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Abstract

Background: Upper extremity (UE) impairment is common with primary progressive multiple sclerosis
(PPMS).

Objective: This exploratory analysis examined the effects of ocrelizumab on confirmed progression (CP)
and confirmed improvement (CI) in UE impairment in patients from ORATORIO.

Methods: Patients with PPMS received ocrelizumab 600 mg or placebo every 24 weeks for =120 weeks.
The Nine-Hole Peg Test (9HPT) was administered at baseline (BL) and every 12 weeks thereafter. Pre-
specified exploratory endpoints included change in 9HPT time and proportion of patients with CP of
=20% in 9HPT. Analysis populations included intention-to-treat (ITT) patients and subgroups stratified
by BL 9HPT time and Expanded Disability Status Scale. Post hoc analyses included the proportion of
patients achieving more severe thresholds of CP and the proportion achieving CI in 9HPT.

Results: Among ITT patients, ocrelizumab significantly reduced the change in 9HPT time over 120 weeks,
the risk of CP of =20% in 9HPT time for both hands and the risk of more severe 9HPT progression versus
placebo. Numerical trends also favoured ocrelizumab versus placebo with respect to achieving CI. Con-
sistent directional trends were observed in subgroup analyses.

Conclusion: Ocrelizumab reduces the risk of UE disability progression and may increase the possibility
of improvement versus placebo in PPMS.
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Introduction

Primary progressive multiple sclerosis (PPMS) is
characterized by gradually worsening, multifaceted
neurological disability that routinely includes motor,
sensory, coordination and cognitive dysfunction.!
Impaired upper extremity (UE) function, caused by
sensory, coordination and motor deficits, is widely
reported by patients across all multiple sclerosis (MS)
types, although patients with progressive disease may
have higher prevalence of UE dysfunction and greater
impairment of manual dexterity compared with
patients with less severe disease.>? UE impairment
impacts patients’ ability to perform activities of daily

living (ADL), affecting their independence and qual-
ity of life.* Moreover, the association of UE dysfunc-
tion and unemployment in patients with MS highlights
the economic impact of compromised hand/arm func-
tion in MS.? Therefore, objective quantitative assess-
ment of UE functionality is critical for monitoring
overall MS disease progression and evaluating the
benefit of MS therapies.

The Expanded Disability Status Scale (EDSS) remains
the most widely used tool to measure disability in the
clinic and in MS drug trials. However, the EDSS has
been criticized for its emphasis on ambulation, high
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inter-rater variability and questionable ability to ade-
quately detect critical aspects of disability progression
such as UE dysfunction, especially in progressive
MS.%7 The Multiple Sclerosis Functional Composite
(MSFC), which comprises three quantitative assess-
ments to detect changes in ambulation, UE function
and cognition, was proposed to address the limitations
of the EDSS.8 The Nine-Hole Peg Test (9HPT), a com-
ponent of the MSFC, is frequently used in MS clinical
research and practice and has adequate sensitivity to
detect differences in UE function across various levels
of impairment.® The 9HPT has high inter-rater and
test—retest reliability,'® and although it does not assess
all essential aspects of forelimb movement, it corre-
lates with other measures of UE function encompass-
ing arange of hand/arm manipulations and movements.’
Performance on the 9HPT is also a significant predictor
of MS-related costs, further exemplifying its relevance
in evaluating therapeutic efficacy.!! In studies, clini-
cally meaningful change is typically defined as an
increase of =20% in 9HPT time.>'2

Ocrelizumab, a recombinant humanized monoclonal
antibody that selectively depletes CD20-expressing B
cells while preserving the capacity for B-cell reconsti-
tution and pre-existing humoral immunity, has dem-
onstrated consistent efficacy for the treatment of both
relapsing MS and PPMS.!3% In the Phase III
ORATORIO trial (ClinicalTrials.gov: NCT01194570)
in PPMS, ocrelizumab-treated patients had signifi-
cantly lower rates of clinical and magnetic resonance
imaging (MRI)-measured progression as assessed by
12- and 24-week confirmed disability progression on
the EDSS, change in timed 25-foot walk, change in
T2-weighted brain lesion volume and total brain vol-
ume loss.!* In an exploratory analysis of ORATORIO,
ocrelizumab significantly reduced the risk of 12- and
24-week confirmed progression (CP) of =20% in
9HPT time compared with placebo.!* The effects of
ocrelizumab treatment on UE dysfunction in patients
with PPMS, including measures of confirmed
improvement (CI), were further evaluated in a series
of exploratory and post hoc analyses.

Materials and methods

Study design and patient population

ORATORIO was a randomized, Phase III, double-
blind, placebo-controlled study of ocrelizumab in
patients with PPMS. Patients were randomized
(2:1) to receive ocrelizumab 600 mg, given as two
300 mg intravenous infusions 14 days apart, or cor-
responding placebo every 24 weeks for at least
120 weeks and until approximately 253 events of

12-week confirmed disability progression occurred.
Key eligibility criteria and prespecified endpoints
subject to hierarchical testing have been pub-
lished.!* This study was conducted in accordance
with the principles of the Declaration of Helsinki
and the International Conference on Harmonisation
Guidelines for Good Clinical Practice. Local ethics
committees approved the protocol. All patients pro-
vided written informed consent.

Randomisation and masking
Details on randomisation and masking have been pre-
viously published.!*

9HPT

The 9HPT was administered at baseline (BL) and
every 12 weeks until the end of the study. Both hands
were tested twice — in two consecutive trials of the
dominant hand, followed by two consecutive trials of
the nondominant hand — to determine the time taken to
complete the test. There was a 300-second time limit
per trial. The hand with the shorter time at BL based on
the average of two trials was designated as the ‘better
hand’; the other hand was designated as the ‘worse
hand’. The average of all four trials was considered the
time for ‘both hands’. This represents the conventional
paradigm of 9HPT administration and scoring in MS.13

An alternative method of calculating 9HPT time was
also used whereby the best time of two trials was used
as the score for each hand; the hand with the lower time
was the better hand, and the hand with the higher time
was the worse hand. The time for both hands was cal-
culated as the average of the best trials for each hand.

Statistical analysis

A Cox proportional hazards model stratified by region
(USA vs rest of world) and age (=45, >45years) was
used to assess time to CP in UE impairment, defined as
an increase in 9HPT time across rising thresholds of
progression (i.e. =20% (prespecified) =25%, =30%
and =35%), confirmed after 12 and 24 weeks, as well
as CI of =15% and =20%. Change in 9HPT time from
BL to Week 120 was evaluated with a mixed-effects
model of repeated measures with all post-randomisation
data incorporated using an unstructured variance-
covariance matrix: change=BL 9HPT time + geo-
graphical region (USA vs rest of world) + age (<45,
>45 years) + week + treatment + treatment X
week + BL 9HPT time X week. Missing values were
treated as follows: if a trial result was not available
owing to a ‘physical limitation’, it was imputed as the
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maximum possible value (300seconds). Missing trial
data for reasons other than ‘physical limitation’ were
imputed using the time from the second trial of the same
hand, or, if not available, the average score from the
opposite hand (or the score from a single trial if only
one trial is available). All analyses described herein are
exploratory in nature.

Analysis populations

Analysis groups included the intention-to-treat (ITT)
population as well as patient subgroups defined by
BL 9HPT and EDSS. The 9HPT groups included
patients with abnormal (>25 seconds) versus normal
(=25seconds) 9HPT time at BL, with the 25-second
threshold determined using a reference population of
patients aged 18—59 years (consistent with the age of
the ORATORIO population) from a large-scale nor-
mative database (N=4319).16 Specifically, the times
for the dominant and nondominant hands were aver-
aged within the sex- and age-specific subgroups in the
reference population. These values were then aver-
aged to give the mean time across all subgroups (i.e.
19-8seconds). The standard deviation for each sub-
group was calculated assuming a between-hand cor-
relation of 0.95; pooled variance was then used to
calculate the standard deviation for the reference pop-
ulation overall (i.e. 2-7 seconds). Assuming a normal
distribution and a 95% prediction interval, the upper
limit of 9HPT times (i.e. 97.5th percentile) was calcu-
lated to be 25.1 seconds.

An analysis of patients by BL EDSS scores was per-
formed to assess the effects of treatment in patients with
significant walking impairment (BL EDSS = 6.0), who
are at higher risk of becoming wheelchair-confined. In
this specific subgroup of severely ambulation-restricted
patients, the preservation of UE function is of utmost
importance for all ADL including the use of aids such as
a cane or crutch or self-wheeling.

Results

Patient disposition
The disposition of ORATORIO patients has been
published. !4

BL UE function in the analysis populations

The means of BL 9HPT times for both hands, better
hand and worse hand were mostly comparable in all
analysis populations across the two treatment groups;
however, in the subgroup of patients with BLEDSS =6,
BL 9HPT times were higher in the ocrelizumab

treatment group compared with the placebo group
(Table 1). A slightly higher mean number of T1 gado-
linium-enhancing lesions was observed in the ocreli-
zumab group compared with placebo, which could
come from some outliers (note standard deviations and
ranges); the proportion of patients with =1 T1 gadolin-
ium-enhancing lesion was similar between groups
(Tables S1 and S2). Other BL demographic and disease
characteristics are available in the supplementary mate-
rial (Tables S1 and S2).

Time to CP (=20% increase) in 9HPT time

As previously reported, findings in the ITT population
showed that ocrelizumab significantly reduced the risk
of 12- and 24-week CP of =20% in 9HPT time versus
placebo for both hands (hazard ratio (HR)=0.56,
p<0.001 and HR=0.55, p <0.001).!4 Reductions were
also observed for the better hand (HR=0.72, p=0.046
and HR=0.65, p=0.014) and worse hand (HR=0.63,
p=0.005 and HR=0.60, p=0.004) (Figures 1 and S1),
although the effects were less pronounced. Additional
results based on the alternative best performance
method of calculating 9HPT were consistent with these
findings (Figure S2).

Among patients with abnormal BL 9HPT times, ocre-
lizumab significantly reduced the risk of 24-week CP
of =20% versus placebo for both hands (HR=0.54,
p=0.003) and worse hand (HR=0.64, p=0-021); for
better hand, the risk was numerically reduced but not
significant (HR=0.70, p=0.12) (Figure 1). Similar
results were observed on 12-week CP of =20% (both
hands: HR=0.56, p=0.003; worse hand: HR=0.61,
p=0.006; better hand: HR=0.83, p=0.38) (Figure
S1). Consistent directional trends favouring ocreli-
zumab were observed in other patient subgroups,
including those with normal BL 9HPT times and
patients with BL EDSS scores of <6 and =6 (Figures
1 and S1). Kaplan—Meier estimates of the proportion
of patients achieving CP of =20% in 9HPT time at
Week 120 are included in Table S3.

Time to more severe CP (=25%, =30% and

=35% increase) in Y9HPT time in the ITT

population

Post hoc assessments of more severe progression in UE
impairment included increases in 9HPT time of =25%,
=30% and =35%. In the placebo arm, the proportion of
patients achieving 24-week CP in 9HPT time for both
hands using these progressively higher thresholds was
19.3%, 16.4% and 13.1%, respectively, compared with
23.4% of patients using a threshold of =20% (Figure 2).
The risk of 24-week CP of =25% in 9HPT time was
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Table 1. Baseline 9HPT times in the analysis populations.

Placebo Ocrelizumab
Number of BL 9HPT time mean (SD), Number of BL 9HPT time mean (SD),
patients seconds patients seconds
ITT population
Both hands 244 30.6 (13.36) 488 31.86 (23.31)
Better hand 27.33 (11.45) 28.43 (20.87)
Worse hand 41.56 (43.90) 42.31 (49.98)
Patients with abnormal BL 9HPT time
Both hands 137 37.57 (14.19) 297 38.51(27.87)
Better hand 112 34.90 (13.08) 232 36.44 (28.006)
Worse hand 168 50.54 (50.40) 345 50.85(57.31)
Patients with normal BL 9HPT time
Both hands 107 21.69 (2.82) 191 21.53 (2.50)
Better hand 132 20.90 (2.75) 256 21.17 (2.63)
Worse hand 76 21.72 (2.81) 143 21.70 (2.51)
Patients with BL EDSS <6
Both hands 163 27.31 (9.40) 348 27.76 (10.03)
Better hand 24.68 (7.39) 25.18 (7.49)
Worse hand 36.63 (41.05) 34.92 (35.99)
Patients with BL EDSS =6
Both hands 81 37.22(17.23) 139 42.17 (38.92)
Better hand 32.65 (15.64) 36.59 (36.08)
Worse hand 51.48 (47.86) 60.90 (71.21)

9HPT: Nine-Hole Peg Test; BL: baseline; EDSS: Expanded Disability Status Scale; ITT: intention-to-treat; SD: standard deviation.

PBO OCR 600 mg
Total n % n % HR 95% CI p value
with with
OCR 600 mg better PBO better events events
- R 732 244 234 488 14-1 055 038-077 <0-001
BL 9HPT time |
Abnormal o ' 434 137 307 297 185 054 036-0-81 0-003
Normal : 298 107 14-0 191 73 0-48 023-1-0 0-051
_
Both hands
BLEDSS H
6 — e 220 81 35-8 139 245 0-67 0-40-1-12 0-12
6 ! 511 163 17-2 348 10-1 0-53 0-32-0-88 0014
T —_—— 732 244 22:1 488 15:6 0-65 0-46-0-92 0-014
BL 9HPT time 3
Abnormal —_——— 344 112 277 232 211 070 0-44-1-09 012
Better hand Normal ——h 388 132 17-4 256 10-5 058 0-33-1-02 0-058
BLEDSS :
6 — 220 81 333 139 245 069 0-41-1-16 016
<6 —_— 511 163 166 348 12:1 069 0-43-1-13 014
—
L 732 244 23 488 15 0-60 0-42-0-85 0-004
BL 9HPT time :
— i}
Abnormal : 513 168 274 345 191 064  044-093 0021
Worse hand ! 219 76 13-2 143 49 038 014-1-0 0-049
BLEDSS :
————————!
fg : 220 81 358 139 23:0 0-58 0-35-0-97 0036
—_—
: 511 163 166 348 11-8 0-68 0-42-1-10 012
01 1 17

Figure 1. Time to 24-week CP (=20% increase) in 9HPT time in the ITT population and subgroups of patients with
abnormal/normal 9HPT times at baseline, and patients with baseline EDSS <6 and =6.

HR derived from a Cox proportional hazards model stratified by region (USA vs rest of world) and age (<45, >45years).

9HPT: Nine-Hole Peg Test; BL: baseline; CP: confirmed progression; EDSS: Expanded Disability Status Scale; HR: hazard ratio; ITT:
intention-to-treat; OCR: ocrelizumab; PBO: placebo.
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PBO OCR 600 mg
Total n % n % HR 95% CI p value
with with
OCR 600 mg better PBO better events events
Threshold of
Progression

220% e 732 244 234 488 141 055 038-077 <0-001

>25% —— 732 244 193 488 107 051 0-34-0-75 <0-001

Both hands >30% ———— 732 244 164 488 92 051 0-34-0-79 0:002
>35% —_—— 732 244 131 488 84 0-59 0-37-0:94 0027

220% D 732 244 22:1 488 156 0-65 0-46-092 0-014

225% e 732 244 17:6 488 117 0-61 0-41-0-91 0-015

Better hand :

>30% ————— 732 244 143 488 102 0-66 0-43-1:02 0-064

>35% —— 732 244 131 488 84 0-60 0-38-0:96 0-033

220% ————— 732 244 23.0 488 15:0 0-60 0-42-0-85 0-004

225% —— 732 244 20-1 488 125 0-58 0-40-0-84 0-004

Worse hand >30% ——. 732 244 193 488 111 053  036-078  0-001
>35% _— 732 244 17:6 488 100 0-52 0-34-078 0-002

01 1 17

Figure 2. Time to more severe 24-week CP (=25%, =30% and =35% increase) in 9HPT time in the ITT population.
HR derived from a Cox proportional hazards model stratified by region (USA vs rest of world) and age (<45, >45 years). No

adjustments were made to account for multiplicity of testing.

9HPT: Nine-Hole Peg Test; BL: baseline; CP: confirmed progression; EDSS: Expanded Disability Status Scale; HR: hazard ratio; ITT:

intention-to-treat; OCR: ocrelizumab; PBO: placebo.

significantly reduced with ocrelizumab compared with
placebo for both hands (HR=0.51, p<<0.001), better
hand (HR=0.61, p=0.015) and worse hand (HR=0.58,
p=0.004) (Figure 2). At higher thresholds of progression
(=30% and =35% increases), the reduction in risk with
ocrelizumab versus placebo was significant for both
hands and worse hand; for better hand, the risk was
numerically reduced but not significant (Figure 2).
Similar patterns were observed in both placebo- and
ocrelizumab-treated patients with increasing thresholds
using the 12-week CP endpoint (Figure S3).

Time to CI (=15%, =20%) in Y9HPT time

Consistent trends directionally favoured ocrelizumab
versus placebo in an exploratory analysis of the time
to first event of 12- and 24-week CI in UE function, as
measured by decreases in 9HPT time (both hands) of
=15% and =20% in the ITT population (Table S4).
The effect of ocrelizumab, although not reaching sig-
nificance, was generally similar in patients with BL
9HPT time >25 seconds (Table S4).

Change in 9HPT time from BL to week 120
In the ITT population, the change in 9HPT time from
BL to Week 120 was significantly improved with

ocrelizumab compared with placebo across analyses
of both hands (difference in adjusted means (standard
error (SE)): —5.749 (1.720), p<0.001) and worse
hand (-7.572 (3.686), p=0.041), with a numerically
consistent trend for better hand (-3.671 (1.911),
p=0.056; Table 2). In patients with abnormal BL
9HPT times, the change in 9HPT time from BL to
Week 120 was significantly improved with ocreli-
zumab compared with placebo across analyses of
both hands (—10.765 (3.137), p<0.001), worse hand
(~11.900 (5.396), p=0.028) and better hand (—15.674
(6.576), p=0.021). In patients with normal BL 9HPT
times, patients with BL EDSS <6 and patients with
BL EDSS =6, the change in 9HPT time from BL to
Week 120 was directionally consistent and favoured
ocrelizumab across all analyses but reached statistical
significance only in the analysis of better hand for
patients with normal BL 9HPT time (-1.072 (0.486),
»=0.029) and both hands for patients with BL EDSS
<6 (-3.027 (1.053), p=0.004).

Discussion

In a chronic disease like PPMS that is typically diag-
nosed during the most productive years of the patient’s
life span, preservation of UE function is an important
therapeutic goal. In addition to its significant impact
on performance of routine daily activities — limiting
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patient independence and quality of life* — UE impair-
ment is also associated with greater unemployment,
resulting in a considerable economic burden.’
Findings from this analysis showed that ocrelizumab
mitigated progression of UE impairment in patients
with PPMS using the 9HPT.

The 9HPT is the most frequently used tool to assess
UE function in MS clinical trials. Furthermore,
changes in 9HPT performance are associated with
patient-rated daily life disability, highlighting its sig-
nificance as a patient-centred outcome.!? Various
approaches have been used to define thresholds for
UE dysfunction using the 9HPT.? In this exploratory
analysis of ORATORIO, impaired UE function was
defined as a 9HPT time of >25 seconds for both hands,
better hand and worse hand and was derived from nor-
mative data in a population with demographic charac-
teristics similar to those of the trial population. More
than 50% of ORATORIO participants met this crite-
rion at study entry, suggesting a high prevalence of UE
dysfunction in patients with PPMS.

Current evidence supports an increase of =20% as
the minimal threshold for detecting clinically mean-
ingful change on the 9HPT. Multiple studies have
shown that increases in 9HPT time of 15%—-20% cor-
relate with clinically meaningful changes on other
disability measures, including the EDSS, Guys
Neurological Disability Scale, Multiple Sclerosis
Impact Scale and patient perception of disability.>12 A
15%—-20% threshold is also robust in differentiating
patients with disability improvement or worsening
from stable patients, although a 20% cut-off is associ-
ated with a better signal-to-noise ratio and therefore
preferred in clinical studies.®!2 In this study, ocreli-
zumab significantly reduced the risk of CP of =20%
on the 9HPT in the ITT population based on the times
for both hands, worse hand, and better hand, with
optimal performance observed using the both hands
method. Results across patient subgroups with com-
promised UE function or walking impairment
(EDSS = 6) at BL were directionally consistent with
the ITT population. Patients in these subgroups may
stand to benefit the most from preserved or improved
UE function. Specifically, impairment in the upper
limbs is associated with considerable limitations on
performance of essential ADL, such as eating, per-
sonal hygiene and getting dressed;* furthermore, hand
function measured by the 9HPT has been strongly
correlated with measures of social engagement and
quality of life.*!7 In patients with restricted walking
ability, maintaining or improving UE function is par-
ticularly important as this can affect the ability to use
walking aids.'® Indeed, preservation of UE function

has been noted as one of the most important treatment
benefits in patients with MS, and potentially more
desirable than functional improvements in the lower
limbs.!? Although significance was not reached across
all subgroups, the numerical trends consistently
favoured ocrelizumab over placebo.

Post hoc analyses showed that ocrelizumab also
reduced more severe patterns of deterioration of UE
function, measured as 9HPT progression above
increasing thresholds of change (=25%, =30% and
=35%). Compared with the =20% threshold, ocreli-
zumab generally demonstrated a stronger treatment
effect for the more severe levels of progression; how-
ever, the event rates drop considerably with increas-
ing thresholds of change, reducing statistical power
and limiting interpretation of the results. Finally,
results for the change in 9HPT time from BL to Week
120 demonstrated a consistent beneficial effect of
ocrelizumab versus placebo, particularly in patients
who had abnormal 9HPT time at BL. These observa-
tions further support the other findings of this analysis
and highlight improved preservation of UE function
with ocrelizumab.

These results should be considered within some limita-
tions. All analyses were exploratory in nature, and no
adjustments were introduced for multiplicity of testing.
The subgroup analyses in patients with normal or
abnormal UE function or in patients with more
advanced disability status at EDSS =6.0 should be
considered hypothesis generating at best. The compre-
hensive benefit of ocrelizumab treatment in preventing
progression of UE impairment in patients with PPMS
needs to be further investigated in patients who are
wheelchair confined at an EDSS =7.0, where mainte-
nance of hand-arm function is of critical importance.

The findings presented further support the need to
use the 9HPT in routine clinical practice, particularly
for patients with progressive MS, as a fit-for-purpose
treat-to-target instrument to complete assessment of
the target disability picture. Along these lines, the
NEDA (no evidence of disease activity) outcome was
recently proposed to be expanded to NEPAD (no evi-
dence of progression and active disease), which inte-
grates measures of hand/arm function (9HPT) and
ambulation (timed 25-foot walk). Ocrelizumab was
shown to enhance the proportion of PPMS patients
achieving NEPAD by threefold compared with
placebo.20

Understanding the association between progressive
worsening of UE function as measured by 9HPT and
MRI measures of tissue damage/preservation in the
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central nervous system (CNS) requires further inves-
tigation. Based on cross-sectional analyses of patients
with progressive MS, worse performance on the
9HPT correlated with cortical grey matter volume
(¢cGMV) atrophy in Brodmann cortical area 442!
T2-weighted lesion volume and measures of tissue
integrity within T2 lesions, and fractional anisotropy
in the normal-appearing white matter (NAWM).2?
However, one may not draw causal inference from
cross-sectional findings.

We have previously shown that ocrelizumab reduced
the progression of hand/arm impairment as measured
by 12-week and 24-week CP =20%, both in PPMS
patients with and without BL MRI features of acute
inflammatory disease activity (T1 Gd-enhancing
lesions), by 58%-36% and 61%-37%, respec-
tively.'#23 In this analysis, the between-group differ-
ence in magnitude of ocrelizumab treatment did not
reach significance based on treatment by subgroup
interaction p-values,?? which suggests that the mecha-
nism of action of ocrelizumab in preventing UE dete-
rioration in progressive MS might be independent, at
least in part, from its potent effect to silence accumu-
lation of acute demyelinating lesions. Future analyses
of long-term outcomes are needed to elucidate the
relative importance of longitudinal change in regional
cGMYV versus chronic CNS axonal/myelin tissue loss
in NAWM, change in meningeal inflammation or
acute versus chronic white matter, and/or cortical
lesion activity to predict progressive worsening of UE
function as measured by 9HPT.
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