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Summary

Multiple sclerosis (MS) is a chronic inflammatory, demyelinating, and neurodegenerative disease affecting the central nervous
system, often characterized by the accumulation of irreversible clinical disability over time. In recent years, there has been
a dramatic evolution in several key concepts of MS treatment. The demonstration of the effects of ocrelizumab, a selective
monoclonal antibody against CD20% B cells, has significantly modified our knowledge of the immune-pathophysiology of
MS and has provided a new therapeutic target for relapsing and progressive MS patients. Emerging findings suggest that,
besides its strong anti-inflammatory activity, ocrelizumab may limit disability progression and may exert beneficial effects
on cognitive function, fatigue, and quality of life of MS patients. The significant reductions of the rate of global and regional
brain atrophy and of serum neurofilament light chain levels, which were found to be partially independent of overt inflam-
matory activity, suggest that this treatment may also limit neuro-axonal damage. By discussing the most recent evidence
regarding the effects of ocrelizumab on clinical measures as well as on magnetic resonance imaging and fluid biomarkers,
this review summarizes current knowledge on the possible mechanisms underlying the effects of ocrelizumab in limiting
MS progression and neurodegeneration.
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Introduction

Multiple sclerosis (MS) is a chronic, inflammatory, demyeli-
nating, and neurodegenerative disease affecting the central
nervous system (CNS), often leading to the accumulation of
irreversible clinical disability [1].
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During recent years, there has been a dramatic evolution
in several key concepts of MS treatment. The demonstration
of the strong effects of ocrelizumab, a selective monoclonal
antibody against CD20* B cells, has provided a new thera-
peutic avenue for relapsing and progressive MS patients [2,
3]. The positive results from randomized controlled trials
(RCTs) and observational studies with anti-CD20 therapies
also improved understanding of MS pathophysiology, since
they confirmed the evidence coming from experimental
studies suggesting that B cells, typically involved in adap-
tive humoral immunity, are also critical for MS pathogenesis
[4,5].

Moreover, it is now clear that the reduction of overt
inflammatory disease activity (i.e., clinical relapses, gad-
olinium-enhancing and new T2-hyperintense magnetic
resonance imaging [MRI] lesions) should be combined
with the prevention of chronic inflammation and neurode-
generative phenomena such as neuro-axonal damage that
are likely to represent the main contributors to disability
progression [6]. Furthermore, recent evidence challenges
the dichotomy between relapsing and progressive dis-
ease courses, suggesting a continuum of the disease with
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an underlying progressive course and a highly variable
superimposed accumulation of disability, resulting from
relapses with incomplete recovery [7].

In this view, emerging findings suggest that besides the
strong anti-inflammatory activity, ocrelizumab may con-
tribute to limiting disability progression and may exert
beneficial effects on cognitive function, fatigue, and qual-
ity of life of MS patients.

The use of MRI measures developed for the estimation
of neurodegeneration (i.e., global and regional atrophy)
and the quantification of serum neurofilament light chain
(sNFL) levels have suggested that ocrelizumab promotes
the reduction of both inflammation and the progression
of neurodegeneration. By discussing the most recent evi-
dence regarding the effects of ocrelizumab on clinical
measures as well as on MRI and fluid biomarkers, this
review summarizes current knowledge about the possible
mechanisms underlying the effects of ocrelizumab in limit-
ing MS worsening and neurodegeneration.

Mechanisms of Action

Ocrelizumab, a humanized monoclonal antibody, was
approved by the Food and Drug Administration (FDA)
in March 2017 and by the European Medicines Agency
(EMA) in January 2018 at a dose of 600 mg i.v. twice
per year, for the treatment of relapsing (R) and primary
progressive (PP) MS patients.

Ocrelizumab selectively targets the extracellular loop of
CD20-expressing B cells, causing antibody-dependent cell
lysis. In particular, the mechanisms involved in apoptotic
B-cell depletion are antibody-dependent cellular phago-
cytosis, antibody-dependent cellular cytotoxicity, and
complement-dependent cytotoxicity [8].

The infusion of ocrelizumab promotes a depletion of
CD20* B cells within hours, mainly occurring in the liver
[9]. This depletion reaches its nadir typically after 8 weeks
and can be sustained for several weeks or months.

In RCTs of ocrelizumab in MS, the median time to B-
cell repletion (i.e., returning to baseline or lower limit of
normal [LLN]) is 72 weeks (range 27-175 weeks) after
treatment [10]. In 90% of patients, B-cell repletion was
within approximately 2.5 years (120 weeks) after the last
infusion [10].

Disability Progression and Improvement
In MS, disability progression is usually measured using

the Expanded Disability Status Scale (EDSS) [11], where
confirmed disability progression (CDP) is defined as an

increase in EDSS score confirmed at 12 or 24 weeks or
later time points [12, 13]. Assessing composite confirmed
disability accumulation (composite CDA), which evalu-
ates worsening of EDSS, the 9-hole peg test (9-HPT)
and timed 25-foot walk test (T25FWT) for the upper and
lower extremity functions, respectively, better capture
aspects of disease progression potentially missed with
the EDSS, improving the sensitivity in detecting subtle
progression [14—19]. In detail, composite CDA is defined
as worsening of disability from baseline, evaluated with
EDSS (increase > 1.5 when baseline EDSS score was 0;
increase > 1.0 when baseline EDSS score was <5.5; or
increase > 0.5, when baseline EDSS score was > 6.0),
or >20% worsening in T25FW or in 9-HPT that was con-
firmed after 12 or 24 weeks [7].

In addition to its role in reducing overt inflammation
(see [20] for a comprehensive review), compared to inter-
feron beta la (IFN B-1a), recent evidence suggests that
ocrelizumab may prevent disability accumulation in RMS
[2, 7]. Of note, this was also observed in PPMS patients
being treated with ocrelizumab compared to placebo [3,
21].

In two identical Phase III RCTs conducted in RMS
(OPERA I, NCT01247324; OPERA II, NCT01412333),
ocrelizumab showed a reduction in the prevalence of
12-week CDP (by 43% and 37%, respectively, p <0.05)
compared with IFN B-1a [2]. In the 7.5-year OPERA I/II
follow-up open-label extension (OLE) interim analysis, the
risk of 48-week CDP and of requiring a walking aid were
23% and 35% lower in patients who initiated ocrelizumab
earlier vs those initially receiving IFN p-la (14.5% vs
16.4% HR =0.77 [95% confidence interval, CI 0.60-0.98];
p=0.034;5.2% vs 7.0%; HR =0.65 [95% CI1=0.44-0.97];
p=0.034, respectively) (Table 1, Fig. 1) [22].

In the phase IIT ORATORIO (NCT01412333) RCT in
PPMS, compared with placebo ocrelizumab was associ-
ated with a significant reduction of 12-week CDP (32.9%
vs 39.3%, 24% decrease, p =0.03) (the primary endpoint
of the study), confirmed with the 24-week CDP (29.6%
vs 35.7%, 25% reduction, p=0.04) [3]. The prevalence of
worsening on T25FWT was also significantly decreased
with ocrelizumab (38.9% vs 55.1%, 29% decrease,
p=0.04). An interim report from ORATORIO OLE has
shown consistent and sustained treatment-associated ben-
efit in multiple measures of CDP over a period of 8 years
[23]. Both the risks of the first 48-week CDP EDSS
and 48-week CDP-9HPT were reduced, respectively,
by 29% and 34% in patients who started ocrelizumab
earlier vs those initially receiving placebo (HR=0.71
[95% CI=0.57-0.87]; p=0.001; HR=0.66 [95%
CI=0.50-0.86]; p=0.002) (Table 1, Fig. 1). Although
these were promising findings, in a pre-specified subgroup
analysis, the magnitude of the effect of ocrelizumab was
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A. Disability progression

D. Global and regional brain atrophy

Fig.1 Schematic representation of the different outcomes support-
ing the beneficial effects of ocrelizumab beyond its anti-inflammatory
activity. Ocrelizumab has been found to: A limit disability progres-
sion; B promote disability improvement; C prevent cognitive dete-
rioration and improve fatigue and multiple sclerosis patients’ quality

larger in younger patients and in those with gadolinium
(Gd)-enhancing lesions at baseline compared to older
patients and those without disease activity [3]. The rela-
tively young mean age and short disease duration, together
with a substantial proportion of PPMS patients with dis-
ease activity present, may explain, at least partially, the
significantly lower rate of disability progression in PPMS
treated with ocrelizumab compared to placebo, which may

F. Serum neurofilament light chain

N

—

of life (QoL); D limit the accumulation of global and regional brain
atrophy; E limit the occurrence of chronic active lesions and the
accumulation of their microstructural abnormalities; F reduce the
serum level of neurofilament light chain. See text for further details.
Created with BioRender.com

be mainly secondary to the strong anti-inflammatory effect
of this drug [3, 24].

There is growing evidence suggesting that disability
worsening in MS may occur not only as a consequence of
relapse-associated worsening (RAW), due to the occur-
rence of overt inflammatory activity, but also as progres-
sion independent of relapse activity (PIRA), this latter
also being termed “silent progression” [7, 25, 26]. Using
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the same criteria proposed for CDA, PIRA was defined as
worsening in EDSS, T25FWT, or 9-HPT, but independent
of clinical relapses [7].

Disability worsening because of incomplete recovery
following relapse was previously defined as the onset of
confirmed worsening by 1.0 point or more in EDSS score
within 180 days of a relapse [27]. Another definition of
RAW is CDA events in which the initial increase of dis-
ability is preceded by any protocol-defined relapse in the
last 90 days [7]. By evaluating pooled data from OPERA
I/IT (n=1656) [7], ocrelizumab proved to be superior to
IFN p-1a in preventing composite CDA as well as both
RAW and PIRA. It is noteworthy that PIRA events were
the main contributors to both 12-week and 24-week com-
posite CDA after 96 weeks in patients treated with IFN
B-1a (174/223 [78%] and 137/179 [81%]) and ocreli-
zumab (147/167 [88%] and 115/129 [89%]). Conversely,
only a minority of MS patients had composite 12-week
CDA explained by RAW events (93/239 [38.9%] in IFN
B-1a and 43/145 [29.7%] in ocrelizumab). Very few MS
patients experienced both RAW and PIRA events (17/390
[4.4%] for 12-week and 15/299 [5.0%] for 24-week
composite CDA). Ocrelizumab vs IFN f-1a was associ-
ated with reduced risk of composite CDA (hazard ratio
[HR]=0.67, [95% CI=0.55-0.82]; p <0.001), confirmed
PIRA (HR=0.78 [95% CI=0.63-0.98]; p=0.03), and
RAW (HR=0.47 [95% CI=0.29-0.78]; p=0.003) events.
Similar trends were observed across the individual com-
ponents (EDSS, T25FWT, and 9-HPT) of the composite
for PIRA and RAW. The association of ocrelizumab with
reduced disability accumulation was also evident in the
subgroup of patients defined by a higher risk of second-
ary progressive MS (EDSS >4 and pyramidal functional
system score > 2) [13], with a more pronounced reduction
in the risk of 12-week and 24-week composite PIRA in
this specific subpopulation [24].

Although slowing disability accumulation is a major
objective in MS care, there is also growing interest in assess-
ing confirmed disability improvement (CDI). This outcome
has been introduced to support the beneficial effects of
highly effective treatments for MS not only in reducing the
occurrence of disease activity and disability progression but
also in promoting recovery from disability possibly due to the
enhancement of plasticity and repair mechanisms. CDI has
been defined as an EDSS score decrease > 1.0 in patients
with a baseline score > 2.0, confirmed after 12 or 24 weeks
[28, 29].

Interestingly, in the pooled analysis of OPERA I/Il RCTs,
the proportion of patients with 12-week CDI, defined as an
EDSS decrease confirmed at 12 weeks, was higher with
ocrelizumab compared with IFN B-1a, although this was
significant in the OPERA 1 (20.0% vs 12.4%, 61% differ-
ence, p=0.01) but not in the OPERA 1I (21.4% vs 18.8%,
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14% difference, p=0.40) [2]. Moreover, the proportion of
patients with 24-week CDI in patients with a baseline EDSS
score of >2.0 was significantly higher in patients receiv-
ing continuous ocrelizumab compared with those switching
from IFN B-1a to ocrelizumab (25.8% vs 20.6%; p=0.046)
[71.

Cognition, Fatigue, and Quality of Life

Although refinements to the clinical definition of progres-
sion have been proposed, a comprehensive assessment of
MS patients, which also takes into consideration cognition
and patient reported outcomes (e.g., evaluation of quality of
life, fatigue), has recently been introduced [30].

Cognition

Cognitive impairment affects up to 70% of MS patients and
can typically involve several cognitive domains, including
information processing speed, executive function, and mem-
ory, whereas verbal fluency and visuospatial abilities are less
frequently affected [31, 32].

Cognitive dysfunction occurs in all MS clinical pheno-
types, from the earliest phases of the disease, becoming
more prevalent and severe in patients with the progressive
clinical phenotypes. Such impairment has an important
impact on MS patients, families, and society, due to its det-
rimental effects on quality of life, employment, and engage-
ment in social activities [31, 32].

Although little attention has been given to the influence of
disease-modifying therapies (DMTs) on cognitive functions,
there is emerging evidence from RCTs and observational
studies for the beneficial effects of DMTs on cognitive func-
tions in MS patients [33].

By evaluating pooled data from OPERA I and OPERA
II, three recent studies showed the positive effects of ocreli-
zumab on cognitive functions [31, 34, 35]. Over 96 weeks,
the ocrelizumab group (n=766) showed a significantly
reduced risk of 12-week (HR=0.62 [95% CI=0.48-0.79];
p<0.001) and 24-week (HR =0.61 [95% CI=0.45-0.84];
p=0.002) confirmed symbol digit modalities test (SDMT)
worsening of >4 points compared to IFN p-la group
(n="749) [35]. By evaluating only RMS patients at increased
risk of progressive disease (i.e., with EDSS score >4 and
pyramidal functional system score > 2), ocrelizumab- vs IFN
[-1a-treated patients showed a significantly greater improve-
ment at SDMT (n=180) (ocrelizumab group: n=186;
IFN f-1a group: n=180; mean [SE] score improvement
at SDMT=6.2 [1.2] vs 2.6 [1.2]; p=0.023) [34]. Interest-
ingly, these findings were also confirmed in the sub-groups
of RMS patients showing moderate SDMT impairment (i.e.,
scores > 2 standard deviations below norms) at baseline
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(ocrelizumab group: n=116; IFN p-1a group: n=107;
mean [SE] SDMT score improvement from baseline=10.5
[1.4] vs 6.0 [1.4]; p=0.011) [34] (Table 1, Fig. 1). These
results support the hypothesis that the beneficial effects of
ocrelizumab may also occur in MS patients with cognitive
deficits who are also more likely to have a more severe dis-
ease course.

Another study on the same populations evaluated the
effects of ocrelizumab in preventing cognitive decline due
to RAW or PIRA [31]. RAW-SDMT events were defined
as confirmed SDMT worsening occurring <90 days
after onset of a relapse. SDMT scores were then “re-
baselined” > 30 days after each relapse, and PIRA-SDMT
events were defined as confirmed SDMT worsening that
occurred independent of relapse activity. Interestingly,
24-week confirmed SDMT worsening (> 4-point reduc-
tion) was almost exclusively related to PIRA, with SMDT
worsening occurring in 7.0% vs 11.3% of ocrelizumab-
and IFN p-1la-treated patients, respectively. Conversely,
SDMT worsening secondary to RAW was experienced
by only a minority (0.3%) of all RMS patients [31]. Fur-
thermore, compared with IFN p-1a, ocrelizumab reduced
the risk of 24-week confirmed SDMT worsening inde-
pendent of disease activity (i.e., PIRA) (HR=0.58 [95%
CI 0.39=0.86]; p=0.006), whereas no difference in
24-week confirmed SDMT due to relapses (i.e., RAW)
was found between the two treatment groups [31]. These
findings suggest that ocrelizumab may exert beneficial
effects not only suppressing inflammatory activity, in
terms of reducing cognitive relapses [36], but also possi-
bly limiting the neurodegenerative processes independent
of overt inflammation. Although no definitive data on
cognition have been published in progressive MS patients,
the 1-year interim analysis of the CONSONANCE RCT,
which evaluated 629 patients (325 SPMS; 304 PPMS),
suggested a possible beneficial effect of ocrelizumab in
improving or at least stabilizing cognitive function in pro-
gressive MS [37]. However, a longer follow-up is needed
to confirm these preliminary findings.

Fatigue and Quality of Life

Up to 80% of MS patients experience symptoms of fatigue,
either persistently or sporadically [38].

In addition to the standard clinical outcome measures
used to evaluate the efficacy of ocrelizumab, phase III
RCTs included patient-reported outcome (PRO) measures
to evaluate more comprehensively the effects of DMTs on
fatigue, participants’ subjective experience of health status,
and overall quality of life. In the OPERA I, OPERA II, and
ORATORIO RCTs, the Medical Outcomes Study Short
Form-36 (SF-36) [39], a generic health-related quality of life
(HRQOL) questionnaire, was administered to the patients.

The Physical Component Summary (PCS) of the SF-36 was
selected as the secondary outcome measure.

In OPERA I, the mean change in SF-36 PCS in the ocre-
lizumab-treated participants did not differ from the mean
change in the IFN p-la-treated group at 96 weeks (mean
change =0.04 [-0.86 to 0.93] vs —0.66 [—1.59 to 0.28],
p=0.22). Conversely, in the OPERA II RCT, the adjusted
mean change was higher in the ocrelizaumab than IFN f-1a-
treated group at the end of the 96-week trial (adjusted mean
change =0.33 [-0.55 to 1.20] vs —0.83 [—-1.76 to 0.09],
p=0.04) [2]. There was no difference in the adjusted mean
change in SF-36 PCS between ocrelizumab and placebo
groups in the ORATORIO trial at 120 weeks (adjusted
mean change = —0.7 with ocrelizumab and —1.1 with pla-
cebo, p=0.60) (Table 1, Fig. 1) [3]. The use of a single sum-
mary score did not allow a detailed analysis of the effects
of ocrelizumab on specific HRQOL domains that may be
of particular interest to individuals with neurological dis-
eases. To address this topic, a recent study investigated the
impact of ocrelizamab on HRQOL in individuals with MS
using both SF-36 and Neuro-QoL and detected improve-
ments in fatigue and anxiety after 12 months of ocrelizumab
treatment [40]. Interestingly, most of the observed changes
were on the mental rather than the physical components of
HRQOL, suggesting that improvements may not have been
due to a reduction in physical disability alone.

The association of work productivity with ocrelizumab
therapy should also be taken into consideration when choos-
ing therapy for patients, particularly since the majority of
patients with MS are young adults of working age [41].
In a recent study, ocrelizumab-treated patients were more
likely to be employed and experience less impact on work
productivity than patients treated with oral (teriflunomide,
fingolimod, or dimethyl fumarate) or injectable (IFN f-1a,
IFEN -1b, glatiramer acetate, or pegylated IFN f-1a) thera-
pies [41].

Fluid and MRI Biomarkers
Neurofilaments

Neurofilaments (NfL) are abundant cytoskeletal compo-
nents that are exclusively expressed in neurons. Patho-
logical processes associated with neuro-axonal damage
such as inflammation, demyelination, and neurodegen-
eration lead to an increased permeability or disruption of
the neuro-axonal membrane with a subsequent release of
neurofilaments into the interstitial fluid and eventually
into the cerebrospinal fluid and blood.

NfL levels are associated with measures of disabil-
ity progression and accumulation of irreversible brain
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damage at MRI in MS [42]. Accordingly, NfL level quan-
tification in the cerebrospinal fluid (CSF) or in the blood
has been suggested as a feasible and reliable biomarker
for monitoring the effects of DMTs [42, 43].

In the Ocrelizumab Biomarker Outcome Evalua-
tion study (OBOE; NCT02688985), 1-year analysis
demonstrated a significant reduction of serum (s) NfL
(-=13.1%,—-18.6%, and —30.8%) and CSF NfL levels
(=24.5%,—-40.0%, and —54.7%) in ocrelizumab-treated
RMS patients at weeks 12, 24, and 52, suggesting a pro-
gressive and sustained reduction in axonal injury with
this treatment [44].

When evaluating OPERA I/II (n=1421) and ORA-
TORIO (n=596) RCTs, significant reductions in sNfL
were observed 12 weeks after ocrelizumab initiation,
compared with IFN B-1a (RMS, geometric mean ratio
[GMR] =0.80) or placebo (PPMS, GMR =0.89) and
sustained through to the end of controlled treatment
(RMS, [96 weeks], GMR =0.56, PPMS [120 weeks],
GMR =0.81, all p<0.0001) [45] (Table 1, Fig. 1).

Interestingly, ocrelizumab significantly reduced sNfL.
levels independent of the presence of baseline clinical
or MRI disease activity. By stratifying patients with or
without disease activity at baseline (i.e., for RMS: pres-
ence of Gd-enhancing lesions on baseline MRI and/or
relapse in prior 3 months for RMS; for PPMS: presence of
Gd-enhancing lesions on baseline MRI), the age-adjusted
sNfL levels after 96 weeks of ocrelizumab in treated RMS
patients approached those of a cohort of healthy controls
in the two sub-groups with or without baseline disease
activity (geometric mean =4.4 [4.2-4.6] pg/ml and 4.1
[4.0-4.3] pg/ml, respectively) [45]. Similarly, geomet-
ric mean sNfL levels after 120 weeks were significantly
reduced from baseline (p < 0.005) both in ocrelizumab-
treated PPMS patients with or without Gd-enhancing
lesions at baseline MRI (geometric mean=4.6 [4.1-5.1]
pg/ml and 4.2 [4.2-4.4] pg/ml, respectively), although
they remained elevated compared with healthy controls
(»<0.001) [45].

Of note, in the ORATORIO analysis, a tenfold increase
in baseline sNfL in the control group was associated
with increased risk of progression on 9-HPT (HR =2.33,
p=0.036) and T25FWT (HR =5.35, p=0.003) [46].

The demonstration that ocrelizumab significantly
decreased sNfL, which was independent of overt inflam-
matory activity, suggests that this treatment may also
limit neuro-axonal damage.

Global and Regional Atrophy
Brain atrophy can be observed from the earliest phases of

MS and is one of the main predictors of physical and cogni-
tive disability [47, 48]. Reducing the rate of brain atrophy

@ Springer

has been incorporated as an endpoint in several recent clini-
cal trials in MS [49-51].

By evaluating the data from RCTs in RMS patients, sig-
nificant differences in the percentage brain volume change
(PBVC) (SIENA software) from week 24 to week 96 between
the ocrelizumab- and the IFN f-1a group were observed in
the OPERA I (PBVC= —0.57% vs —0.74%, 22.8% differ-
ence, p=0.004), but not in the OPERA II (PBVC = —0.64%
vs —0.75%, 14.9% difference, p =0.09) [2].

In the 3-year follow-up OLE, RMS patients continuing
ocrelizumab exhibited lower 5-year brain atrophy com-
pared with those switching from IFN f-1a (PBVC= —1.87%
vs —2.15%; p<0.01), suggesting a role for ocrelizumab in
limiting neurodegeneration if treatment is started early [52].

Similarly, in the ORATORIO trial, the rate of brain
atrophy was significantly lower in PPMS patients treated
with ocrelizumab vs placebo from week 24 to week 120
(PBVC = -0.90 vs—1.09, p=0.02) [3]. However, in the
OLE, rates of whole brain (adjusted PBVC= -3.1%
vs —3.4%; p=0.13) and cortical atrophy (adjusted Jacobian
rate= —2.5% vs —2.6; p=0.38) were not significantly dif-
ferent between the two groups from baseline to week 144
[21] (Table 1, Fig. 1).

The switch to ocrelizumab in the placebo cohort, the
reduced frequency of MRI scans in the OLE phase, and the
relatively small brain volume changes over the extended
period may have contributed, at least partially, to the lack of
significant differences between PPMS starting ocrelizumab
early compared to those initially receiving placebo. Further
studies performed in larger cohorts of patients are needed to
confirm the efficacy of ocrelizumab in limiting brain atrophy.

Recent studies have evaluated the effects of ocrelizaumab
in specific CNS structures, such as the thalamus. The thala-
mus is a central hub highly connected with several brain
regions, having a key role in locomotor and cognitive func-
tions. Thalamic atrophy occurs early in the disease, has been
suggested as a sensitive marker of overall brain damage, and
is associated with disability progression [30, 53, 54].

By evaluating the pooled data from OPERA I/II
(n=1421), a significantly lower thalamic atrophy from
baseline to week 96 was found in RMS patients treated with
ocrelizamab compared to IFN p-1a independent of sSNfL lev-
els (low sNfL level [< 10.6 pg/ml]: ocrelizumab = —0.94%;
IFN p-la= —2.05%; high sNfL level [>10.6 pg/ml]: ocre-
lizumab = —2.03%; IFN p-la= —3.68%; p <0.005 for all
comparisons) [55]. There were similar findings for PPMS
patients in the ORATORIO RCT (n=596), where thalamic
atrophy was significantly lower from baseline to week
120 in PPMS patients treated with ocrelizumab compared
to placebo independent of sNfL levels (low sNfL level
[<10.3 pg/ml]: ocrelizumab= —1.12%; placebo= —1.46%;
high sNfL level [>10.3 pg/ml]: ocrelizumab = —1.95%; pla-
cebo= —3.10%%; p < 0.005 for all comparisons) [55].
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In the OLE OPERA I and OPERA II pooled analysis,
patients continuing ocrelizumab experienced less thalamic
atrophy vs those initiating ocrelizumab later. Thalamic
volume changes were significantly lower in ocrelizumab-
ocrelizumab vs IFN f-1a-ocrelizumab patients at weeks 46,
94,142, 190, 238 (—2.12%/ —2.88%, —2.36%/ —3.31%, 2.7
8%/ —3.61%,—3.03%/ —3.68%, and —3.41%/ —4.07%, respec-
tively; p <0.001 for all comparisons). Similar results were
observed in the ORATORIO OLE, when comparing PPMS
patients continuing ocrelizumab with those previously in
the placebo group (—2.44%/ —3.46%,—2.61%/ —3.93%, 3.
25%/ —4.30%, and —3.62%/ —4.86%; p <0.001 for all com-
parisons) [56] (Table 1, Fig. 1).

Chronic Active Lesions

Pathological studies have shown that up to 57% of white mat-
ter lesions have a peripheral “rim” of iron-laden activated
microglia/macrophages associated with ongoing demy-
elination and axonal loss, around an inactive core without
blood—brain barrier damage [57-60]. These lesions, termed
“chronic active,” reflect a compartmentalized chronic inflam-
matory pathological process that has been suggested to con-
tribute to MS severity and progression [30, 61]. The potential
effects of different DMTs on this more compartmentalized
chronic inflammation have not been investigated so far, and
they are not yet included in treatment monitoring [62].

Since chronic active lesions slowly increase in size over
time (i.e., slowly evolving lesions [SEL]), a method for their
assessment has been proposed based on the identification
of white matter lesions showing a linear and progressive
expansion over long-enough periods of time on conventional
T1- and T2-weighted images [63—65].

In the pooled data from OPERA I and OPERA II
(n=1334) and ORATORIO (n=555), SEL mean num-
ber (6.3 vs 4.6, p=0.002), volume (1838 vs 1223 mm?,
p <0.001), and proportion of the volume among T2-hyper-
intense white matter lesions (11.3% vs 8.6%, p <0.001) were
significantly higher in PPMS compared with RMS [64].
Compared with non-SELs, SELs were also characterized
by a lower T1 signal intensity and a significant longitudi-
nal T1 signal intensity decline [64], suggesting more severe
demyelination and axonal damage that accumulate at a faster
rate compared to inactive white matter lesions.

In another study that evaluated 555 PPMS patients of the
phase III ORATORIO RCT, SELs showed a larger decrease in
mean normalized T1 signal intensity and a greater relative accu-
mulation of T1-hypointense volume that predicted 12-week
composite CDP (measured by EDSS worsening, >20% increase
in T25FWT or in 9-HPT) from baseline to week 120 [63].

Of note, although the proportion of PPMS patients with > 1
SEL was similar in ocrelizumab- and placebo-treated groups
(73.2% vs 69.0%, respectively), the proportion of total

pre-existing T2-hyperintense lesions identified as SELs
from baseline to week 120 was significantly lower in ocre-
lizumab- vs placebo-treated PPMS patients (median=2.5 vs
3.4, p=0.044) [63]. Moreover, compared with placebo, ocre-
lizumab was associated with a lower T1-hypointense lesion
volume increase from baseline to week 120 (p <0.001), not
only in new T2-hyperintense lesions (p <0.001), but also in
T2-hyperintense white matter lesions that were classified as
SELs (+27% vs+40%, p<0.001) and non-SELs (+15%
vs+ 18%, p=0.005) [63]. Finally, ocrelizumab was associated
with a significantly reduced decrease in normalized T1 signal
intensity in SELs from baseline to week 120 compared with
placebo (—0.24 vs —0.28, p=0.013) [63] (Table 1, Fig. 1).

The accumulation of chronic active lesions may represent
one of the contributors to clinical disability independent of
clinical relapses and overt inflammatory MRI activity (i.e.,
PIRA) [61]. Accordingly, the demonstration of a beneficial
effect of ocrelizumab in limiting the number and volume
of chronic active lesions and their microstructural abnor-
malities, which mainly reflect demyelination and axonal loss,
may further support the use of this drug for limiting clinical
worsening in MS patients.

Conclusions

The introduction of ocrelizumab in the MS armamentar-
ium established an effective new therapeutic approach for
the treatment of both RMS and PPMS patients. Growing
evidence suggests that ocrelizumab may help to limit the
progression of clinical disability and promote disability
improvement.

Data from RCTs and their OLEs, and observational studies
has shown that ocrelizumab has a strong anti-inflammatory
action that is associated with an almost complete suppression
of clinical relapses and MRI activity (i.e., new T2-hyper-
intense white matter lesions and Gd-enhancing lesions). In
addition, it has been suggested that ocrelizumab also sig-
nificantly reduces a substantial proportion of MS-related dis-
ability progression that is independent of overt inflammatory
disease activity.

The use of composite scores to evaluate disability progres-
sion, not just the EDSS, but also measuring walking ability
and manual dexterity, together with the evaluation of cognitive
performance, severity of fatigue, and impact of MS patients’
quality of life, is allowing more accurate and comprehensive
assessment of the beneficial effects of ocrelizumab.

The application of paraclinical tools, such as advanced MRI
techniques and NfL quantification, which are more specific to
the different pathological processes contributing to MS-related
disability progression, is shedding light on the possible mech-
anisms underlying the positive effects of ocrelizumab. The
significant reduction in the rate of global and regional brain
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atrophy and of NfL levels, which was found to be partially
independent of overt inflammatory activity, suggests that this
treatment may also limit neuro-axonal damage, which repre-
sents one of the most important pathological substrates leading
to the accumulation of irreversible disability.

The significant reduction in the occurrence of microstruc-
tural tissue abnormalities in chronic active lesions suggests
that ocrelizumab may be effective in reducing chronic and
compartmentalized inflammation, which contributes to MS
severity and progression.

Despite these promising results, further work is needed to
confirm these findings, in longitudinal studies with a longer
follow-up, and to validate the biomarkers so they can be
applied in clinical settings.
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