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Abstract

Background and purpose: Using the treatment goal of “no evidence of disease activ-
ity” (NEDA) incorporating magnetic resonance imaging (MRI) re-baselining, we aimed to
assess the efficacy of ocrelizumab in patients with relapsing-remitting multiple sclero-
sis with a prior suboptimal response, defined by MRI or relapse criteria, to one or two
disease-modifying therapies (DMTs).

Methods: CASTING was a prospective, international, multicenter, single-arm, open-
label phase 3 trial (NCT02861014). Patients (Expanded Disability Status Scale [EDSS]
score < 4.0, with discontinued prior DMT of 26 months duration due to suboptimal dis-
ease control) received intravenous ocrelizumab 600 mg every 24 weeks for 96 weeks.
The primary endpoint was NEDA (defined as absence of relapses, disability progression,
and inflammatory MRI measures, with prespecified MRI re-baselining at Week 8) over
96 weeks.

Results: A total of 680 patients were enrolled, 167 (24.6%) based on MRI activity only.
At Week 96, 74.8% (95% confidence interval [Cl] 71.3-78.0, n/N = 492/658) of patients
had NEDA. NEDA was highest among patients enrolled due to MRI activity alone (80.6%
[95% Cl 68.6-89.6], n/N = 50/62) versus those enrolled for relapse (75.1% [95% Cl 69.0-
80.6], n/N = 172/229) or for relapse with MRI (70.5% [95% Cl 60.0-79.0], n/N = 74/105).
NEDA across subgroups was highest in patients with a baseline EDSS score <2.5 (77.2%
[95% Cl 72.8-81.2], n/N = 315/408). NEDA was higher in patients receiving one prior
DMT (77.6% [95% Cl 73.2-81.6], n/N = 312/402) versus two prior DMTs (70.3% [95% CI
64.3-75.8], n/N = 180/256).

Conclusions: In patients switching therapy due to suboptimal disease control, treatment
with ocrelizumab led to an overall high NEDA rate across a wide range of disease-related
and demographic subgroups, regardless of prior treatment background, with no new

safety signals detected.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology.
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INTRODUCTION

Patients with relapsing-remitting multiple sclerosis (RRMS) often
experience disease activity despite receiving a disease-modifying
therapy (DMT) [1-3]. Ocrelizumab, a recombinant humanized
monoclonal antibody that selectively depletes CD20-expressing
B cells while preserving the capacity for B-cell reconstitution and
pre-existing humoral immunity [4,5], showed significant benefit on
clinical and magnetic resonance imaging (MRI) measures of disease
activity and disability progression in pivotal phase 3 studies in pa-
tients with relapsing multiple sclerosis (RMS) [6] or primary progres-
sive multiple sclerosis (PPMS) [7]. The efficacy of ocrelizumab was
sustained in the respective open-label extension periods [8,9].

In the double-blind period of the pivotal studies, the majority
of ocrelizumab-treated patients (73.3% in OPERA | and OPERA
Il 'in RMS [6] [n = 605/825]; 88.7% in ORATORIO in PPMS [7]
[n = 433/488]) were not receiving DMT at enrollment, and direct
data on the efficacy and safety of ocrelizumab in patients with a
suboptimal response to prior DMTs are limited. In those patients
who had received prior DMTs in OPERA | and OPERA I, these were
mainly limited to contemporaneous therapies, that is, interferon
(IFN)-based regimens (n = 161/220 [73%]) or glatiramer acetate
(n=77/220 [35%]) [6].

CASTING (NCT02861014) was a European-based phase 3b
trial to evaluate the efficacy and safety of ocrelizumab, designed
specifically for patients with RRMS with a suboptimal response to
one or two prior DMTs (a parallel study, CHORDS, was conducted
in North America; NCT02637856). The CASTING study aims to as-
sess the proportion of patients who have no evidence of disease ac-
tivity (NEDA), which has become an important treatment goal for
patients with multiple sclerosis (MS) [10]. Importantly, CASTING in-
corporates MRI re-baselining at Week 8 to exclude MRI activity that
occurs during the first 8 weeks of treatment before the potential
treatment benefit of ocrelizumab is realized, based on results from
the phase Il study [11].

METHODS
Study design and procedures

CASTING (NCT02861014) was a prospective, international, multi-
center, interventional, open-label phase 3b study investigating the
efficacy and safety of ocrelizumab in patients with RRMS who had
a suboptimal response to an adequate course of DMT (Figure 1).
Patients entered a screening period (up to 4 weeks), after which
eligible patients received an intravenous infusion of ocrelizumab

600 mg every 24 weeks throughout the 96-week open-label

treatment period (last dose on Week 72) for a maximum of four
doses (first dose administered as two 300-mg infusions, 14 days
apart). Expanded Disability Status Scale (EDSS) score, relapse, and
MRI assessments were conducted at least at baseline and at Weeks
24,48, and 96 (NB, an additional MRI assessment was made at Week
8 for MRI re-baselining purposes).

Patients were encouraged to enrol in a separate long-term ex-
tension study at the end of the treatment period to further evaluate
the efficacy and safety of ocrelizumab. Patients not enrolling in the
long-term extension study and those who discontinued treatment
early entered a safety follow-up for at least 96 weeks. Patients who
discontinued and switched to commercially marketed ocrelizumab or
other B-cell-depleting therapies, either after completion or early dis-
continuation of the 96-week treatment period, were not allowed to
enter the safety follow-up period. The trial protocol (NCT02861014)
was approved by the relevant institutional review boards/ethics

committees. All patients provided written informed consent.

Patients

Key eligibility criteria included: age 18-55 years; diagnosis of RRMS
according to the McDonald 2010 criteria [12]; EDSS score of 0.0-
4.0 inclusive at screening; disease duration < 10 years from first
symptom (if date of first symptom was unknown, then the diagnosis
of RRMS was < 5 years prior to enrollment); and prior suboptimal
response to one or two DMTs. A suboptimal response was defined
as: one or more clinically reported relapse(s); or one or more T1-
weighted contrast-enhancing lesion(s) (CELs); or two or more new
and/or enlarging T2-weighted hyperintense lesions on MRI while
the patient was receiving a stable dose of that DMT for at least
6 months; hence, patients could be enrolled where detection of a
suboptimal response to DMT was based on MRI criteria only. In pa-
tients receiving stable doses of the same approved DMT for more
than 1 year, at least one of the above events must have occurred
within the last 12 months of treatment with this DMT. Patients were
not withdrawn from DMTs for the sole purpose of participation in
the study; discontinuation and washout of DMTs was guided by
local prescribing labels. Exclusion criteria included previous treat-
ment with natalizumab (to avoid risk of progressive multifocal leu-
koencephalopathy) unless natalizumab was discontinued because of
persistent anti-natalizumab antibodies.

Outcomes

The primary efficacy endpoint was the proportion of patients with
NEDA (with MRI re-baselining at Week 8) during the 96-week
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Screening MRI
Age: 18-55 years

Diagnosis of RRMS ]

EDSS score: 0.0-4.0 Ocrelizumab 300 mg IV x 2 (Days 1 & 15) for first dose
Disease duration followed by 600 mg IV every 24 weeks

<10 years suboptimal

response to 1 or 2 - - -
prior DMTs' ‘."1‘.)3 ?1‘1’3 ‘.’1‘1’3

T T T T T T 1
Screening Baseline Week 8 Week 24 Week 48 Week 72 Week 96
(up to 4 weeks) MRI re-baselining 1-year interim results Primary endpoint

(NEDA with MRI
re-baselining)

(b) Patients who underwent screening
n = 769 (re-screened n = 52)
Failed screening <
n =140 v
Patients who enrolled
n = 681°
Discontinued study, n = 39 (5.7%) A
* Commercial ocrelizumab, 3 Patients who underwent treatment
" Adverse event, 7 OCR 600 mg (ITT population)
= Lack of efficacy, 3 _
e o n = 680
= Physician decision, 2
= Pregnancy, 4
= Protocol deviation, 2 (=== ————————
= Study terminated by sponsor, 3 v
= Withdrawal by participant, 14
= Death, 1 Patients who completed study
period n = 6471 (94.3%)°

FIGURE 1 Study design (a) and patient disposition (b). tPatients were treated with a disease-modifying therapy (DMT) for at least

6 months and with suboptimal efficacy within the last 12 months whilst on the DMT. *One patient discontinued before receiving treatment.
Sof patients who completed the study treatment period, 154 discontinued for “other reasons” before safety follow-up (of whom 152

took commercial ocrelizumab); 438 rolled over into the long-term extension study (one additional patient also rolled over); 40 withdrew
consent and did not enter safety follow-up (of whom 25 took commercial ocrelizumab); eight patients entered safety follow-up; and one
patient discontinued before safety follow-up by “physician decision” (this patient also took commercial ocrelizumab). Note: The per-protocol
(PP) population consisted of 560 patients. Reasons for exclusion from the PP population were: full course of ocrelizumab treatment not
completed (n = 37); major protocol deviation deemed to potentially affect the efficacy endpoints (n = 56); and magnetic resonance imaging
(MRI) performed after ocrelizumab infusion (n = 80). EDSS, Expanded Disability Status Scale; ITT, intention-to-treat; IV, intravenous;
NEDA, no evidence of disease activity; OCR, ocrelizumab; RRMS, relapsing-remitting multiple sclerosis [Colour figure can be viewed at
wileyonlinelibrary.com]

treatment period. NEDA was defined as an absence of protocol- score 2 1.0 point compared with baseline, in patients with a baseline
defined relapse (PDR; defined as occurrence of new or worsening EDSS score > 2); annualized rate of PDRs at Week 96 (ARR; calcu-
neurological symptoms that were attributable to MS), 24-week con- lated as the total number of PDRs for all patients divided by the total
firmed disability progression (CDP; defined as an increase in EDSS patient-years of exposure to that treatment); total number of CELs
score from baseline of at least 1.0 point), CELs, and new and/or en- (Weeks 24, 48, and 96); change in total T2-weighted hyperintense
larging T2-weighted hyperintense lesions. An analysis of the propor- lesion volume (Weeks 8-96); volume and number of new and/or

tion of patients with NEDA during the initial 24-week and 48-week enlarging T2-weighted hyperintense lesions (Week 8 to Weeks 24,

periods was conducted as a secondary endpoint. 48, and 96); and percentage changes in cerebral whole-brain vol-
Additional secondary study endpoints included: time to the first ume (WBV), white matter volume (WMV) and cortical gray matter
event of disease activity (defined as the occurrence of the first event volume (CGMV; Weeks 24, 48, and 96). Brain volume change was

on any NEDA component); time to onset of the first PDR, 24-week assessed using the percentage change from Week 8 in WBYV using
CDP, and on brain MRI, first new and/or enlarging T2-weighted SIENA/X [13] and the percentage change in WMV and CGMV using
hyperintense lesion; mean change in EDSS score (from baseline to paired Jacobian integration [14].

Week 96); proportion of patients with CDP, stable disability, or con- The primary and secondary endpoints were analyzed by sub-
firmed disability improvement (CDI; defined as a reduction in EDSS group (when n > 50) relating to patient demographics (age [< 40/>
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40 years)), disease characteristics (EDSS score at baseline [< 2.5/2
2.5], number of relapses over the year prior to inclusion [s 1/> 1],
time of the event leading to enrollment in relation to screening
[<6 months/> 6 months]), reason for enrollment (MRI only, relapse
only, MRI with relapse), and prior DMT before enrollment (IFNs,
glatiramer acetate, teriflunomide, fingolimod, dimethyl fumarate,
natalizumab).

Exploratory endpoints included the proportion of patients with
NEDA during the treatment period (MRI from screening); predictors
of NEDA and association with disability or other efficacy variables;
and an epoch analysis of NEDA (Year 1 [Weeks 0-48] and Year 2
[Weeks 48-96]). Analyses of the proportion of patients with NEDA
(with MRI re-baselining at Week 8) by number of prior DMTs (1 vs. 2)

were assessed post hoc.

Safety

Safety outcome measures included the incidence and nature of ad-
verse events (AEs), serious AEs, discontinuations for AEs, vital sign
measurements, physical and neurological examinations, clinical
laboratory tests, locally reviewed MRI for safety (non-MS central
nervous system pathology), and concomitant medications. The se-
verity of AEs was graded according to the National Cancer Institute

Common Terminology Criteria for Adverse Events.

Statistical analyses

The analysis of this single-arm noncomparative study was explora-
tory, and primarily based on descriptive statistical methods. No for-
mal hypothesis was tested. The efficacy analyses were performed
on the intention-to-treat (ITT) population, which included all en-
rolled patients who received any dose of ocrelizumab, including
those who prematurely withdrew and did not undergo any assess-
ments. A modified ITT population was defined as all patients from
the ITT population excluding patients with both screening and base-
line EDSS scores missing. The safety population consisted of all pa-
tients who received at least one dose of ocrelizumab.

For the primary outcome, the proportion of patients with NEDA
during the 96-week treatment period in the modified ITT population,
descriptive statistics with the corresponding two-sided Clopper-
Pearson 95% confidence interval (Cl) were used; patients receiving
any dose and who discontinued early without a protocol-defined
event were imputed as having an event if the treatment discontinua-
tion reason was lack of efficacy, or death; others were excluded. The
same approach as for primary endpoint analysis was used for sec-
ondary NEDA endpoints. The time to first protocol-defined event of
disease activity used Kaplan-Meier analysis, with Greenwood 95%
Cl using log-log transformation (for NEDA); patients who discontin-
ued the study due to lack of efficacy, or death without confirmed
progression of disease were imputed as having an event at the time
of discontinuation. For the primary outcome, an additional analysis

to identify baseline factors prognostic for NEDA at Week 96 used a
logistic regression model, adjusted by duration since MS symptom
onset (< 3 years, > 3 and < 5 years, > 5 years and < 10 years, >
10 years), T2-weighted hyperintense lesion volume at Week 8, pres-
ence of T1-weighted CELs at screening, presence of relapses prior to
screening as per the case report form (Yes/No), number of previous
DMTs (1, > 1), baseline EDSS, and gender.

Expanded Disability Status Scale score and mean change from
baseline in EDSS score were analyzed using the longitudinal mixed-
effect model of repeated measures (MMRM). The proportion of pa-
tients who had CDP or CDI was analyzed using the ITT population.
The ARR analysis (adjusted for duration since MS symptom onset,
presence of T1 gadolinium-enhancing lesions, presence of relapses
prior to screening as per the case report form, number of previous
DMTs, and log-transformed years of drug exposure time) used a
Poisson model and the ITT population. The total number of CELs and
number of new or enlarging T2-weighted hyperintense lesions were
analyzed using a Poisson model and the ITT population. Descriptive
analyses, change, and percentage change summary were used for
volume of new or enlarging T2-weighted hyperintense lesions in the
ITT population. The percentage changes in WBYV, CGMV, and WMV
were analyzed using the MMRM and the ITT population.

RESULTS

The CASTING study (9 September 2016 to 25 October 2019) en-
rolled 681 of 769 screened patients, across 157 centers in 16 par-
ticipating countries across Europe and Turkey. One patient who
did not receive treatment was discontinued from the study and
excluded from the ITT and modified ITT populations (n = 680 for
both). A total of 641/680 patients (94.3%) completed treatment
and 39/680 patients (5.7%) withdrew from study treatment pre-
maturely (Figure 1). Baseline demographic data and disease char-
acteristics are provided in Table 1. Patients were most frequently
enrolled for reason of relapse (35.0%, n = 238/680), although 24.6%
(n = 167/680) were enrolled due to MRI activity only. More patients
had received one prior DMT (60.4%, n = 411/680) than two prior
DMTs (39.6%, n = 269/680), with IFN-based regimens being the
most commonly used DMT in patients pretreated with one DMT
(29.1%, n = 198/680) as well as the most commonly used first DMT
(70.6%, n = 190/269) in patients who had received two prior DMTs.
The overall mean (standard deviation [SD]) time from the last DMT
treatment to the first ocrelizumab infusion was 1.88 (2.07) months,
the washout period was based on the local label. Disease character-
istics in patients who had received two DMTs prior to enrollment
reflected a greater degree of disease progression than in those who
had previously received only one prior DMT. Patients who received
fingolimod typically had disease characteristics reflecting more ad-
vanced disease relative to other last prior DMTs.

Most patients (74.8% [95% CI 71.3-78.0], n/N = 492/658) had
NEDA at the end of the treatment period (Week 96) when MRI
outputs were re-baselined at Week 8 (primary endpoint; Figure 2);
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TABLE 1 Baseline demographics, disease characteristics, and

prior disease-modifying therapies

Parameter

ITT population
(N = 680)

Age, mean (SD), years
Age <40/>40 years, n (%)
Women, n (%)
White, n (%)?
BMI, mean (SD), kg/m2
Reason for enrollment, n (%)
MRI activity only
Relapse activity only
MRI + relapse activity

Duration since MS symptom onset, mean
(SD), years

Duration since RMS diagnosis, mean (SD),
years

Number of relapses in last year, mean (SD)

Patients with <1 /> 1 relapse in the last
year, n (%)

Baseline EDSS score, mean (SD)¢

Patients with EDSS score
<2.5/22.5,n (%)

Number of T1-weighted CELs, mean (SD)®
Patients with O lesion, n (%)
Patients with 1 lesion, n (%)
Patients with 2 lesions, n (%)
Patients with 3 lesions, n (%)
Patients with > 4 lesions, n (%)

Number of T2-weighted hyperintense
lesions, mean (SD)¢

Volume of T2-weighted hyperintense
lesions, mean (SD), ul®

Normalized brain volume, mean (SD), cm®

Duration of last DMT, mean (SD), months

Duration between last DMT and OCR
initiation, mean (SD), months'

Patients pretreated with one/two unique
DMTs, n (%)

Last prior DMT, n (%)
Interferon-based regimens!
Dimethyl fumarate
Fingolimod
Glatiramer acetate

Teriflunomide

34.2(8.6)

511 (75.1)/169 (24.9)
436 (64.1)
625(91.9)
25.0(5.4)

167 (24.6)
238(35.0)
275 (40.4)
5.0 (2.7)°

3.7(2.5)

1.2(0.9)°

488(71.9)/191
(28.1)¢

21(1.1)
422 (62.1)/258 (37.9)

0.26 (0.88)
566 (85.9)
62(9.4)
12(1.8)

6(0.9)
13(2.0)
43.88 (4120)f

6133.48 (7840.24)¢

1436.88 (83.58)"
26.5(20.6)
1.9(2.1)

411 (60.4)/269 (39.6)

198 (29.1)
168 (24.7)
129 (19.0)
116 (17.1)
65 (9.6)

(Continues)

TABLE 1 (Continued)

ITT population

Parameter (N = 680)

Natalizumab 4(0.6)

Note: Baseline EDSS score is defined as the average of the EDSS scores
at the screening and baseline visits.

Abbreviations: BMI, body mass index; CEL, contrast-enhancing lesion;
DMT, disease-modifying therapy; EDSS, Expanded Disability Status
Scale; IFN, interferon; ITT, intention-to-treat; MS, multiple sclerosis;
OCR, ocrelizumab; RMS, relapsing multiple sclerosis; SD, standard
deviation.

#More than one response was possible.

PN = 670.

‘N = 679.

dScreening EDSS score if baseline EDSS score was not available.
€At the Week-8 baseline reset, N = 659 for lesion groups.

N =668.

EN = 669.

PN = 635.

N = 647.

iIncludes IFN B-1a (n = 134), IFN B-1b (n = 43), and pegylated IFN p-1a
(n=21).

80.4% (95% Cl 77.2-83.4, n/N = 529/658) of patients had no evi-
dence of clinical activity (absence of PDR and 24-week CDP) and
91.5% (95% Cl 89.1-93.5, n/N = 602/658) of patients were free
from MRI activity (absence of CELs and new/enlarging T2-weighted
hyperintense lesions). Comparable NEDA rates in the per-protocol
population confirmed the robustness of the primary analysis (76.6%
[95% CI 79.2-80.1], n/N = 429/560). NEDA rates during the initial
24-week (87.1% [95% Cl 84.3-89.5], n/N = 586/673) and 48-week
periods (82.6% [95% Cl 79.5-85.4], n/N = 549/665; secondary end-
points) were also high, and a higher proportion of patients had NEDA
in Year 2 (87.0% [95% Cl 84.2-89.5], n = 571/656) than in Year 1
(82.6% [95% CI 79.5-85.4], n/N = 549/665).

The rate of NEDA (with re-baselined MRI) was highest in pa-
tients enrolled due to MRI activity only (80.6% [95% Cl 68.6-89.6],
n/N = 50/62) versus patients enrolled for relapse (75.1% [95% CI
69.0-80.6], n/N = 172/229) or relapse with MRI (70.5% [95%
Cl 60.0-79.0], n/N = 74/105), and those with a baseline EDSS
score < 2.5(77.2% [95% Cl 72.8-81.2], n/N = 315/408), < 1 relapse
prior to enrollment (78.2% [95% Cl 74.2-81.9], n/N = 370/473)
and the event leading to enrollment occurring = 6 months prior
to study entry (75.8% [95% Cl 68.9-81.9], n/N = 135/178) ver-
sus their counterpart subgroups (Figure 3). The NEDA rate (with
re-baselined MRI) did not vary by age (< 40 years: 74.7% [95% Cl
70.6-78.5],n/N = 366/490; > 40 years: 75.0% [95% Cl 67.7-81.3],
n/N = 126/168) or by T1-weighted CEL status at baseline (absent:
75.8% [95% Cl 72.0-79.3], n/N = 416/549; present: 73.0% [95% CI
62.6-81.9], n/N = 65/89 [Figure 3]). NEDA rates (with re-baselined
MRI) were higher in patients receiving one prior DMT (77.6% [95%
Cl 73.2-81.6], n/N = 312/402) versus two prior DMTs (70.3% [95%
Cl 64.3-75.8], n/N = 180/256) and remained generally high when
stratified by the last prior DMT received before enrollment. NEDA
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n/N % (95% CI) niN % (95% CI) n/N % (95% CI)
Overall | 492/658  74.8 (71.3-78.0) - Overall | 492/658 74.8 (71.3-78.0) - Overall | 492/658 748 (713-78.0) -

EDSS score <2.5 | 315/408  77.2 (72.8-81.2) -9~ Age <40 yrs | 366/490 747 ( 70.6-78.5) -8 ;

! ! One prior DMTs | 312/402 77.6 (73.2-81.6) el
EDSS score 22.5 | 177/250 70.8 (64.7-76.4) —.—1 Age >40yrs | 1267168 75.0 (67.7-81.3) + i
<1 relapse H Two prior DMTs | 180/256 70.3 (64.3-75.8) =
prior to enrollment | 370/473  78.2 (74.2-81.9) hag Females | 303/421 72.0 (67.4-76.2) — i
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MRIonly| 50/62  80.6 (68.6-89.6) ——

T1-weighted CEL (Week 8) Yes | 65/89 73.0 (62.6-81.9) g v | Teriflunomide | 44/63 69.8 (57.0-80.8)  —mm—
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FIGURE 3 No evidence of disease activity (NEDA) subgroup analyses at Week 96 (magnetic resonance imaging [MRI] re-baselined at
Week 8). TEnrollment based on McDonald 2010 criteria. ¥Event timing in relation to study entry. Dashed line represents NEDA rate in the
overall intention-to-treat population. CEL, contrast-enhancing lesion; Cl, confidence interval; DMT, disease-modifying therapy; EDSS,

Expanded Disability Status Scale; IFN, interferon

rates were highest in patients receiving IFN-based regimens as the
last DMT (81.1% [95% Cl 74.7-86.4], n/N = 154/190) and lowest in
those receiving fingolimod (68.9% [95% Cl| 59.8-76.9], n/N = 84/122
[Figure 3]). A smaller proportion of patients had NEDA with MRI from
screening (52.0% [95% Cl 48.2-55.9], n/N = 346/665) versus Week 8
(74.8% [95% CI 71.3-78.0], n/N = 492/658), which was attributable
to there being a lower proportion of patients with no new/enlarg-
ing T2-weighted hyperintense lesions after re-baselining at Week
8 (Week 8: n = 424/665 [63.8%]; Week 96: n = 602/658 [91.5%],
respectively). Only gender was found to be a potential prognostic
factor of NEDA and disability or other efficacy parameters (women
vs. men: odds ratio 0.65 [95% Cl 0.43-0.97]; p = 0.037 [Table S1)).
For secondary clinical outcomes, the Kaplan-Meier estimates
of event-free rates at intervals over the study duration are shown in
Table 2. At Week 96, the chance of not having had an event of disease
activity (event-free rate) was 76.3% (95% Cl 72.81-79.31, patients
at risk n = 394) for first protocol-defined event of disease activity,
88.4% (95% Cl 85.7-90.6, patients at risk n = 439) for 24-week CDP
and 90.0% (95% CI 87.5-92.0, patients at risk n = 457) for first PDR,
whereas in the population of patients with a baseline EDSS score = 2,
the chance of having had an event of 24-week CDI was 16.5% (95% ClI
13.1-20.5, n = 241). Mean (SD) EDSS scores over the treatment period
were stable (baseline: 2.09 [1.06] vs. Week 96: 2.09 [1.30]; additional

intervals shown in Table 2); this was reflected in the proportion of
evaluable patients (n = 640; only patients with non-missing values)
with no change from baseline in EDSS score (72.2%, n = 462/640;
change < 0.5 and = -0.5) at Week 96, while 13.4% (n = 86/640) had
worse (> 0.5) and 14.4% (n = 92/640) had improved (< -0.5) EDSS
scores. Over the study duration, a total of 79 PDRs were recorded; at
Week 96 the adjusted ARR was 0.030 (95% CI 0.02-0.04).

A near-complete suppression of MRI lesional activity was ob-
served, with most patients having no CELs and no new and/or
enlarging T2-weighted hyperintense lesions from Weeks 8 to 96
(Figure S1). A total of 14 CELs were detected by brain MRI at Week
24 in all patients/brain MRIs assessed (n = 665), six at Week 48
(n=658), and one at Week 96 (n = 629); adjusted CEL rates were low
and stable over time (Table 2). There were 39 new and/or enlarging
T2-weighted hyperintense lesions at Week 24 (n = 671), 13 at Week
48 (n = 666), and 14 at Week 96 (n = 636); adjusted rates were low
and decreased over time (Table 2). The mean (SD) T2-weighted hy-
perintense lesion volume was 6133.5 (7840.2) ul at Week 8 (n = 669)
and 5518.2 (7178.6) ul at Week 96 (n = 632); the total T2-weighted
hyperintense lesion volume decreased over time with a mean (SD)
change from baseline to Week 96 (n = 624) of -558.6 (1194.6) pl
and a mean (SD) percentage change of -8.5 (18.2)%. Normalized
brain volume decreased over time, with mean percentage change


www.wileyonlinelibrary.com

VERMERSCH €T AL.

796

"9819AU0D J0U PIP [9POUI UOSSIOd 3Y3 ‘96 H93M 3E STID PAIYSISM-T | JO Jaquinu mo| AJaA 3y3 03 an(,,

"(£00°0 ‘200°0 1D %S6) #700°0 Sem paulquiod 94 pue ‘8¢ ‘HZ SHIIM 104 d)ed pajsnipe suoisa| padueyus

-wniuijopes T Jo Jaquinu [e303 Y] (Z#0°0 ‘SZ0°0 1D %56) TEO 0 SEM PauIquiod 94 PUB ‘8 ‘77 S} 104 d3ed pajsnipe suolsa| asuajuliadAy pajysiom-z ] SuiSiejus Jo/pue mau Jo Jaquinu [e30} ay] (T <

'SA T =) SLINQ SholAaud Jo Jaquinu pue (ON/SSA) 43D Jad se Sujuaauds 01 Jolid sasdejas Jo 9ouasald (ON/SSA) SUlUS9.S e SUOIS| padueyua-wniuljoped T Jo 92uasald (9|gelteA snonuiluod) 319suo woldwAs
SIA @2uis uoljelnp Aq pajsnipe ‘sueds [y|A ulelq Jo Jaquinu [e103 ay3 Aq papiAlp sjualjed ||e Joj suolss| asuajuliadAy pajydiam-g | 3uiBiejus Jo/pue mMau o padsueyus-wnjuljoped T JO Jaquinu [e30} 3y,
‘(I4IN pue asdejas y1oq Jo ‘Ajuo [Y|A ‘Ajuo asdejal) suoseal JuaW||oJud + (T< ‘T) SLINQ Snolaaud Jo uaquinu + (ON/SSA) SUlU9312S Je SUOISa| padueyua-wniuljoped T Jo 92uasald + (sieah Q<

‘s1edh QTS pue G< ‘sIedk Gs pue £< ‘sIedk £5) Jasuo WoldwAS S|A 9dUls UoleINp + 3103s $SO3 duUl[aseq + JISIA = a8ueyd :XLIJew 3dUeLIeA0D PaInidnJisun 3uisn NYININ UO paseq sisAjeue wouy ae sajeullysy,
'Ssd3

Sul|aseq JoJ pasn Sem JaY30 sy ‘SuISSIW SEM SHISIA SUl[9Se] JO SUIUISIIS W) $3102S ST Y3 JO SUO J| "SHISIA SUI[9Seq pue Suluaa1ds aY) e $3102s $S7 Y3 Jo 98eIaAe 2y Se pauljap 2402s $SJJ aulaseq,
‘uoI3eIASp pJepuels ‘gs asdejas paulyap-1020304d ‘Ydd {Pap4023l Jou ‘YN ‘S1S043[2s d|diynw ‘S|A ‘SuiSew

92UBUOSI D1}2USeW ‘[Y|A ‘Sa4nseaw pajeadal JO [9pOoW 129449-PaXIW ‘INYIANIN 38D43-03-UOIJUIIUI PILJIPOW ‘| | |W ‘IDID|A -Ue|de)] ‘|AY 3ea43-03-uoijualul ‘| || 9|ed2S sniels Ajljiqesiq papuedx3 ‘ssa3l ‘Adesayy
SulAjipow-aseasip ‘| INQ ‘w404 110dau 3sed ‘4YD) ‘uoissaldold Ajigesip pawIJu0d ‘ddD {|eAI1Ul 9DUIPLJUOD ‘| JuawaAosdwl AM|IgeSIp pawIIuod ‘|gD ‘uoisa| Suldueyua-3sesjuod 13D SUoljeIAIqqy

5(LL]) suoisa| asuajuriadAy

9€9 (020°0 ‘900°0) TT00 - 999 (£10°0 ‘¥00°0) 600°0 T£9(5£0°0 ‘'8€0°0) €50°0 - pajysiam-g | SUISIe|ud J0/pue Mau JO IaquinN
pdN - 859 (TT0°0 ‘T00°0) 00°0 §99 (¥10°0 ‘T00°0) #00°0 - 5(L11) S13D paaysiam-T 1 Jo JaquinN
u .A_U &mmv 2jel _uwums_‘_om ‘sainseaw 4N
LS¥ (¥0'T6 'L'£8) 00°06 - 629 (ET'S6 ‘8E'T6) TS€6 6€9 (ST'96 ‘€L'T6) OL 76 - (LL1) ¥ad 3s4i4
T¥Z (58'98 '67°6/) €5°€8 - 85€ (€576 '95'98) 96'68 G8E (ZS'L6 ‘¥S5€6) 66'S6 - T 224025 S5@3 duljaseq (L1Iw) |dD H99m-#Z
6E1 (29°06 '89'58) 6£'88 - 9€9 (29'96 ‘SE°€6) ST'S6 199 (8886 ‘T£'96) 80'86 - (LL1) daD X2am-Z
(LL1)
¥6€ (T€°6L'18°CL) STIL - G/S (V6£8 '19°C8) 05°68 819 (C€'€6 ‘80'68) S¥'16 - AYIAI3DE 95BISIP JO JUDAS paUlSap-|020304d 3Sul4

u “ysia e syuaijed (1D %G6) ‘% 91eW1}Sd 911 931J-JUIAS |AH ‘DINSeaW |ed1ul|d JO }SUO 03 S|

U ‘(1D %S6) ueaw pajsnipe

0%9 (0T°0 ‘0T°0-) 00°0 059 (80°0 ‘T1°0-) 20°0- $99 (0T°0 ‘0T°0-) 000 6.9 (£0°0 “TT°0-) 20°0- - (LLIW) auljaseq wouy 21095 ($SA3 Ul 98uey)
0v9 (0£°7) 60°Z 059 (62°7) £0°T 5§99 (82°T) T1'T 6.9 (ST'T)80°C 089 (90'T) 60°C u(@s) ueaw ‘(1 1|w) ,3409s $5A3
96 99M ZLA9dM 81 399M YT N9d9M auljaseg 1210Weled

(089 = N) qewnzij2420

Apn1s ONILSYD 9yl JO uoIjeinp aY3 JSAO S93eJ 934J-JUSAS pue siajaweded 3uidew| oueuosal di3audew pue [eajuld ursadueyd) g 3719V.L



CASTING: OCR IN SUBOPTIMAL-DMT RRMS

| 797

TABLE 3 Adverse events, serious

adverse events, and adverse events (ONc:etlsi;lar)nab
leading to discontinuation for patients
receiving ocrelizumab 600 mg in the Number of patients
CASTING study Variable (%)
Any AE 606 (89.1)
AEs leading to study treatment discontinuation 7 (1.0)
AEs occurring in > 10% of patients
Infusion-related reaction 294 (43.2)
Nasopharyngitis 210 (30.9)
Headache 154 (22.6)
Influenza 92 (13.5)
Urinary tract infection 70(10.3)
Serious AE 49 (7.2)
Serious infection or infestation 11 (1.6)
Malignancies® 3(0.4)

Note: Adverse events were encoded using MedDRA v21.0.

Abbreviations: AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities.

@Basal cell carcinoma (n = 1), squamous cell carcinoma of the cervix (n = 1), and benign neoplasm of

the thymus (n = 1).

from Week 8 baseline of -0.15% (95% Cl -0.26, -0.05) at Week
24, -0.45% (95% Cl -0.56, -0.33) at Week 48, and -0.81% (95% Cl
-0.94, -0.67) at Week 96. The mean percentage change from Week
8 baseline (95% Cl) in WMV was -0.38% (-0.61, -0.15) at Week 48
and -0.75% (-0.98, -0.51) at Week 96, and in CGMV was -0.31%
(-0.61, -0.02) at Week 48 and -0.62% (-0.93, -0.31) at Week 96.

Table 3 summarizes the incidence of AEs among all patients
receiving ocrelizumab in CASTING. No new safety signals were
identified. A total of 606 of 680 patients (89.1%) reported AEs. The
most common AEs (occurring in > 10% of patients) were infusion-
related reactions (IRRs), nasopharyngitis, headache, influenza, and
urinary tract infection. Most patients (77.2%, n = 525/680) had
a maximum-grade AE of mild to moderate (Grade 1/2). Seventy-
one patients (10.4%) and nine patients (1.3%) had a maximum of
Grade 3 or 4 AEs, respectively; there was one Grade 5 AE (suicide;
0.1%). The only treatment-related AEs occurring in = 5% of pa-
tients were IRRs (43.2%, n = 294/680) and nasopharyngitis (7.6%,
n =52/680).

Overall, 49 of 680 patients (7.2%) reported a total of 69 serious
AEs (SAEs) during the treatment period, of whom 32 patients (4.7%)
had Grade 3 events, seven patients (1.0%) had Grade 4 events, and
one patient had a Grade 5 event (suicide, 0.1%). Of the reported
SAEs, 17 events in 13 patients were deemed related to treatment;
the only treatment-related SAE to occur in >1 patient was sinusitis
(n = 3 [0.4%])). All events were reported as recovered/resolved, ex-
cept for an event of guttate psoriasis, which was reported as recov-
ered/resolved with sequelae.

Adverse events leading to interruptions during the infusions
or delays in dosing occurred in 102 patients (15.0%), the majority
of which (n = 97 [14.3%]) were IRRs. AEs leading to withdrawal of

treatment were infrequent and occurred in seven patients (1.0%),
of whom five patients (0.7%) had SAEs (anal abscess, guttate psori-
asis, hepatitis [with negative viral hepatitis test] of unknown origin
[the patient had experienced hepatitis before inclusion in the study],
enterocolitis, and hallucination; each occurring in one patient); no
event occurred in more than one patient.

Of safety events of additional interest, IRRs were the most
common (570 IRRs occurring in 294/680 patients [43.2%], and
most frequently during the first [n = 217; 31.9%]) versus sub-
sequent infusions (between n = 58/644 [9.0%] at Week 72 and
n = 104/672 [15.5%] at Week 24). Most IRRs were Grade 1
(n = 192/680 [28.2%]) or Grade 2 events (n = 97/680 [14.3%]);
five patients (0.7%) had Grade 3 IRRs. There were no Grade 4/5
IRRs. A total of 1489 infections were experienced by 455 patients
(66.9%), of which serious infections were experienced by 11 pa-
tients (1.6%); only sinusitis (n = 3 [0.4%]) and pneumonia (n = 2
[0.2%]) occurred in > 1 patient. Five patients had serious infections
that were considered related to treatment, of whom three patients
had sinusitis, one patient had bacterial esophagitis, oral bacterial
infection, fungal superinfection, and sepsis, and one patient had
a viral infection (varicella zoster). All serious infections, excluding
a case of anal abscess unrelated to treatment (not recovered/not
resolved), were reported as ‘recovered/resolved’. For neoplasms,
three patients (0.4%) experienced SAEs of neoplasms, namely, one
basal cell carcinoma (reported as related to ocrelizumab and re-
solved), one squamous cell carcinoma of the cervix (reported as
related to ocrelizumab), and a benign neoplasm of the thymus (re-
ported as unrelated to ocrelizumab and resolved).

There were five (0.7%) pregnancies, and no treatment-related

complications or abnormalities were reported. There were no
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notable findings in laboratory assessments, physical examinations,

neurological examinations, vital signs, and non-MS MRI pathology.

DISCUSSION

The CASTING study, unique for enrolling a population of patients
with RRMS selected specifically for prior DMT failure, a quar-
ter of which were based on MRI activity only, and utilizing MRI-
re-baselining for the assessment of NEDA, showed that patients
treated with ocrelizumab had generally low disease activity (87.1%
within 6 months), with high rates maintained after 1 (82.6%) and
2 years (74.8%; primary endpoint).

Despite the available therapeutic interventions across the
chronic continuum of MS [15,16], breakthrough disease activity,
defined using clinical and/or MRI measures according to clinical,
guidelines, or DMT label specifications [17-22], is often experi-
enced during DMT, requiring a change in therapy [1-3,23], and
is associated with poor long-term outcomes [20,24-26]. The re-
appraisal of treatment pathways in MS notwithstanding [27,28],
there remains a need for highly effective therapies that can be
used at any time during the disease course. In a post hoc analysis
of the pooled population of the OPERA | and Il studies compris-
ing both treatment-naive and previously treated patients receiv-
ing ocrelizumab, NEDA without re-baselining was 47.7% in the
overall population, and 49.5% and 42.8% in subgroups of patients
with and without prior DMT, respectively [29]. Findings from the
CHORDS study, which included patients treated with up to three
previous DMTs, will further our understanding of ocrelizumab use
in patients who respond poorly to other treatments, with prelim-
inary results showing that 48.1% of patients had NEDA (without
re-baselining) after 2 years [30]. In CASTING, where the differ-
ent baseline demographics and disease characteristics caveat di-
rect comparisons with the CHORDS study, 52.0% of patients had
NEDA without re-baselining. However, in order to represent the
full efficacy of a DMT unconfounded by disease activity carried
over during the first 4-8 weeks from treatment initiation, par-
ticularly MRI-related, a re-baselining approach at first available
MRI has been suggested [19,20,31], generating a NEDA rate of
72.2% in the pooled OPERA | and Il population with re-baselining
at Week 24 (time of first post-baseline MRI) [31]. Based on the
rapid suppression of acute MRI and clinical disease activity within
8 weeks of treatment initiation with ocrelizumab in patients with
RRMS and RMS [11,32], MRI re-baselining at Week 8 was incorpo-
rated into the CASTING study design. While it is of interest to con-
sider re-baselining of other NEDA components, very few patients
in the present study exhibited relapse in the 8-week re-baselining
window (2-year NEDA with 8-week MRI and relapse re-baselining:
76.2% [95% Cl 72.8-79.4], n/N = 500/656).

The NEDA rate remained high across a wide range of disease-
related and demographic subgroups, regardless of prior treatment

background or reason for study inclusion, and, importantly, the rate

did not vary by age, supporting the benefit of ocrelizumab across
subgroups previously reported from the pooled OPERA | and Il stud-
ies [29]. The findings that the proportion of patients with NEDA was
higher in patients enrolled based on MRI activity only, in those with
lower baseline disability scores and markers of less active disease,
and in patients receiving ocrelizumab as the first switch versus sec-
ond switch, demonstrate the importance of identifying and reacting
to early suboptimal clinical or subclinical response to a DMT [27,28],
and that switching to ocrelizumab is never as effective as earlier
treatment, and does not reverse lost function [8,9].

Of the baseline factors analyzed, only gender was a prognos-
tic factor for NEDA at Week 96, with women more likely to have
evidence of disease progression. This may be related to the fact
that women had slightly higher baseline inflammatory MRI activity.
Other studies have shown that the risk of not achieving NEDA was
associated with clinical and MRI measures of disease activity and
progression (e.g., higher baseline EDSS score, number of relapses in
the previous 12 months, number of CELs) [33-35]. Conversely, stud-
ies of the prognostic value of NEDA status over 2 years in predicting
future disability progression up to 10 years have provided conflicting
data, but this was related to the DMT used, with few patients main-
taining NEDA over the long term in studies in which self-injectable
DMTs were used, while NEDA was enhanced in patients over the
long term in studies utilizing more effective DMTs [31]. Indeed, data
from the pooled OPERA | and Il population suggest NEDA status
over the short term may predict longer-term benefits [31].

In patients treated with ocrelizumab, the high proportion with
NEDA was reflected in related measures of clinical and MRI disease
activity. After 2 years in the CASTING study, stable or improved
EDSS score compared with baseline in most patients (86.6%) and an
adjusted ARR (0.03) equivalent to one relapse approximately every
33 years were seen. This, combined with the near-complete suppres-
sion of new MRI lesions and a normalized brain volume loss within
the range of healthy controls [36], suggests ocrelizumab is effective
in a population with disease poorly controlled by other DMTs, and
supports the notion of an early intensive versus escalation approach
to therapy in patients with MS [37].

The high proportion of patients with NEDA, largely stable dis-
ability scores, and decreases in MRI measures in patients treated
with ocrelizumab over the 2-year CASTING study were associated
with a consistent safety profile and accompanied by a low rate of
attrition, with a 94.3% patient-completion rate. IRRs and infections
were the most common AEs observed, and there were low rates of
serious events and AE-related discontinuations. A slightly higher
rate of IRRs compared with that observed in the pivotal phase 3 tri-
als [6,7] was likely attributable to differences in reporting, as was
also observed in the related CHORDS study, in patients with RRMS
with suboptimal responses to prior DMTs [30].

The CASTING study addresses an important patient population
not included in the pivotal phase 3 OPERA | and Il studies, since,
apart from IFNs and glatiramer acetate, no other DMTs were avail-
able at the start of the OPERA | and Il studies. Furthermore, patients



CASTING: OCR IN SUBOPTIMAL-DMT RRMS

799

were selected specifically for prior DMT failure with only one or two
prior DMTs (not > 2 DMTs), that is, they were experiencing break-
through disease and hence were switched to ocrelizumab early in
the disease course. Escalation therapy in MS is an area that still
raises many questions [27,28], and the results from the CASTING
study in this specific patient population support the notion of an
early intensive treatment approach rather than a gradual escalation
to therapy in MS.

As CASTING is a single-arm trial, the lack of a parallel group
for comparison poses some limitations; it is not possible to assess
whether NEDA rates were higher than might have been expected
if patients continued on their previous DMT, and we cannot distin-
guish whether the high NEDA rates observed were attributable to
the effect of ocrelizumab or to the natural history of the population.
However, the proportion of patients with NEDA increased signifi-
cantly relative to baseline, and these patients were previously expe-
riencing disease activity with their prior DMT, thus supporting the
benefit of ocrelizumab.

Overall, in patients treated with ocrelizumab we observed a high
proportion with NEDA, reflecting preserved clinical function and tis-
sue preservation, across a wide range of disease-related and demo-
graphic subgroups, regardless of prior treatment background, with
no new safety signals detected. This study highlights the importance
of recognizing breakthrough disease and the value of reacting with
a treatment switch to ocrelizumab in order to maintain disease con-
trol and optimize short- and long-term patient outcomes. The highly
positive benefit-risk profile observed in this and other clinical stud-
ies of ocrelizumab continues to be evaluated in long-term extension

studies.
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