479
  Sex, female/male 1.90 (0.81–4.50) 0.141 2.44 (0.69–8.64) 0.168 2.22 (0.99–4.98) 0.054
  Disease duration 1.01 (0.98–1.05) 0.519 1.01 (0.97–1.06) 0.569 1.01 (0.98–1.05) 0.428
  EDSS 1.66 (1.16–2.37) 0.005 1.11 (0.75–1.66) 0.589 1.30 (0.98–1.73) 0.069
  Previous treatment, naïve/treated 1.39 (0.54–3.59) 0.494 1.95 (0.41–9.19) 0.399 1.48 (0.59–3.75) 0.406
  Active baseline MRI scan, yes/no 0.68 (0.20–2.33) 0.535 3.31 (0.92–11.9) 0.067 0.99 (0.34–2.93) 0.992

2583



M. Cellerino et al.	

1 3

increased to 71.9%, 71.4%, and 57.9% respectively. NEDA-3 
rates after a 180-day re-baseline were 77.1%, 71.9%, and 
67.3% for RRMS, PPMS, and SPMS respectively. Naïve 

patients had a higher probability of achieving NEDA-3 sta-
tus (HR 0.48 (0.25–0.94), p = 0.032) (Fig. 1, panel H).

Table 3   Lymphocyte subsets during the first year of treatment

^Multivariate ANCOVA corrected for age, sex, MS phenotype
°Multivariate ANCOVA corrected for age, sex, MS phenotype, and last DMT before ocrelizumab initiation
*  Uncorrected p < 0.05
** Bonferroni p < 0.0028

Total cohort Treated Treatment-naive Treated vs naive
p value^

With early 
inflammatory 
activity

Without early 
inflammatory 
activity

With vs without early 
inflammatory activity
p value°

Baseline
  Available, n 73 55 18 17 56
  Leukocytes, 

N/mm3
6273 (2262) 6064 (2208) 6913 (2368) 0.254 6501 (3232) 6205 (1908) 0.522

  Lymphocyte, 
N/mm3

1793 (771) 1680 (801) 2139 (557) 0.050 2030 (1188) 1721 (587) 0.088

  CD3 + , N/
mm3

1259 (602) 1158 (624) 1568 (404) 0.022* 1452 (879) 1201 (484) 0.085

  CD4 + , N/
mm3

807 (446) 742 (463) 1006 (323) 0.047* 922 (641) 772 (367) 0.172

  CD8 + , N/
mm3

439 (214) 411 (224) 526 (153) 0.088 515 (263) 416 (193) 0.064

  CD19 + , N/
mm3

291 (257) 289 (244) 299 (303) 0.960 334 (366) 279 (217) 0.407

6 months
  Available, n 73 55 18 17 56
  Leukocytes, 

N/mm3
5712 (1666) 5681 (1737) 5806 (1469) 0.870 5991 (1386) 5627 (1745) 0.209

  Lymphocyte, 
N/mm3

1388 (547) 1306 (554) 1639 (451) 0.036* 1564 (666) 1335 (501) 0.049*

  CD3 + , N/
mm3

1122 (505) 1042 (508) 1367 (419) 0.027* 1327 (617) 1060 (454) 0.014*

  CD4 + , N/
mm3

714 (367) 652 (366) 903 (309) 0.016* 824 (446) 680 (338) 0.046*

  CD8 + , N/
mm3

369 (192) 352 (196) 421 (176) 0.305 484 (214) 334 (173) 0.001**

  CD19 + , N/
mm3

19 (32) 23 (36) 7 (11) 0.084 29 (46) 17 (27) 0.495

12 months
  Available, n 61 45 16 11 50
  Leukocytes, 

N/mm3
6306 (2704) 6296 (3055) 6334 (1314) 0.912 5432 (1499) 6532 (2926) 0.482

  Lymphocyte, 
N/mm3

1488 (655) 1359 (669) 1868 (476) 0.022* 1513 (561) 1528 (661) 0.584

  CD3 + , N/
mm3

1204 (524) 1091 (496) 1525 (476) 0.012* 1233 (493) 1211 (533) 0.469

  CD4 + , N/
mm3

780 (356) 695 (328) 1020 (330) 0.003* 760 (320) 794 (365) 0.759

  CD8 + , N/
mm3

397 (224) 370 (228) 471 (199) 0.251 456 (314) 387 (201) 0.199

  CD19 + , N/
mm3

25 (70) 32 (81) 5 (7) 0.267 11 (14) 28 (78) 0.314
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Patients with Baseline EDSS ≥ 4 and with Highly 
Active MS

Patients with baseline EDSS ≥ 4 at ocrelizumab start had a 
higher risk of disability worsening (disability worsening-free 
survival 60.1% vs 94.1%, HR = 8.16 (2.81–23.7), p < 0.0001) 
and lower NEDA-3 rates (43.4% vs 70.1%, HR = 1.90 
(1.11–3.24), p = 0.019) compared to patients with baseline 
EDSS < 4 (Fig. 1, panel G). Patients with highly active MS 
had a higher risk of persistent MRI inflammatory activity 
(MRI-free survival 58.3% vs 75.5%, HR = 0.35 (0.15–0.82), 
p = 0.015) and tended to have lower NEDA-3 rates (NEDA-3 
percentage of 38.9% vs 60.1, HR = 0.48 (0.22–1.02), p = 0.056) 
compared to patients without the same baseline characteristics.

Predictors of Early Inflammatory Activity

Out of 145 patients, 30 (20.7%) had early inflammatory 
activity in the first year of treatment. The RRMS phenotype 
(OR 3.19 (1.21–8.39), p = 0.019) and MRI activity at base-
line (OR 0.21 (0.07–0.59), p = 0.003) were associated with 
an increased risk of early inflammatory activity. Leukocyte, 
total lymphocyte, CD4 + , CD8 + , and CD19 + cell counts 
during the first year of ocrelizumab therapy are reported 
in Table 3. While no significant differences in cell count 
were present at baseline, at 6-month FU, patients with 
early inflammatory activity had higher total lymphocytes, 
CD3 + , CD4 + , and CD8 + cell counts compared with sta-
ble patients. Only difference in CD8 + cell count survived 
Bonferroni correction for multiple comparisons. Using lin-
ear mixed model, CD8 + cell decrease at 6-month FU was 

less pronounced in patients with early inflammatory activity 
(p = 0.022), while no significant differences were noted in 
the dynamics of CD4 + and CD19 + counts. When including 
CD4 + , CD8 + , and CD19 + cell counts to MS phenotype 
and MRI baseline activity in a logistic regression model 
predicting early inflammatory activity, CD8 + count was 
the only independent variable associated with outcome (OR 
1.005 (1.001–1.009), p = 0.019).

Safety

Adverse events and serious adverse events are detailed in 
Table 4. Seventy-four patients (48.4%) experienced at least 
one adverse event while on ocrelizumab therapy. Mean (SD) 
number of adverse events per patient was 1.8 (1.3). Infections 
accounted for the vast majority (89.2%) of total adverse events. 
Patients with PMS had a slightly increased risk of adverse 
events (OR = 0.52 (0.27–0.99), p = 0.049). No differences in 
the frequencies of total and infectious adverse events were 
noted between treatment-naïve patients and patients previously 
treated with other DMTs. Most patients (74.3%) experienced 
the first adverse event within the first year of treatment. In 
five patients (3.3%), a diagnosis of neoplasm was reported: 
specifically breast cancer (n = 2, at + 50 and + 1090 days from 
first ocrelizumab course), cervical cancer (n = 1, + 113 days), 
lymphoma (n = 1, + 770 days), and a myelodysplastic syn-
drome eventually evolved into acute myeloid leukemia 
(n = 1, + 613 days). Four patients developed COVID-19, with 
mild disease in 3 of them. One patient developed moderate-
severe disease requiring hospitalization, without need for 
intensive care unit admission. All patients underwent complete 

Table 4   Safety

RRMS relapsing–remitting multiple sclerosis, PMS progressive multiple sclerosis, n number, IQR interquartile range, HSV1 herpes simplex virus 
type 1, VZV varicella zoster virus, COVID coronavirus 19 associated disease

Total cohort RRMS PMS

Any adverse events, n (%) 74 (48.4) 39 (41.9) 35 (58.3)
Adverse events leading to ocrelizumab discontinuation, n (%) 6 (3.9) 3 (2.0) 2 (1.3)
Adverse events leading to hospitalization, n (%) 4 (2.6) 2 (1.3) 2 (1.3)
Number of adverse events per subject, median (IQR) 1 (1–2) 1 (1–2) 1 (1–2)
Time from first ocrelizumab infusion, d 161 (54–351) 120 (54–303) 206 (53–395)
Serious infusion associated reactions, n (%) 0 0 0
Infectious adverse events, n (%) 66 (43.1) 35 (37.6) 31 (51.7)

  Pneumonia 2 2 0
  Upper respiratory tract infection 40 16 24
  Lower urinary tract infection 8 6 2
  HSV1 reactivation 12 8 4
  VZV reactivation 2 2 0
  COVID 4 3 1

Neoplasm, n (%) 5 (3.3) 3 (2.0) 2 (1.3)
Death, n (%) 0 0 0
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recovery. At 6-month FU, 7 patients (9.6%) developed IgG 
hypogammaglobulinemia, 1 patient (1.4%) developed IgA 
hypogammaglobulinemia, and 12 (16.4%) developed IgM 
hypogammaglobulinemia. At 12-month FU, the percent-
ages of patients with IgG, IgA, and IgM hypogammaglobu-
linemia increased to 6.8%, 2.7%, and 23.3%, respectively. At 
18-month FU, 2/40 patients (5%) had IgG hypogammaglobu-
linemia, 3 patients (7.5%) had IgA hypogammaglobulinemia, 
and 9 patients (22.5%) had IgM hypogammaglobulinemia. At 
24-month FU, the frequency of hypogammaglobulinemia was 
11.1% (3/27) for IgG, 0% for IgA, and 29.6% [8] for IgM. 
No patient developed severe IgG hypogammaglobulinemia 
(< 200 mg/dL) [18].

Discussion

We herein provide single-center effectiveness and safety data 
about ocrelizumab treatment in relapsing–remitting and pro-
gressive MS patients, prospectively followed in a real-world 
setting for a median follow-up of almost 2 years. Our cohort 
consisted of a heterogeneous group of patients with a large 
variety in terms of age, disease activity, phenotype, treat-
ment history, and comorbidities, and included a relatively 
high number of patients with recent high disease activity and 
relatively high disability at treatment start.

In the RRMS population we observed that, at 2-year FU, 
95.1% patients were free of relapses, 90.5% patients free of 
disability worsening, and 67.1% patients free of MRI activ-
ity, with an overall percentage of patients reaching NEDA-3 
of 62.1%. The ARR decreased from 0.78 to 0.04 (at 1- and 
2-year FU), which is in line with the relapse rate at 2-year 
FU reported in the OPERA I and II studies (0.16) [2].

As per the progressive cohort, we observed a percent-
age of patients free of disability worsening at 2-year FU 
of 64.7% and 68.8% in PPMS and SPMS, respectively. 
ORATORIO study was the first clinical trial to demon-
strate a benefit on disability progression in PPMS patients 
treated with ocrelizumab, showing a percentage of dis-
ability worsening-free patients of 67.1% (3); its open-label 
extension confirmed the persistent treatment-associated 
beneficial effect in terms of disability progression over a 
period of 5 years [5]. Our results show a sustained benefi-
cial effect of ocrelizumab treatment in progressive patients 
over a period of 2 years in a real-world setting. Of note, 
although no phase III clinical trials specifically exploring 
the effect of ocrelizumab use in SPMS patients is avail-
able, our data might suggest that relapsing SPMS respond 
to ocrelizumab similarly to PPMS patients.

When analyzing potential predictors of treatment 
response, lower baseline EDSS was independently asso-
ciated with a reduced risk of disability worsening, while 
previous DMT exposure was independently associated with 

an increased risk of MRI activity and NEDA-3 failure. The 
effect of EDSS in influencing the risk of disability worsen-
ing was particularly evident in the cohort of patients with 
PMS. In line with this finding, we observed that patients 
with baseline EDSS ≥ 4 had a higher risk of disability wors-
ening and lower NEDA-3 rates at 2-year FU. As for patients 
with RRMS, we observed a tendency towards a reduced 
risk of NEDA-3 failure in treatment-naïve patients. Taken 
together, our results suggest that early commencement with 
ocrelizumab treatment should be considered in order to pre-
vent persistent disease activity. These finding are in line 
with recent evidence demonstrating that early commence-
ment of highly efficacy drugs is associated with reduced 
long-term disability and later conversion to SPMS [19–21].

Despite such encouraging results, we observed some evi-
dence of persistent MRI activity in the first year of treatment, 
both in RRMS and PMS patients (MRI activity-free survival 
at 2 years of 67.1%, 81.3%, and 72.7% for RRMS, PPMS, and 
SPMS patients, respectively). The post hoc analysis pooling 
results of phase II and III trials suggested that ocrelizumab 
efficacy in terms of MRI outcome is evident as early as 
4 weeks, and nearly complete by week 8 [22]. We performed 
a re-baseline of MRI activity at 100 and 180 days after ocre-
lizumab start and observed that percentages of MRI activity-
free patients increased to 73–82% and to 83–92%, respec-
tively. Accordingly, NEDA-3 percentages after 180 days of 
treatment increased to 77.1%, 71.9%, and 67.3% for RRMS, 
PPMS, and SPMS respectively. These results are in line with 
the post hoc analysis of the OPERA trial, in which the propor-
tion of patients reaching NEDA-3 status was 72.2% after a 
24-week re-baseline [23]. In RRMS patients, the presence of 
inflammatory activity at baseline MRI and a previous DMT 
exposure were associated with an increased risk of MRI 
activity during ocrelizumab treatment, with previous DMT 
exposure being the only independent variable associated with 
worse outcome at the multivariate analysis. Accordingly, a 
previous DMT exposure was associated with lower proba-
bilities of achieving NEDA-3 status. These results are in line 
with those from an independent cohort of patients treated with 
ocrelizumab, in which lower baseline EDSS and higher previ-
ous relapse rate were associated with an increased risk of early 
inflammatory activity during ocrelizumab treatment [24].

We also observed significantly lower rates of MRI activity-
free survival (58.3%) in the subgroup of patients with highly 
active MS, compared to the total cohort of patients. Since a 
rapid effect in controlling MRI activity is critical to mini-
mize brain damage and prevent accumulation of disability in 
aggressive MS, these results suggest that in patients in whom 
immediate and complete disease control is warranted, DMTs 
with more rapid immune-ablative action should be considered.

It is generally believed that the impairment of the antigen-
presenting capacity of B cells is one of the major mechanisms 
underlying the therapeutic efficacy of ocrelizumab. However, 
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a subset of T cells, mainly CD8 + , also expresses CD20 and 
represents a highly activated cell population [25]. CD20 + T 
cells have been found to be increased in MS patients [26], 
representing almost 20% of all CD20 + expressing cells 
[27]. It has been recently showed that ocrelizumab reduces 
CD20 + T cells after 6 months of treatment [28], in line with 
similar findings found during treatment with rituximab [29]. 
We showed that patients with persistent early inflammatory 
activity during the first year of treatment had higher levels of 
CD8 + cells at 6-month FU as compared with stable patients. 
Although our evidence is limited, we cautiously speculate 
that the decrease in CD8 + cells is driven, at least partially, 
by the reduction of CD20 + T cells induced by ocrelizumab. 
Indeed, a transient reduction in CD8 + cells has been reported 
in phase III trials [2, 3], and in real-life patients [30], but to 
date no evidence exists on the possible therapeutic effect of 
this cellular subset reduction. Since these findings are based 
on immunophenotyping data collected in clinical practice, 
we could not validate them with double staining analyses and 
thus provide a mechanistic explanations for our observations. 
Larger studies exploring the effect of ocrelizumab treatment 
on CD20 + CD8 + cells and its possible association with clini-
cal outcomes are needed in order to confirm our findings.

In line with phase II and III clinical trials and the few real-
world studies available, our data showed an overall favorable 
safety profile of ocrelizumab in RRMS and PMS. Of note, we 
observed a slightly increased risk of AEs among real-life progres-
sive patients, as reported by other groups [31]. Upper respiratory 
tract infections represented the most frequently observed AEs. 
Concerns have been raised regarding an increased risk of infec-
tious events due to sustained B-cell depletion over time. In our 
population, most AEs occurred within the first year of treatment. 
We cannot exclude that the restriction due to COVID19 pandem-
ics implemented in the past months reduced the risk of other res-
piratory tract infection, as observed with influenza virus [32]. The 
frequency of malignancies observed in our study was 3.3% (2.3% 
in ORATORIO, 0.7% and 0.2% in OPERA I and II, respectively). 
These results underline the importance of strictly following the 
regular standard cancer screening according to guidelines.

Our study has several limitations, including the lack of spine 
MRI, patients’ BMI, and a relatively short follow-up. In addi-
tion, flow cytometry immune subset characterization was avail-
able only for a subgroup of patients. Finally, pre-treatment brain 
MRI were acquired within 3 months of ocrelizumab start and not 
just before treatment commencement; thus, we cannot rule out 
whether part of the persistent MRI activity we observed during 
the first months of treatment occurred before treatment start.

Conclusions

Our data point at ocrelizumab as an effective treatment 
option in patients with RRMS and PMS, especially for 
those patients who initiate ocrelizumab treatment in the 

early phase of the disease and for treatment-naïve patients. 
Depletion of CD8 + cells could account for early therapeutic 
effects of ocrelizumab.
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