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Abstract
Introduction  Ocrelizumab (OCR) and Fingolimod (FGL) are two high-efficacy treatments in multiple sclerosis which, 
besides their strong anti-inflammatory activity, may limit neurodegeneration.
Aim  To compare the effect of OCR and FGL on clinical and MRI endpoints.
Methods  95 relapsing–remitting patients (57 OCR, 38 FGL) clinically followed for 36 months underwent a 3-Tesla MRI 
at baseline and after 24 months. The annualized relapse rate, EDSS, new cortical/white matter lesions and regional cortical 
and deep grey matter volume loss were evaluated.
Results  OCR reduced the relapse rate from 0.48 to 0.04, FGL from 0.32 to 0.05 (both p < 0.001). Compared to FGL, OCR-
group experienced fewer new white matter lesions (12% vs 32%, p = 0.005), no differences in new cortical lesions, lower deep 
grey matter volume loss (− 0.12% vs − 0.66%; p = 0.002, Cohen’s d = 0.54), lower global cortical thickness change (− 0.45% 
vs − 0.70%; p = 0.036; d = 0.42) and reduced cortical thinning/volume loss in several regions of interests, including those of 
parietal gyrus (d-range = 0.65–0.71), frontal gyrus (d-range = 0.47–0.60), cingulate (d-range = 0.41–0.72), insula (d = 0.36), 
cerebellum (cortex d = 0.72, white matter d = 0.44), putamen (d = 0.35) and thalamus (d = 0.31). The effect on some regional 
thickness changes was confirmed in patients without focal lesions.
Conclusions  When compared with FGL, patients receiving OCR showed greater suppression of focal MRI lesions accumula-
tion and lower cortical and deep grey matter volume loss.
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Introduction

In multiple sclerosis (MS), it is now clear that the reduc-
tion of overt inflammatory disease activity (i.e. clinical 
relapses, new focal magnetic resonance imaging [MRI] 
lesions) should be combined with the prevention of chronic 
inflammation and neurodegenerative phenomena that are 
likely to represent the main contributors to disease progres-
sion [1]. Demonstrating the strong effects of ocrelizumab 
(OCR), a humanized monoclonal antibody that selectively 
depletes CD20+ B cells, has provided a new therapeutic 
avenue for relapsing–remitting (RR)MS patients [2, 3]. In 
this view, emerging findings suggest that besides the strong 
anti-inflammatory activity, OCR may contribute to limiting 
disability progression and cognitive impairment, slowing 
down neurodegeneration.
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Brain atrophy is a surrogate marker of neurodegen-
eration, and therefore, it has been incorporated as an 
endpoint in several recent clinical trials in MS [4]. By 
evaluating the data from randomized control trials of 
RRMS patients, significant differences in the percentage 
brain volume change from week 24 to week 96 between 
the OCR- and the IFN β-1a-group were observed in the 
OPERA I, but not in the OPERA II [3]. Moreover, the 
recent studies have evaluated the effects of OCR in spe-
cific brain structures, showing significantly lower tha-
lamic atrophy in RRMS patients treated with OCR as 
compared to IFN β-1a [5], with global and regional brain 
volume loss rates approaching that of healthy controls [6]. 
Being atrophy an MRI approach measuring tissue loss, an 
estimation of neurodegeneration, these findings suggested 
that OCR promotes the reduction of both inflammation 
and the progression of neurodegeneration.

However, till now, no head-to-head comparisons 
between OCR and another high-efficacy treatment have 
been conducted for regional atrophy measures. The recent 
observational studies showed that fingolimod (FGL), a 
sphingosine1-phosphate (S1P) receptor modulator, sig-
nificantly reduced cortical lesion formation and GM atro-
phy progression compared to placebo [7, 8]. Moreover, 
the suggested neuroprotective effect of the S1P-receptor 
modulators[9] has been further supported by their recent 
approval for the treatment of secondary progressive MS 
patients [10].

In the present study, we performed a head-to-head 
comparison between OCR and FGL on clinical outcomes 
after a 3-year follow-up (FU) and MRI measures of 
inflammation (new focal lesions) and neurodegeneration 
(global/regional atrophy) over a 2-year FU.

Methods

Subjects

In this observational, prospective, longitudinal, 3-year study, 
we included 95 RRMS patients: 57 treated with ocrelizumab 
and 38 with fingolimod (see Fig. 1 for the study design).

Inclusion criteria were: a diagnosis of relapsing–remit-
ting MS according to McDonald criteria [11]; neurological 
examination every 6 months until the third year of follow-up 
(T36); a 3 T MRI performed at T0 (the re-baseline MRI) 
and after 24 months from re-baseline T24; treatment with 
FGL or OCR. Exclusion criteria were any condition that 
prevented the execution of MRI or the administration of 
OCR and FGL. Most patients under treatment with FGL/
OCR were not-responders to previous treatment and highly 
active patients (28 patients), or in natalizumab at high risk 
of multifocal leukoencephalopathy (10 patients) or naive 
highly active (19 patients). Patients starting treatment with 
OCR were excluded if they had previously received FGL at 
any time point.

Clinical evaluation

Each patient was clinically assessed by recording new 
relapses and the EDSS[12] at least every 6 months for an 
extended FU of 3 years (T0–T24–T36) and also data in the 
previous 24 months before starting the therapy were col-
lected (T-24).

The annualized relapse rate (ARR) was calculated as the 
total number of relapses divided by the total number of years 
of FU.

Disability progression was assessed by EDSS change 
between T0 and T24 (Δ-EDSS) and confirmed after 
6 months. Confirmed disability progression was defined as 

Fig. 1   Study design. Patients underwent clinical evaluations record-
ing relapses and EDSS during the 2 years before starting ocrelizumab 
or fingolimod. After starting therapy patients underwent the rebase-
line 3 T-MRI (T0, after 4 months after starting the drug) and follow-

up MRI after 24 months (T24) from T0. Clinical follow-up was per-
formed till the second MRI and extended forward for 1 year to record 
any further relapse and to confirm the EDSS value at T24. Image cre-
ated in https://​www.​biore​nder.​com

https://www.biorender.com
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an EDSS increase at T24 of ≥ 1.0 in patients with EDSS 
at T0 ≤ 5.5 or an increase of ≥ 0.5 when the EDSS at T0 
was > 5.5, sustained for at least 6 months after T24. Pro-
gression was defined as independent of relapse activity 
(PIRA) if there was a confirmed disability accumulation in 
the EDSS scale during 6 months free of relapses, whereas, 
it was defined as relapse-associated worsening (RAW) if 
occurred due to incomplete recovery after 6 months fol-
lowing a relapse [2]. Confirmed disability improvement 
was defined as a decrease of ≥ 1.0 points in the EDSS scale 
in patients with EDSS ≥ 2 and ≤ 5.5 or of ≥ 0.5 when the 
EDSS score was > 5.5, sustained for at least 6 months. Stable 
patients were identified as those not included in the previous 
categories.

No-evidence of disease activity (NEDA) was also evalu-
ated. In this study, NEDA was defined as a composite score 
obtained from three related measures of disease activity 
(NEDA-3): (i) no evidence of relapses; (ii) no confirmed 
disability progression defined previously; and (iii) no new 
or enlarging T2 lesions [13, 14]. In addition, since in the 
present study, we also looked at the number of CLs, we 
included the absence of any new CLs in the definition of 
NEDA-3 patients.

The local ethics committee approved the present study, 
and informed consent was obtained from all patients.

Image acquisition protocol at 3 T MRI

MRI sequences have been acquired by Philips Achieva 3 T 
MR Scanner (Philips Medical Systems, Best, The Nether-
lands). No software updating was carried out during the 
study period. The following images were acquired from 
each subject at T0 corresponding to re-baseline MRI (after 
4 months from treatment start) and after 24 months from 
the re-baseline MRI, T24: (1) 3D T1 weighted sequence 
(MP-RAGE) TR/TE = 8000/380  ms, TI = 2360  ms, flip 
angle = 8°, voxel dimension = 1 × 1 × 1  mm3, field of 
view (FOV) = 240 × 240 × 180 mm3; (2) 3D fluid attenu-
ated inversion recovery (FLAIR) TR/TE = 8000/288 ms, 
TI = 2356 ms, voxel dimension = 1 × 1 × 1 mm3; (3) 3D dou-
ble inversion recovery (DIR) TR/TE = 5500/275 ms, TI1/
TI2 = 450/2550 ms voxel dimension = 1 × 1 × 1 mm3.

MRI analysis

Focal lesions estimation

During the study, each MRI was evaluated by the neuro-
radiologist for MRI reports and by two neurologists, A.B. 
and M.C., both well-trained and experienced in MS, blinded 
to patients' information. The number of pre-existing cor-
tical lesions (CLs) and white-matter lesions (WMLs) and 
the number of new CLs and WMLs at T24, were assessed, 

respectively, on DIR and FLAIR images, following the rec-
ommendations for CL scoring in patients with MS [15]. 
Lesion numbers were described in classes for both types: 0–3 
lesions; 4–10 lesions; 10–20 lesions, more than 20 lesions 
[16]. WMLs were also segmented with the lesion prediction 
algorithm (LPA, SPM12) and filled on T1 with the Lesion 
Segmentation Tool (LST) [17, 18]. Total T2-lesion load 
(T2-LL) was determined on FLAIR for both cohorts. The 
presence/absence of spinal cord lesions was recorded using 
clinical and MRI reports given by the neuroradiologist.

Regional cortical thickness/volume evaluation

Regional cortical thickness and regional volume of deep 
GM nuclei at T0 and after 2 years were calculated using 
the longitudinal stream included in the Freesurfer image 
analysis suite (release v7.1.1), available online (http://​surfer.​
nmr.​mgh.​harva​rd.​edu/) on T1-weighted lesions filled. Free-
surfer QA tools were performed during each “recon” step. 
The weighted mean of the left and the right hemisphere, 
for each ROI of the Freesurfer parcellation (based on the 
Desikan–Killiany atlas), were considered for the analysis.

Grey matter volume change evaluation

The Freesurfer longitudinal pipeline also provides the rate of 
total GM volume. Once aligned with surface-based registra-
tion methods, T0 and T24 GM segmentation masks are used 
to calculate the rate of GM volume change as follows: GM 
volume (T24) − GM volume (T0)/GM volume (T0).

Statistical analysis

Statistical analyses of the demographic, clinical, and global 
MRI variables were performed in SPSS version 28 (Chicago, 
IL). All variables were checked for normality with the Kol-
mogorov–Smirnov test and histogram inspection. Variables 
were reported as mean and standard deviation (SD), median 
and interquartile range, or count and relative frequencies, 
accordingly.

Multivariate general linear model (GLM) analyses were 
performed to assess group differences (OCR vs FGL) in 
clinical and MRI variables, with sex and age entered as 
covariates. Bonferroni’s corrected values of p < 0.05 were 
considered statistically significant. Non-normal distributed 
or categorical variables were compared between the groups 
using Mann–Whitney tests or Pearson Chi-Square as indi-
cated. To assess within-group longitudinal changes, paired 
t tests or Wilcoxon Signed Ranks were used as appropriate. 
We computed Cohen’s d as the difference between the two 
groups’ mean divided by the adjusted standard deviation of 
the measurement. For the clinical outcomes of relapses and 

http://surfer.nmr.mgh.harvard.edu/
http://surfer.nmr.mgh.harvard.edu/
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EDSS change, Kaplan–Meier curves were used with time 
from the first administration of OCR and FGL as timescales.

Results

Study population

The main baseline demographic and clinical characteris-
tics of the patients who ended the FU are summarised in 
Table 1. The two groups, OCR and FGL, were well bal-
anced for demographics and focal MRI variables; however, 
certain differences in baseline characteristics identified OCR 
as those patients with a worst prognostic disease course: sig-
nificant higher proportion of male patients (32% vs 16% for 
FGL), higher EDSS score at baseline (median = 4.0 vs 2.25 
for FGL), higher annualised relapse rate before starting the 
therapy (mean = 0.48 vs 0.32 for FGL) and higher number of 
spinal cord lesions (mean = 1.42 vs 0.4 for FGL).

Effectiveness of OCR when compared with FGL

For clinical and focal MRI endpoints at the end of the study, 
see Table 2.

Annualized relapse rate

A total of 89% patients with OCR and 84% with FGL were 
free of relapses at 3-year FU, not significantly different in-
between the two cohorts. The decrease over time in propor-
tion of patients without clinical relapse before and after the 
therapy is shown respectively in Fig. 2A, B. Both treatments 
significantly reduced the ARR: at T36, mean ARR reduced 
from 0.48 to 0.04 in OCR (p < 0.001, d = 1.4), and from 
0.32 to 0.05 in FGL-group (p < 0.001, d = 0.91). In OCR 
all the relapses occurred in the first months of therapy (the 
median time before the first relapse was 14 [range 8.8–15.5] 
months), whereas in the FGL-group only 3% patients had 
relapses before T24 and the remanent 13% occurred after 

Table 1   Demographics and 
disease characteristics at 
baseline and 24 months before 
starting the drugs

Comparison in-between groups have been performed using t tests, Mann–Whitney test, chi-square or GLM 
with sex, age and disease duration as covariates and Bonferroni correction
yr years, no number, mo months, RR relapsing–remitting, SP secondary progressive, PP primary progres-
sive, OCB oligoclonal bands, EDSS expanded disability status scale, ARR​ annualized relapse-rate, WM 
white matter, CL cortical lesions
Data are reported as mean ± standard deviation except where otherwise reported
Significance is reported as following *p < 0.05; **p < 0.01; **p < 0.001
a (Median [IQR])
b Significance is reported relative to OCR group

Demographics and disease characteristics OCR (N = 57) FGLb (N = 38)

Male sex, no. (%) 16 (32%) 6 (16%)*
Age at onset, yr 30.2 ± 9.90 29.0 ± 9.1
Age at first MRI, yr 41.6 ± 9.9 39.5 ± 9.6
MS type at onset RR/SP/PP, N 57/0/00 38/0/0
Time since symptom onset, yr 10.8 ± 8.1 9.2 ± 6.7
Time since diagnosis, yr 8.5 ± 7.5 6.3 ± 5.4
Presence of OCB, N (%) 37 (65%) 24 (63.2%)
Disability 24 mo. before therapy and at T0
 EDSS 24 mo. before therapya 3.0 [2.0–4.7] 2.0 [1.5–3.0]*
 EDSS change 24 mo. before therapya 0.5[0.0–1.0] 0.0 [0.0–0.0]
 EDSS T0a 4.0 [3.0–5.7] 2.25 [1.5–3.0]***
 Disability progression 24 (42%) 4 (42%)**

Disease activity 24 mo. before therapy
 Patients with relapses, N (%) 51 (74%) 22 (58%)
 Number of relapses 0.96 ± 0.60 (0–2) 0.63 ± 0.59 (0–2)*
 ARR​ 0.48 ± 0.30 0.32 ± 0.29*

MRI characteristics at T0
 Number of spinal lesions 1.4 ± 1.8 (0–7) 0.4 ± 0.7 (0–3)**
 Number of WMLs (%)
  Classes < 4/4–10/10–20/ > 20 0/10/30/60 0/8/11/81

 Number of CLs (%)
  Classes < 4/4–10/10–20/ > 20 11/30/17/42 13/32/21/34
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the 2 years of therapy (the median before the first relapse 
was 33 [range 24.5–36] months).

Disability

At 2-year FU, 42 patients (74%) in OCR and 34 patients 
(89.5%) in FGL were free of disability worsening and the 
two patient groups did not show significant differences.

The OCR patients experienced significantly higher EDSS 
change before starting the therapy as compared to the 2 years 
after (median EDSS change 0.5 vs 0.0, p = 0.002, respec-
tively before and after 2 years of FU): OCR at T0 experi-
enced a significantly increased EDSS score as compared to 
2 years before [T-24] (3.0 vs 4.0, p < 0.001), whereas the 

EDSS did not change substantially between T0 and after 
2 years of follow-up [T24] (4.0 vs 4.5, p = 0.21).

At 2-year FU, 15 patients (26%) in OCR and 4 patients 
(10.5%) in FGL experienced disability worsening. In OCR-
group 12 out of 15 (80% of patients with progression), 
whereas in FGL-group 2 out of 4 (50% of patients with pro-
gression) experienced progression independent of relapse 
activity at 2-year FU (p value in between groups not signifi-
cant p = 0.10). Therefore only 3 out of 15 in OCR and 2 out 
of 4 in FGL experienced RAW (not significant in-between 
groups). The decrease over time of the proportion of patients 
without EDSS progression before and after starting the ther-
apy is shown respectively in Fig. 2C, D.

MRI focal lesions

At 2-year FU, 88% of OCR patients, 68% of FGL patients 
(p = 0.005) were free of MRI evidence of new or enlarging 
hyperintense lesions on T2-weighted images. In contrast, no 
differences in the percentage of patients free of new CLs was 
reported (82% vs. 79%, p = 0.64).

No‑evidence of disease activity 3 (NEDA3)

No statistically significant differences in EDA/NEDA at T36 
in-between groups were seen, with most patients remaining 
NEDA (58% in OCR, 58% in FGL).

Grey matter atrophy and regional cortical thickness

Global/regional atrophy data at T24-T0 are reported in 
Table 3 and Fig. 3. The global and regional cortical thick-
ness/volume at T0 in both groups are reported in Supple-
mentary Table 1.

Global volume changes

At T24 comparing RRMS patients treated with OCR and 
FGL the first group showed significantly less annualized 
deep grey matter volume loss (mean change − 0.12 vs 
− 0.66, p = 0.002, d = 0.54) annualized cortical thickness 
change (mean change − 0.45 vs − 0.70, p = 0.036, d = 0.42).

Regional volume changes

Among the 37 regions studied, OCR, compared to FGL 
showed less atrophy in all regions, among which those statis-
tically significant were the cingulate cortex (caudal anterior 
p < 0.001, d = 0.72; isthmus p = 0.046, d = 0.41), the frontal 
gyrus (caudal middle p = 0.004, d = 0.60; superior p = 0.010, 
d = 0.54; rostral middle p = 0.034, d = 0.47), the inferior pari-
etal (p = 0.003, d = 0.65) and superior parietal (p < 0.001, 
d = 0.71), and the insula (p = 0.021, d = 0.36). Among the 

Table 2   Clinical and MRI focal lesions end points at the end of fol-
low-up

Data are reported as mean ± standard deviation if not differently 
reported
Comparison in-between groups have been performed using t tests, 
Mann–Whitney test, chi-square or GLM with sex, age and disease 
duration as covariates and Bonferroni correction
yr years, no number, mo months, RR relapsing–remitting, SP second-
ary progressive, PP primary progressive, OCB oligoclonal bands, 
EDSS expanded disability status scale, ARR​ annualized relapse-rate, 
WM white matter, CL cortical lesions, NEDA no evidence of disease 
activity, EDA evidence of disease activity
Significance is reported as following *p < 0.05; **p < 0.01; 
**p < 0.001
a Data are reported as median [IQR]
b Significance is reported relative to OCR group

Clinical and MRI endpoints OCR (N = 57) FGLb (N = 38)

Relapses at T24 and T36
 Patients with relapses, N (%) 6 (11%) 6 (16%)
 ARR at T36 0.04 ± 0.10 0.05 ± 0.12
  ARR during T0–T24 0.05 ± 0.16 0.00 ± 0.00
  ARR during T24–T36 0.00 ± 0.00 0.16 ± 0.37***

Clinical disability at T24
 EDSS T24a 4.5 [2.0–6.0] 2.5 [1.4–3.0]***
 EDSS change 24 mo. after 

therapya
0.0[0.0–0.5] 0.0[0.0–0.0]

 Clinically stable at T24
  Patients with event, N (%) 35 (62%) 30 (79%)

 Disability progression at T24
  Patients with event, N (%) 15 (26%) 4 (10.5%)

 Disability improvement at T24
  Patients with event, N (%) 7 (12%) 4 (10.5%)

MRI characteristics at T24
 New WMLs T24 yes, N (%) 7 (12%) 12 (32%)*
 New CLs T24 yes/no, N (%) 10 (18%) 8 (21.1%)

NEDA at T24 and T36
 NEDA3/EDA3 T24 (%) 58/42% 63/37%
 NEDA3/EDA3 T36 (%) 58/42% 58/42%
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deep grey matter regions, the two groups differed for vol-
ume changes in the thalamus (p = 0.032, d = 0.31), putamen 
(p = 0.043, d = 0.35), cerebellar cortex (p = 0.005, d = 0.72) 
as well as cerebellar white matter (p = 0.014, d = 0.44).

Volume changes in patients without new focal lesions

The same analysis was performed also in the subgroup of 
patients without new focal inflammatory lesions (both WM 
and GM), 88% of OCR patients (N = 50) and 68% of FGL 
patients (N = 26). When compared with FGL, the OCR 
subgroup confirmed less atrophy in the following regions: 
the caudal anterior cingulate cortex (p < 0.001, d = 0.71), 
the caudal middle frontal gyrus (p = 0.005, d = 0.64), the 
superior frontal gyrus (p = 0.023, d = 0.54), the inferior pari-
etal gyrus (p = 0.047, d = 0.49) and superior parietal gyrus 
(p = 0.004, d = 0.71). In the deep grey matter only the puta-
men atrophy was significantly different (p = 0.038, d = 0.33) 
(see in Fig. 3C, bars with line pattern).

The new lesion accumulation correlated with the vol-
ume loss in cerebellum cortex (r = − 0.34, p < 0.001), thala-
mus (r = − 0.34, p < 0.001), nucleus caudate (r = − 0.54, 
p < 0.001) and the hippocampus (r = − 0.37, p < 0.001). No 

significant correlations were seen with cortical thinning or 
global volume loss.

Discussion

This is a single-centre effectiveness comparative study 
between ocrelizumab and another high-efficacy treatment 
(fingolimod) in a real-world setting for an FU of 3 years. We 
investigated common clinical variables but also conventional 
and non-conventional MRI outcomes: focal inflammatory 
WM lesions, cortical lesions, global and regional brain vol-
ume and cortical thickness changes. Our cohort consisted of 
a heterogeneous group of patients with a large variety in age 
and disease activity.

The annualized relapse rate decreased in OCR and FGL, 
in line with the relapse rate at the 2-year FU of the respective 
drug trials [3, 19]. However, we did not report significant 
differences between the two treatment groups for clinical 
relapses, disability worsening, and percentage of patients 
reaching NEDA-3 at the end of follow-up. These results 
slightly differed from those in the previous studies, show-
ing the superiority of anti-CD20 drugs in preventing relapses 

Fig. 2   Plots depicting the relapses and EDSS outcomes for the two 
cohorts Kaplan–Meier curve for the fingolimod and ocrelizumab 
groups A for time until clinical relapses the previous 2 years before 

starting treatment, B for time until clinical relapses within the first 
3  years after treatment. C EDSS progression in the 2 years before 
starting the treatment and D after starting the drug
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Table 3   Regional/global cortical thickness change and deep grey matter volume loss, T24–T0

Data are reported as mean ± standard deviation of % changes; only significant changes are reported in the table
Comparison in-between groups have been performed GLM with sex, age and disease duration as covariates and Bonferroni’s correction. The 
effect size is reported as Cohen’s d obtained as the difference of the means divided by the standard deviation of the data

Brain regions OCR (N = 57) FTY (N = 38) p value Cohen’s d

Global volume/thickness change (%)
Cortical thickness − 0.80 ± 0.96 − 1.24 ± 0.98 0.019 0.47
Cortical thickness (annualized) − 0.45 ± 0.61 − 0.70 ± 0.60 0.036 0.42
Deep grey matter volume − 0.25 ± 1.41 − 1.30 ± 1.66  < 0.001 0.71
Deep grey matter volume (annualized) − 0.12 ± 0.80 − 0.66 ± 0.89 0.002 0.54

Regional cortical thickness changes (%)
Superior parietal − 0.35 ± 2.57 − 1.78 ± 1.96  < 0.001 0.71
Inferior parietal − 0.32 ± 1.91 − 1.47 ± 1.79 0.003 0.65
Caudal middle frontal − 0.51 ± 2.64 − 1.91 ± 2.66 0.004 0.60
Superior frontal − 0.23 ± 2.36 − 1.40 ± 1.83 0.010 0.54
Rostral middle frontal − 0.70 ± 2.70 − 1.95 ± 2.12 0.034 0.47
Caudal anterior cingulate − 0.23 ± 3.01 − 1.84 ± 1.93  < 0.001 0.72
Isthmus cingulate − 0.78 ± 2.63 − 1.61 ± 2.10 0.046 0.41
Insula − 0.40 ± 2.00 − 0.94 ± 1.63 0.021 0.36

Regional deep-grey matter volume changes (%)
Cerebellar cortex − 0.20 ± 2.40 − 1.78 ± 3.34 0.005 0.72
Cerebellum white matter − 0.44 ± 3.16 − 1.65 ± 4.08 0.014 0.44
Thalamus − 0.99 ± 2.44 − 1.78 ± 2.70 0.032 0.31
Putamen − 0.41 ± 1.85 − 1.24 ± 2.45 0.043 0.35

Fig. 3   Global and regional 
thickness-volume changes. 
Mean cortical thickness and 
deep grey matter volume 
changes are depicted in (A), 
whereas the mean annualized 
changes are depicted in (B). In 
C the mean regional volume-
thickness changes. The bars 
filled with line patterns refer to 
the brain regions which result 
significantly different also in 
the groups without new WM 
lesions during the follow-up. 
Significance is reported as fol-
lowing *p < 0.05; **p < 0.01; 
**p < 0.001
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[20, 21]. However, this might be due partly to the prog-
nostically worse baseline characteristics of OCR patients 
as compared to FGL: higher EDSS score (median EDSS at 
baseline OCR 4.0 vs FGL 2.25), a higher proportion of male 
patients, but also a greater involvement of the spinal cord. 
Interestingly, in the OCR group, the relapses occurred early 
during the FU, whereas in the fingolimod, they occurred 
later in the observational period. This difference might be 
due to a faster lymphocyte redistribution in patients with 
fingolimod than those with ocrelizumab. Therefore, the OCR 
group might have a higher risk of early relapse, especially if 
patients at baseline showed high disease disability. Indeed, 
in a recent study, the authors showed that patients with OCR 
with baseline EDSS ≥ 4 (the case of our OCR cohort) had a 
higher risk of disability worsening and lower NEDA-3 rates 
at 2-year FU [22].

Although, in line with the literature, OCR showed a 
greater reduction of overt inflammatory disease activity in 
terms of MRI focal WM lesions (at 2-year FU, 88% OCR vs 
68% FGL) [20, 21] but not a statistically different accrual of 
new CLs. It is known that patients have very few new visible 
CLs in 2 years of FU and under high-efficacy treatment and, 
therefore, not enough for a meaningful statistical difference.

Nowadays, it is clear that, in estimating the drug efficacy, 
we should assess, besides the reduction of inflammatory 
activity and clinical outcomes, the prevention of neurode-
generative phenomena, which are difficult to evaluate clini-
cally, but can be estimated in vivo by measures of global and 
regional atrophy on MRI. Our study showed a superiority of 
ocrelizumab to fingolimod in slowing down brain atrophy 
globally and in specific key regions.

The brain regions which seem to be more influenced by 
the medication were those which are also, the most affected 
by the disease: in the cortex, the parietal gyrus, the frontal 
gyrus, the cingulate cortex and the insula, whereas in the 
deep grey matter, mainly cerebellum, putamen and thala-
mus. Pathology studies demonstrated that these regions are 
the predominant sites of grey matter and, to a lesser extent, 
of white matter demyelination and the brain areas with the 
highest presence of cortical lesions. In particular, among 
all the regions, the cingulate gyrus seemed to have the most 
prominent grey and white matter demyelination [23], which 
might lead to the atrophy seen by MRI.

Neurodegeneration in MS might be initially triggered by 
inflammation and afterwards self-maintained by the persis-
tent compartmentalised inflammation, especially if there is 
limited drug access to the neuronal compartment after the 
blood–brain barrier integrity is restored. Moreover, differ-
ent studies showed the key role of B-cell immunity in the 
biological mechanisms underlying cortical pathology [24]. 
Therefore, ocrelizumab, targeting the CD20 marker on B 
lymphocytes and restraining the immune cell circulation 
from blood to the CNS, might play a crucial role in limiting 

the establishment of intrathecal inflammation and, conse-
quently, neurodegeneration processes. This effect might have 
its best expression when the drug is administered from the 
earliest phases of the disease.

Moreover, the cingulate cortex and insula have, also, 
extensive connections with other regions and the putamen 
receives significant inputs from the motor cortex. There-
fore, possible additional factors for their early atrophy can 
include disconnection secondary to white matter lesions. 
Consequently, ocrelizumab, suppressing the accrual of new 
WM lesions, might limit retrograde neurodegeneration.

In addition, the inflammatory demyelination may also 
result from activation of innate inflammatory cells (particu-
larly microglia) within established focal WM lesions and 
normal-appearing tissues. These lesions, termed “chronic 
active,” also reflect a compartmentalized chronic inflamma-
tion that has been suggested to contribute to MS severity and 
progression. The accumulation of chronic active lesions may 
represent one of the contributors to disability independent 
of relapses (i.e. PIRA). Ocrelizumab reducing the chronic 
activity in pre-existing lesions [25] might also limit the 
ongoing demyelination in normal-appearing tissues; how-
ever, until now; this role has been shown to be the modest; 
this could explain why in our study the effect of the OCR on 
disability progression was less clear than that on the disease 
activity and why the disability progression in the majority 
of patients was relapse-independent.

Recently, the crucial role of the CSF cytokines in MS and 
its relationship with cortical pathology is also emerging [26]. 
A strong association has been observed between high lev-
els of CSF chemokines related to lymphoid neogenesis and 
B-cells with cortical damage accumulation over 4 years [27]. 
This potential role might be fundamental especially in those 
regions, such as the thalamus and cerebellum, in anatomical 
proximity to CSF and whose atrophy has been correlated 
with CSF inflammatory profile [28]. Ocrelizumab, limiting 
the B-cell driven intrathecal inflammation, indirectly might 
reduce proinflammatory cytokines in the CSF, slowing the 
worsening of cortical pathology and, therefore the long-term 
disability accumulation.

We also looked at the atrophy differences in patients 
without radiological signs of disease activity (without new 
WMLs and CLs) to exclude the effect of lesion accumulation 
on brain volume change.

As expected, we found a correlation between the lesion 
accumulation and the volume loss in several GM regions. 
This confirms that the neuroprotective effect of treatment 
is mainly driven by the lower anterograde/retrograde GM 
degeneration consequent to the focal lesions. The regions 
showing significant volume loss differences between sub-
groups are less than the comparisons considering the entire 
group, suggesting still an important and well-known role 
of the drug on the acute inflammatory component of the 



2157Journal of Neurology (2024) 271:2149–2158	

disease. However, despite excluding patients with acute 
disease activity, the OCR group still showed lower cortical 
and deep GM volume loss in several cortical and deep GM 
regions, including the anterior cingulate and the putamen. 
This result seems to suggest that the neuroprotective effect 
of OCR might be at least partly independent of the focal 
inflammation and that the treatment might be active also on 
the smoldering component of MS.

From a clinical point of view, the regions in this study 
particularly affected by the treatment are also those which 
correlate with cognitive impairment in MS [29]. Indeed, 
recent studies [30, 31], by evaluating pooled data from 
approval trials, showed the positive effects of ocrelizumab 
on cognitive functions. Therefore, ocrelizumab may exert 
beneficial effects not only by suppressing inflammatory 
activity in terms of reducing cognitive relapses, but also 
possibly limiting the neurodegenerative processes independ-
ent of overt inflammation [32].

This study has several limitations, including the relatively 
short follow-up and the consequent difficulty in measuring 
the brain volume changes; we can’t exclude the presence 
of “pseudoatrophy”, however, using a rebaseline MRI we 
limited this problem, however it might be necessary a longer 
follow-up to adequately evaluate this effect.

In conclusion, the limitation of persistent compartmen-
talised inflammation, the interference with the activation of 
innate inflammation in pre-existing lesions and the reduction 
of retrograde neurodegeneration might be the main underly-
ing mechanisms of the efficiency of ocrelizumab on neuro-
degenerative processes, shown indirectly as a diminished 
volume loss compared to another drug.
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