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ABSTRACT

BACKGROUND

Ofatumumab, a subcutaneous anti-CD20 monoclonal antibody, selectively depletes
B cells. Teriflunomide, an oral inhibitor of pyrimidine synthesis, reduces T-cell and
B-cell activation. The relative effects of these two drugs in patients with multiple
sclerosis are not known.

METHODS

In two double-blind, double-dummy, phase 3 trials, we randomly assigned patients
with relapsing multiple sclerosis to receive subcutaneous ofatumumab (20 mg every
4 weeks after 20-mg loading doses at days 1, 7, and 14) or oral teriflunomide (14 mg
daily) for up to 30 months. The primary end point was the annualized relapse rate.
Secondary end points included disability worsening confirmed at 3 months or
6 months, disability improvement confirmed at 6 months, the number of gado-
linium-enhancing lesions per T1-weighted magnetic resonance imaging (MRI) scan,
the annualized rate of new or enlarging lesions on T2-weighted MRI, serum neuro-
filament light chain levels at month 3, and change in brain volume.

RESULTS

Overall, 946 patients were assigned to receive ofatumumab and 936 to receive
teriflunomide; the median follow-up was 1.6 years. The annualized relapse rates
in the ofatumumab and teriflunomide groups were 0.11 and 0.22, respectively, in
trial 1 (difference, —0.11; 95% confidence interval [CI], —0.16 to —0.06; P<0.001)
and 0.10 and 0.25 in trial 2 (difference, —0.15; 95% CI, —0.20 to —0.09; P<0.001).
In the pooled trials, the percentage of patients with disability worsening con-
firmed at 3 months was 10.9% with ofatumumab and 15.0% with teriflunomide
(hazard ratio, 0.66; P=0.002); the percentage with disability worsening confirmed
at 6 months was 8.1% and 12.0%, respectively (hazard ratio, 0.68; P=0.01); and
the percentage with disability improvement confirmed at 6 months was 11.0% and
8.1% (hazard ratio, 1.35; P=0.09). The number of gadolinium-enhancing lesions per
T1-weighted MRI scan, the annualized rate of lesions on T2-weighted MRI, and
serum neurofilament light chain levels, but not the change in brain volume, were
in the same direction as the primary end point. Injection-related reactions occurred
in 20.2% in the ofatumumab group and in 15.0% in the teriflunomide group (pla-
cebo injections). Serious infections occurred in 2.5% and 1.8% of the patients in the
respective groups.

CONCLUSIONS

Among patients with multiple sclerosis, ofatumumab was associated with lower
annualized relapse rates than teriflunomide. (Funded by Novartis; ASCLEPIOS I
and II ClinicalTrials.gov numbers, NCT02792218 and NCT02792231.)
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OFATUMUMAB VS. TERIFLUNOMIDE IN MULTIPLE SCLEROSIS

HE PATHOPHYSIOLOGY OF MULTIPLE
sclerosis involves B cells. Anti-CD20 mono-
clonal antibodies that induce B-cell deple-
tion, such as rituximab and ocrelizumab, are ef-
fective disease-modifying therapies for multiple
sclerosis.’* Ofatumumab, a fully human antibody
that is used to treat chronic leukemia, binds to
a region distinct from that of other anti-CD20
antibodies, including the smaller and the larger
loop of CD20 receptors.’ In experimental models,
a high binding affinity and slow off-rate (slow
dissociation of the binding between ofatumumab
and the CD20 receptor in B cells) result in effi-
cient B-cell lysis, mediated through complement-
dependent and, to a lesser extent, antibody-depen-
dent cytotoxicity.’” In patients with multiple
sclerosis, ofatumumab can be given at lower
doses®’ than those studied in chronic lymphocytic
leukemia and rheumatoid arthritis,’*1? and ofatu-
mumab can be administered subcutaneously by
the patient after initial doses are given under
medical supervision.® Experimental models have
shown that there may be more direct access to
lymph nodes through the lymphatic system with
subcutaneous administration than with intrave-
nous infusion,®* but this has not been tested un-
der clinical conditions. On treatment cessation,
B-cell repletion and reconstitution of humoral im-
munity have been reported to occur faster with
ofatumumab than with other intravenously admin-
istered B-cell-targeted therapies.’>"
Teriflunomide, an oral disease-modifying ther-
apy for relapsing multiple sclerosis, inhibits py-
rimidine synthesis, reducing T-cell and B-cell
activation.’ According to the results of one com-
parative prospective trial* and a network meta-
analysis,” the efficacy of teriflunomide to reduce
annualized relapse rates is similar to that of in-
terferons and glatiramer acetate, but according to
observational studies**? it is probably inferior to
other oral and monoclonal antibody treatments
for multiple sclerosis. We report the results of two
phase 3, randomized, double-blind, double-dum-
my, active-controlled clinical trials of identical
design, which assessed the efficacy and safety of
subcutaneous ofatumumab as compared with oral
teriflunomide.

METHODS

TRIAL OVERSIGHT
The ASCLEPIOS I and II trials were designed by
the sponsor (Novartis Pharma) in consultation

with the steering committee. The investigators
collected data, which were analyzed by the spon-
sor. The investigators, the sponsor, and the steer-
ing committee were unaware of treatment as-
signments throughout the trials. An independent
data monitoring committee reviewed the safety
of treatment using regular analyses performed
by independent statisticians, who were not involved
in the conduct of the trials. The manuscript was
drafted with medical writing assistance funded
by the sponsor. All the authors, including those
employed by Novartis, had full access to the data
and were involved in the critical review of all
drafts of the manuscript. All the authors vouch
for the accuracy and completeness of the data,
the accurate reporting of adverse events, and the
fidelity of the trials to the protocols (available
with the full text of this article at NEJM.org).
There were confidentiality agreements in place
between the authors and the sponsor. Novartis
supplied the trial drugs and placebo. The trials
were conducted in accordance with the Interna-
tional Conference on Harmonisation guidelines
for Good Clinical Practice?® and the principles of
the Declaration of Helsinki.?* The protocol was
approved by an institutional review board or eth-
ics committee at each trial site. All the patients
or their legal representatives provided written in-
formed consent before commencing trial-related
procedures.

PATIENTS

Eligibility criteria at screening included an age of
18 to 55 years; a diagnosis of multiple sclerosis
(according to the 2010 revised McDonald criteria®)
with a relapsing-remitting course or a secondary
progressive course with disease activity (according
to the criteria of Lublin et al.*®); an Expanded Dis-
ability Status Scale (EDSS) score of 0 to 5.5 (scores
range from 0 to 10.0, with higher scores indicat-
ing greater disability?); at least one relapse in the
year before screening, at least two relapses in the
2 years before screening, or at least one lesion de-
tected with the use of gadolinium enhancement
(gadolinium-enhancing lesion) on magnetic reso-
nance imaging (MRI) in the year before random-
ization; and a neurologically stable condition for at
least 1 month before randomization. Key exclu-
sion criteria, including the use of previous dis-
ease-modifying treatments and the durations of
washout periods, are listed in the Additional
Methodology Details section and Table S1 in the
Supplementary Appendix, available at NEJM.org.
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TRIAL DESIGN

ASCLEPIOS I and II were randomized, double-
blind, double-dummy, active-controlled, multi-
center trials of identical design that were conduct-
ed concurrently. Patients, centers, and investigators
could participate in only one of the trials. The
trials featured a blinded sample-size reestima-
tion to adjust the sample size and trial duration
on the basis of a predefined overall minimum
event rate. Each trial was powered for the primary
end point (annualized relapse rate); the combined
trials provided the required sample size and power
for the preplanned meta-analysis of disability
worsening confirmed at 3 months or 6 months.
Eligible patients were randomly assigned in a 1:1
ratio through interactive response technology to
receive ofatumumab at a dose of 20 mg subcuta-
neously every 4 weeks after 20-mg loading doses
at days 1, 7, and 14 or oral teriflunomide at a
dose of 14 mg once daily, for up to 30 months.
Patients in the ofatumumab group also received
oral placebo and patients in the teriflunomide
group also received subcutaneous placebo corre-
sponding to the active drug in the other group.
Patients received their first subcutaneous injec-
tion at the trial site, which was administered by
a health care provider (investigator, trial nurse,
or trial coordinator). On days 7 and 14 and at
month 1, patients returned to the site to admin-
ister the injection themselves under the supervi-
sion of trial staff, who provided training on the
correct method. The patient’s ability to adminis-
ter the injection had to be demonstrated and
documented before administration at home after
month 1 was permitted. Randomization was strat-
ified according to geographic region and subtype
of multiple sclerosis. (For more on trial design,
see the Additional Methodology Details section
in the Supplementary Appendix.)

END POINTS

The primary end point was the annualized re-
lapse rate up to the end of the trial. The annual-
ized relapse rate was defined as the number of
confirmed relapses of multiple sclerosis per year,
according to prespecified criteria. Secondary clini-
cal end points were disability worsening confirmed
at 3 months, disability worsening confirmed at
6 months, and disability improvement (i.e., less-
ening of disability) confirmed at 6 months; a pre-
specified meta-analysis of these end points used
the combined data from both trials. Secondary

N ENGL ) MED 383;6

MRI end points included the number of gado-
linium-enhancing lesions per T1-weighted MRI
scan, the number of new or enlarging lesions on
T2-weighted MRI per year, and the annual rate of
brain-volume loss (see the protocols of the tri-
als). A secondary biomarker end point was the
serum neurofilament light chain concentration
at month 3 and beyond, analyzed centrally by
Navigate BioPharma using single-molecule-array
immunoassay technology. Exploratory secondary
end points included the relationship between
neurofilament light chain concentration at base-
line and the formation of new or enlarging le-
sions on T2-weighted MRI or brain-volume loss.
Adverse events were recorded at all visits and
graded according to the Common Terminology
Criteria for Adverse Events (CTCAE).”® (For more
on trial end points, see the Additional Methodol-
ogy Details section and Safety section in the Sup-
plementary Appendix.)

STATISTICAL ANALYSIS

We calculated that a sample size of 900 patients
per trial would provide greater than 90% power
in each trial to detect a 40% lower annualized
relapse rate with ofatumumab than with teriflu-
nomide. In the combined data from both trials,
a sample of 900 patients per trial (i.e. a total of
1800 patients) would provide 90% power and
80% power to detect a 38.6% lower risk of dis-
ability worsening confirmed at 3 months and at
6 months, respectively, with ofatumumab than
with teriflunomide. Sample size could be in-
creased to a maximum of 1250 patients per trial,
and the end of the trials was declared on the basis
of a statistical projection when sufficient events
had accumulated to power the analysis for the
primary end point and the two end points of dis-
ability worsening. (For details, see the statistical
analysis plan, available with the protocols at NEJM
.org, and the Statistical Analyses section in the
Supplementary Appendix.)

Efficacy analyses were carried out according
to the intention-to-treat principle. Data on the
annualized relapse rate were analyzed with the
use of a negative binomial-regression model, with
an offset for time spent in the trial in years to
adjust for varying treatment durations among
patients. The type I error was controlled by a sta-
tistical testing procedure, with seven prespecified
secondary end points tested; disability worsening
confirmed at 3 months or 6 months and disabil-
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Table 1. Demographic and Disease Characteristics of the Patients at Baseline (Full Analysis Set).*
Characteristic ASCLEPIOS | Trial ASCLEPIOS Il Trial
Ofatumumab Teriflunomide Ofatumumab Teriflunomide
(N=465) (N=462) (N=481) (N=474)
Age —yri 38.9+8.8 37.8+9.0 38.0+9.3 38.2+9.5
Female sex — no. (%) 318 (68.4) 317 (68.6) 319 (66.3) 319 (67.3)
Type of multiple sclerosis — no. (%)
Relapsing—remitting 438 (94.2) 434 (93.9) 452 (94.0) 450 (94.9)
Secondary progressive 27 (5.8) 28 (6.1) 29 (6.0) 24 (5.1)
Time since symptom onset —yr 8.36+6.84 8.18+7.21 8.20+7.40 8.19+7.38
Time since diagnosis — yr 5.77+6.05 5.64+6.20 5.59+6.38 5.48+6.00
No previous disease-modifying therapy — no. (%) 191 (41.1) 182 (39.4) 195 (40.5) 181 (38.2)
Previous disease-modifying therapy — no. (%)
Any interferon beta 189 (40.6) 193 (41.8) 197 (41.0) 193 (40.7)
Glatiramer acetate 124 (26.7) 106 (22.9) 118 (24.5) 149 (31.4)
Dimethyl fumarate 36 (7.7) 37 (8.0) 36 (7.5) 44 (9.3)
Teriflunomide 8 (1.7) 6 (1.3) 13 (2.7) 9 (1.9)
Daclizumab 5 (1.1) 12 (2.6) 8 (L.7) 7 (1.5)
Fingolimod 10 (2.2) 15 (3.2) 13 (2.7) 10 (2.1)
Natalizumab 31 (6.7) 36 (7.8) 26 (5.4) 20 (4.2)
Any B-cell therapy§ 2 (0.4) 3 (0.6) 0 0
Laquinimod 5 (1.1) 4(0.9) 2 (0.4) 7 (L5)
Other disease-modifying therapy€ 52 (11.2) 65 (14.1) 68 (14.1) 81 (17.1)
No. of relapses in previous 12 mo 1.2+0.6 1.3+0.7 1.3+0.7 1.3+0.7
No. of relapses in previous >12-24 mo 0.9+0.9 0.9+1.2 0.7+0.9 0.8+1.0
EDSS score| 2.97+1.36 2.94+1.36 2.90+1.34 2.86+1.37
No. of gadolinium-enhancing lesions per T1-weighted MRI scan 1.7+4.9 1.2+2.6 1.6+4.1 1.5+4.1
Absence of gadolinium-enhancing lesions on Tl-weighted MRI 291 (62.6) 293 (63.4) 270 (56.1) 291 (61.4)
—no. (%)
Volume of lesions on T2-weighted MRl — cm? 13.2+13.3 13.1+14.6 14.3+14.2 12.0+13.0
Neurofilament light chain concentration — pg/ml 13.3+13.2 11.7+9.3 14.7+18.2 13.4+14.0
Normalized brain volume — cm? 1439481 1442+79 144177 1446+77

* Plus—minus values are means +SD. Data on time since symptom onset were missing for 1 patient in the teriflunomide group in the
ASCLEPIOS Il trial. Data on the number of relapses in the previous more than 12 to 24 months were missing for 1 patient in each group in
the ASCLEPIOS Il trial. Data on the Expanded Disability Status Scale (EDSS) score were missing for 1 patient in the teriflunomide group in
each trial. Data on the number of gadolinium-enhancing lesions per Tl-weighted magnetic resonance imaging (MRI) scan were missing for
11 patients in the ofatumumab group and for 10 in the teriflunomide group in the ASCLEPIOS | trial and for 12 in the ofatumumab group
and 4 in the teriflunomide group in the ASCLEPIOS Il trial. Data on the volume of lesions on T2-weighted MRI were missing for 4 patients
in the ofatumumab group and for 5 in the teriflunomide group in the ASCLEPIOS | trial and for 8 in the ofatumumab group and 1 in the
teriflunomide group in the ASCLEPIOS Il trial. Data on neurofilament light chain concentration were missing for 18 patients in the ofatu-
mumab group and for 41 in the teriflunomide group in the ASCLEPIOS | trial and for 35 in the ofatumumab group and 42 in the terifluno-
mide group in the ASCLEPIOS Il trial. Data on normalized brain volume were missing for 5 patients in the ofatumumab group and for 8 in
the teriflunomide group in the ASCLEPIOS | trial and for 12 in the ofatumumab group and 1 in the teriflunomide group in the ASCLEPIOS I
trial.

T Age at baseline was calculated from the date of the first administration of trial drug and the birth year (no exact birth date was captured for
reasons of data privacy). Eligibility for trial entry was assessed at the screening visit.

i A patient could be counted in multiple categories.

§ In the ASCLEPIOS | trial, rituximab had been received by 1 patient in the teriflunomide group, and ocrelizumab had been received by 2 pa-
tients in the ofatumumab group and by 2 in the teriflunomide group.

9§ This category includes all medications that were recorded by the investigator as a disease-modifying therapy but were not included in the
listed medications.

| Scores on the Expanded Disability Status Scale (EDSS) range from 0 to 10.0, with higher scores indicating worse disability. The score at
baseline was defined as the score at the last assessment before the first dose administration of trial drug. Eligibility was assessed at the
screening visit.
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ity improvement confirmed at 6 months were
tested in preplanned meta-analyses of the com-
bined trials only if the primary null hypothesis
for the annualized relapse rate was rejected in
both trials independently. Other secondary end
points were tested in hierarchical sequential order
in each trial (number of gadolinium-enhancing
lesions per T1-weighted MRI scan, annualized
rate of new or enlarging lesions on T2-weighted
MRI, serum neurofilament light chain concen-
tration, and annual rate of brain-volume loss) as
long as all preceding null hypotheses could be
rejected (Fig. S1).

Data from disability-related end points were
analyzed with the use of a Cox proportional-
hazards model, stratified according to trial.
Numbers of gadolinium-enhancing lesions on
T1-weighted MRI and new or enlarging lesions
on T2-weighted MRI were assessed with the use
of negative binomial-regression models; for anal-
ysis of data on gadolinium-enhancing lesions on
T1-weighted MRI, the number of available MRI
scans was used as an offset; for lesions on T2-
weighted MRI, the time between the last available
scan and baseline scan was used as an offset.

Data on serum neurofilament light chain
concentration were analyzed with the use of a
repeated-measures model after log transforma-
tion of the data; the treatment effect is reported
as a percentage reduction in neurofilament light
chain concentration on the basis of the ratio of
geometric means (relative reduction in geometric
means with ofatumumab vs. teriflunomide). The
annual rate of brain-volume loss was estimated as
the marginal slope estimate from a random-coef-
ficient model with random intercept and slope
on the basis of assessments of the percentage
change from baseline in brain volume performed
at month 12, month 24, and at the end of the
trial. The primary end point and key secondary
end points used analysis methods that handle
missing data under missing-at-random assump-
tions. Empirical evidence for data missing at
random is presented in Table S2 and Figures S2
and S3, together with sensitivity analyses under
missing-not-at-random assumptions for the pri-
mary and key secondary disability-related end
points (Tables S3 and S4).

The safety population included all the patients
who received trial drugs. Safety data were col-
lected during the treatment period (screening to
end of trial) and the safety follow-up period until

0.13
<0.001
<0.001
<0.001

434
-0.35
(-0.42 to -0.29)
423
10.0
(9.7 to 10.4)
406
(9.1 to 10.0)
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9.0
(8.6 t0 9.4)

0.07 (~0.02 to 0.15)
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-0.29
(-0.35 to -0.23)
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8.9
(8.6109.2)
406
7.1
(6.8 o 7.4)
345
6.8
(6.5 t0 7.1)

0.12
0.01
<0.001
<0.001

409
-0.35
(-0.41 to -0.29)
404
9.4
(9.1109.8)
399
9
(9.2 t0 10.1)
350
9.0
(8.6 0 9.5)

0.07 (~0.02 to 0.15)

418
-0.28
(-0.34 to -0.22)
430
8.8
(8.5t09.1)
414
7.0
(6.7t07.3)
371
6.9
(6.6 0 7.2)

Annual rate of change (95% Cl) — %7
points

Geometric mean (95% Cl) — pg/ml
Geometric mean (95% Cl) — pg/ml
Geometric mean (95% Cl) — pg/ml

Difference (95% Cl) — percentage
No. of patients evaluated
No. of patients evaluated

No. of patients evaluated

No. of patients evaluated
brain volume performed at month 12, month 24, and the end of the trial.

Serum NfL concentration

Brain-volume change
At 3 mo

At 12 mo
At 24 mo

T The annual rate of brain-volume change was estimated according to the slope from a random-coefficient model, on the basis of assessment of the percentage change from baseline in

* All difference values, rate ratios, and hazard ratios are for ofatumumab compared with teriflunomide. Gd+ denotes gadolinium enhancing, and NfL neurofilament light chain.
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Figure 1 (facing page). Confirmed Disability Worsening
and Improvement.

Shown are Kaplan—Meier estimates of the percentages
of patients with disability worsening confirmed at

3 months (Panel A) and at 6 months (Panel B) and of
patients with disability improvement (i.e., lessening of
disability) confirmed at 6 months (Panel C) in time-to-
event analyses in the combined trial populations. Dis-
ability worsening confirmed at 3 months or 6 months
was defined as an increase from baseline in the Expand-
ed Disability Status Scale (EDSS) score (on a scale from
0 to 10.0, with higher scores indicating worse disability)
that was sustained for at least 3 or 6 months. For patients
with a baseline EDSS score of 0, an increase in the EDSS
score of at least 1.5 points was required; for patients
with a baseline EDSS score of 1.0 to 5.0, the criterion
was an increase of at least 1.0 point; and for patients
with a baseline EDSS score of at least 5.5 points, the cri-
terion was an increase of at least 0.5 points. Disability
improvement confirmed at 6 months was defined as a
decrease from baseline in the EDSS score that was sus-
tained for at least 6 months. For patients with baseline
EDSS scores of 2.0 to 6.0 points, a decrease of at least
1.0 point was required; for patients with baseline EDSS
scores of 6.5 to 9.0 points, a decrease of at least 0.5
points was required. The numbers shown on the curves
represent Kaplan—Meier estimates of the risk of the
event at 24 months (marked by the vertical dashed line).
The insets show the same data on an expanded y axis.

a patient’s last visit. After the last dose of trial
drug, patients were followed for at least 9 months.
Adverse events that occurred during the treatment
period were reported from the first dose and up
to 100 days (approximately 5 times the half-life
of ofatumumab) after permanent trial-drug dis-
continuation, and all serious adverse events that
were reported up to the last visit by the last patient
were analyzed. Safety end points are reported for
the individual and combined trials.

RESULTS

PATIENTS

From October 2016 through March 2018, a total
of 1882 patients were enrolled at 385 sites in 37
countries: 927 in ASCLEPIOS I (465 assigned to
ofatumumab and 462 to teriflunomide) and 955
in ASCLEPIOS 1II (481 assigned to ofatumumab
and 474 to teriflunomide). The median time in
trial was 1.6 years (1.5 years in ASCLEPIOS I and
1.6 years in ASCLEPIOS II). More than 30% of the
patients had a time in trial longer than 2 years
(Table S2). Individual times in trial and times to
trial-drug discontinuation and trial discontinua-

tion are presented in Figures S2 and S3. The
demographic and disease characteristics of the
patients at baseline were similar in the two tri-
als and in the treatment groups (Table 1). In
ASCLEPIOS I, the trial was completed by 89.5%
of the patients in the ofatumumab group and by
81.4% of those in the teriflunomide group. In
ASCLEPIOS II, the corresponding percentages
were 82.5% and 82.1%. Screening, randomization,
and follow-up are summarized in Figure S4.

EFFICACY

Primary End Point

In ASCLEPIOS I, the adjusted annualized relapse
rate was 0.11 with ofatumumab and 0.22 with
teriflunomide (difference, —0.11; 95% confidence
interval [CI], —0.16 to —0.06; P<0.001). The cor-
responding rates in ASCLEPIOS II were 0.10 and
0.25 (difference, —0.15; 95% CI, —0.20 to —0.09;
P<0.001) (Table 2).

Disability-Related End Points

In the meta-analysis of both trials, the percentage
of patients (Kaplan—Meier estimate at month 24)
with disability worsening confirmed at 3 months
was 10.9% with ofatumumab and 15.0% with
teriflunomide (hazard ratio, 0.66; 95% CI, 0.50
to 0.86; P=0.002) (Fig. 1A and Table 2). The per-
centage of patients with disability worsening con-
firmed at 6 months was 8.1% with ofatumumab
and 12.0% with teriflunomide (hazard ratio, 0.68;
95% CI, 0.50 to 0.92; P=0.01) (Fig. 1B and Table 2).
Corresponding percentages of patients with dis-
ability improvement confirmed at 6 months from
both trials were 11.0% with ofatumumab and
8.1% with teriflunomide (hazard ratio, 1.35;
95% CI, 0.95 to 1.92; P=0.09) (Fig. 1C and Ta-
ble 2). The effect of ofatumumab on confirmed
disability worsening was consistent across the
two trials, as was the absence of a significant
between-group difference in confirmed disabil-
ity improvement (Table 2).

MRI-Related End Points

In ASCLEPIOS I, the mean number of gadolinium-
enhancing lesions per Tl-weighted MRI scan
was 0.01 with ofatumumab and 0.45 with teri-
flunomide (97% lower number of lesions with
ofatumumab, P<0.001); in ASCLEPIOS II, the cor-
responding numbers were 0.03 and 0.51, respec-
tively (94% lower with ofatumumab, P<0.001)
(Table 2). In ASCLEPIOS I, the mean number of
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new or enlarging lesions per year on T2-weighted
MRI was 0.72 with ofatumumab and 4.00 with
teriflunomide (82% lower number of lesions with
ofatumumab, P<0.001); corresponding values in
ASCLEPIOS II were 0.64 and 4.15, respectively
(85% lower with ofatumumab, P<0.001) (Table 2
and Table S5). The annual rate of brain-volume
loss did not differ significantly between the ofa-
tumumab group and the teriflunomide group
(-0.28% with ofatumumab and -0.35% with
teriflunomide in ASCLEPIOS I and —0.29% with
ofatumumab and —0.35% with teriflunomide in
ASCLEPIOS 1II) (Table 2 and Fig. S5).

Serum Neurofilament Light Chain Concentration

In ASCLEPIOS 1, the serum neurofilament light
chain concentration was lower in the ofatumu-
mab group than in the teriflunomide group by
7% at month 3 (P=0.01), by 27% at month 12,
and by 23% at month 24. Corresponding differ-
ences in ASCLEPIOS II were 11% (P<0.001), 26%,
and 24% (Table 2 and Fig. S6). Adjusted annual-
ized mean rates of new or enlarging lesions on
T2-weighted MRI according to quartiles of neu-
rofilament light chain concentration at baseline
are presented in Table S6 and Figure S7.

SAFETY

Adverse Events

Adverse events up to 100 days after the last ad-
ministration of a trial drug, serious adverse events
up to the last visit by the last patient, adverse
events leading to treatment discontinuation, and
deaths are summarized in Table 3. In the com-
bined analyses, 791 of 946 patients (83.6%) in the
ofatumumab group reported an adverse event, as
compared with 788 of 936 patients (84.2%) in
the teriflunomide group. Adverse events that oc-
curred in at least 10% of the patients treated with
ofatumumab were injection-related reactions, na-
sopharyngitis, headache, injection-site reaction,
upper respiratory tract infection, and urinary tract
infection; events that occurred in at least 10% of
those treated with teriflunomide were nasophar-
yngitis, injection-related reactions, alopecia, upper
respiratory tract infection, headache, and diarrhea
(Table S7). Serious adverse events were reported in
9.1% of the patients treated with ofatumumab
and 7.9% of those treated with teriflunomide. One
death occurred in the teriflunomide group (aortic
dissection) during the post-treatment follow-up
period.

N ENGL ) MED 383;6

Infections

Infections and infestations were reported in 488
patients (51.6%) who received ofatumumab and
493 (52.7%) who received teriflunomide. Infec-
tions reported in 10% or more of the patients in
either group across both trials were nasopharyn-
gitis (18.0% with ofatumumab and 16.7% with
teriflunomide), upper respiratory tract infection
(10.3% and 12.8%, respectively), and urinary tract
infection (10.3% and 8.3%, respectively). The per-
centage of patients who reported a serious infec-
tion was 2.5% with ofatumumab and 1.8% with
teriflunomide. The percentage of patients who
reported a herpesvirus-associated infection was
4.9% in the ofatumumab group and 4.2% in the
teriflunomide group. All herpesvirus-associated
infections were mild (CTCAE grade 1) or moder-
ate (grade 2), resolved while patients continued
therapy, and did not lead to treatment discon-
tinuation. Bronchitis was reported in 2.5% of the
patients treated with ofatumumab and in 3.5%
of those treated with teriflunomide; correspond-
ing percentages for pneumonia were 0.3% and
0.7%, respectively. Appendicitis was reported in
8 patients who received ofatumumab and in 2 who
received teriflunomide. No opportunistic infec-
tions were reported (Table S7).

Injection-Related Reactions

At least one injection-related systemic reaction,
defined as systemic reactions occurring within
24 hours after injection (see the list of symptoms
in the Safety section in the Supplementary Ap-
pendix), was reported in 20.2% of the patients
who received ofatumumab and in 15.0% of those
given placebo injections in the teriflunomide
group (for details on injection-related premedi-
cation, see Tables S8 and S9). Injection-site reac-
tions occurred in 10.9% and 5.6% of patients who
received ofatumumab or placebo injections, re-
spectively. Most injection-related systemic reactions
(e.g., headache, flushing, and “other”) occurred
at the first injection (14.4% and 7.5% among the
patients who received ofatumumab or placebo-
dummy injections, respectively) (Fig. S8), were mild
or moderate (grades 1 or 2), and were managed
without treatment. Two severe (grade 3) injec-
tion-related systemic reactions were reported in
the ofatumumab group (0.2%), one of which led
to drug discontinuation after the first injection
(0.1%). No life-threatening or anaphylactoid in-
jection-related reactions (grade 4) were reported.
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After the fourth injection, 74.4% of patients ad-
ministered ofatumumab at home.

Other Safety Findings

Five neoplasms (0.5%) occurred in the ofatu-
mumab group (two cases of basal-cell carcino-
ma and one case each of malignant melanoma
in situ, recurrent non-Hodgkin’s lymphoma, and
invasive breast carcinoma) and four (0.4%) in the
teriflunomide group (two cases of basal-cell car-
cinoma and one case each of cervix carcinoma
and fibrosarcoma) (Table 3). Findings regarding
B-cell depletion and antidrug-binding antibodies
are reported in Figures S9 through S11.

DISCUSSION

In these two simultaneously conducted active-
controlled trials involving patients with relaps-
ing multiple sclerosis, both ofatumumab and
teriflunomide were associated with low relapse
rates. The relapse rate was significantly lower
with ofatumumab than with teriflunomide in
each of the two trials. In a prespecified meta-
analysis of both trials, the percentages of patients
with disability worsening confirmed at 3 months
or 6 months were lower with ofatumumab than
with teriflunomide, but the groups did not differ
significantly with respect to confirmed disabili-

Table 3. Adverse Events (Safety Population).*
Variable ASCLEPIOS | Trial ASCLEPIOS Il Trial
Ofatumumab Teriflunomide Ofatumumab Teriflunomide
(N =465) (N=462) (N=481) (N=474)
number of patients (percent)
Any adverse event 382 (82.2) 380 (82.3) 409 (85.0) 408 (86.1)
Adverse event leading to treatment 27 (5.8) 24 (5.2) 27 (5.6) 25 (5.3)
discontinuation

Infection 229 (49.2) 238 (51.5) 259 (53.8) 255 (53.8)

Injection-related systemic reactiony 75 (16.1) 76 (16.5) 116 (24.1) 64 (13.5)

Serious adverse event 48 (10.3) 38 (8.2) 38 (7.9) 36 (7.6)
Serious infection:: 12 (2.6) 7 (1.5) 12 (2.5) 10 (2.1)
Serious injection-related reaction 2 (0.4) 0 0 0
Neoplasm§ 3 (0.6) 3 (0.6) 2 (0.4) 1(0.2)

Death 0 0 0 1(0.2)9

* Shown is the number of patients with at least one event and the percentage of all patients in each group. Adverse

§

events were coded according to the preferred terms in the Medical Dictionary for Regulatory Activities, version 20.0.
Relapses of multiple sclerosis that were reported as adverse events were excluded.

Only reactions or symptoms that occurred within 24 hours after injection are included (i.e., time to onset of reaction,
<24 hours).

: Serious infections and infestations that were reported in the ofatumumab group were appendicitis (in 8 patients), gas-

troenteritis (in 3), urinary tract infection (in 3), influenza (in 2), and cystitis, escherichia urinary tract infection, kidney
infection, lower respiratory tract infection, neutropenic sepsis, osteomyelitis, pneumonia, upper respiratory tract infec-
tion, urosepsis, and viral respiratory tract infection (in 1 patient each). Serious infections and infestations that were
reported in the teriflunomide group were appendicitis (in 2 patients), urinary tract infection (in 2), and abscess of the
sweat glands, campylobacter infection, cystitis, influenza pneumonia, osteomyelitis, paronychia, peritonitis, pneumo-
nia, postoperative abscess, salpingo-oophoritis, sepsis, tickborne viral encephalitis, and viral infection (in 1 patient
each).

Neoplasms that were reported in patients receiving ofatumumab were one case of malignant melanoma in situ (time
to onset, 39 days), one case of invasive breast carcinoma (time to onset, 149 days), one case of recurrent non-Hodg-
kin's lymphoma (time to onset, 31 days), and two cases of basal-cell carcinoma (time to onset, 120 and 258 days).
Neoplasms that were reported in patients receiving teriflunomide were one case of fibrosarcoma (time to onset, 652
days), one case of cervix carcinoma (time to onset, 341 days), and two cases of basal-cell carcinoma (time to onset, 8
and 401 days). None of the malignant events were considered by the investigator to be related to trial treatment, and
no cluster of neoplasms was identified.

9 The cause of death was aortic dissection.
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ty improvement. The results of these trials do
not permit any inferences to be made about the
efficacy of ofatumumab as compared with other
drugs for multiple sclerosis that are considered
to be more potent than teriflunomide.

Ofatumumab was also superior to terifluno-
mide in suppressing lesion activity on MRI. Le-
sion counts on MRI in the teriflunomide groups
were higher than those previously reported in
one phase 3 trial of teriflunomide as compared
with placebo, which suggests a population with
more disease activity overall in the ASCLEPIOS
trials, differences in the assessment methods used
at the MRI analysis centers,” or both. Ofatumu-
mab lowered serum concentrations of neurofila-
ment light chain, a marker of neuroaxonal dam-
age.® However, despite greater reductions in
neurofilament light chain concentrations with
ofatumumab than with teriflunomide, change in
brain volume did not differ significantly between
the two treatments. This discrepancy between
two markers of tissue damage needs further
analysis. Ofatumumab lowered B-cell numbers
during the 4-week loading regimen, and the initial
B-cell depletion was maintained by monthly in-
jections.

Injection-related reactions were more frequent
with ofatumumab than with placebo injections in
the teriflunomide group, particularly with the
first injection. Premedication was used for the
first injection by less than 70% of the patients,
with decreasing usage thereafter. The reason for
the observed imbalance in appendicitis as an ad-

verse event with ofatumumab is unknown, and
no signal for appendicitis has been observed with
ofatumumab treatment in phase 2 studies in mul-
tiple sclerosis and other autoimmune indica-
tions®1? or with other anti-CD20 therapies in
multiple sclerosis.’?

Ofatumumab was associated with lower an-
nualized relapse rates than teriflunomide and
showed benefit with respect to most secondary
clinical and MRI end points but not confirmed
disability improvement. Ofatumumab was asso-
ciated with a higher frequency of injection-relat-
ed systemic reactions, predominantly with the
first injection, than was placebo injection. Larger
and longer trials are required to determine the
long-term effect and risks of ofatumumab as com-
pared with other disease-modifying treatments,
including other anti-CD20 monoclonal antibodies.
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