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Abstract

Background: EXTEND (NCT01797965), an open-label extension study, evaluated the safety
and efficacy of daclizumab beta in participants with relapsing multiple sclerosis (MS] who had
completed the randomized DECIDE study.

Methods: Eligible participants who received either daclizumab beta or interferon beta-1a

in DECIDE received daclizumab beta 150 mg subcutaneously every 4 weeks for up to Syears
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phase IIb [SELECT* (NCT00390221)] and piv-
otal phase III [DECIDE> (NCT01064401)] clini-
cal trials.%7

DECIDE was a randomized trial comparing the
efficacy and safety of daclizumab beta with intra-
muscular (IM) interferon (IFN) beta-la over a
period of 2—3years.> In DECIDE, daclizumab beta
administered subcutaneously (SC) every 4weeks
for 2—-3 years demonstrated superior efficacy versus
IM IFN beta-1a in reducing clinical and radiologi-
cal disease activity in patients with relapsing MS
(RMS).> Compared with IM IFN beta-1a, dacli-
zumab beta reduced the annualized relapse rate
(ARR) by 45% (p<<0.001) and the number of
new/newly enlarging T2 hyperintense lesions at
week 96 by 54% (p<<0.001).5 A higher incidence
of infections, serious infections, cutaneous adverse
events (AEs), serious cutaneous AEs, hepatic AEs
(including transaminase elevations), and serious
hepatic AEs was observed in patients treated with
daclizumab beta versus IM IFN beta-1a.>

In February 2013, enrollment began for the clinical
trial EXTEND® (NCT01797965), an open-label
extension study (for up to 5years) to evaluate the
long-term safety and efficacy of daclizumab beta
monotherapy in participants with MS who had
completed DECIDE. Participants with RMS who
transitioned from SELECTED® (NCT01051349;
an open-label 3-year extension study of the parent
study SELECT) or OBSERVE!? (NCT01462318;
a phase III open-label study to assess the immuno-
genicity of daclizumab beta), were eligible to enroll
in EXTEND. The majority (80%) of participants
in EXTEND had transitioned from DECIDE.

During the course of EXTEND, the European
Medicines Agency (EMA) Pharmacovigilance
Risk Assessment Committee conducted a review
of the hepatic effects of daclizumab beta following
a case report of fatal fulminant liver failure in a
patient with MS who had been treated as part of
an ongoing phase IV observational study in the
European Union.!! In October 2017, following a
reassessment of its benefit-risk profile, the EMA
recommended that daclizumab beta be restricted
to patients who had an inadequate response to at
least two DMTs and could not be treated with
any other DMTs.12 Given the nature and com-
plexity of AEs being reported, in the sponsors’
assessment, it was not possible to characterize the
evolving benefit-risk profile of daclizumab beta in
the limited number of patients being treated,®!3

and the sponsors voluntarily withdrew worldwide
marketing authorizations for daclizumab beta on
2 March 2018.1%15 Although daclizumab beta is
no longer commercially available for the treat-
ment of RMS, it is important to disseminate the
final long-term safety and efficacy findings from
EXTEND to provide context to what we have
learned from daclizumab beta regarding the inter-
play between innate and adaptive immunity in
RMS.16 Here we report the safety and efficacy
outcomes in participants who transitioned to
EXTEND from DECIDE:> one group received
continuous daclizumab beta treatment for up to
8years throughout DECIDE and EXTEND, and
the other group received daclizumab beta up to
5years in EXTEND after switching from IFN
beta-1a in DECIDE.

Methods

Study design

EXTEND was an open-label, long-term extension
study to evaluate the safety and efficacy of dacli-
zumab beta in participants with RMS who had
completed DECIDE or who transitioned from the
SELECTED or OBSERVE daclizumab studies.
The primary endpoint was the incidence of AEs
and serious AEs (SAEs). Secondary endpoints
included clinical outcomes [proportion of partici-
pants who were relapse free, confirmed disability
progression (CDP) that was sustained for 24 weeks],
and magnetic resonance imaging (MRI) outcomes
[number of gadolinium-enhancing (Gd™") lesions,
new/newly enlarging T2 hyperintense lesions, new
T1 hypointense lesions]. A complete list of second-
ary endpoints and a summary table of MRI meth-
ods are provided in the online supplement.

The analyses reported herein are limited to partici-
pants who were initially enrolled in DECIDE.
Data from the SELECTED and OBSERVE trials
were not included in the analysis for this paper due
to differences in treatment regimens, doses, and
duration, relative to DECIDE. Full details of the
DECIDE study design have previously been pub-
lished.> Briefly, participants with active RMS who
met key eligibility criteria were randomly assigned
1:1 to receive daclizumab beta 150mg SC every
4weeks or IM IFN beta-1a 30ug once weekly for
=96 weeks, and up to 144weeks (or until the last
enrolled participant completed the week 96 study
visit, whichever came first).> Participants who
received either daclizumab beta or IM IFN
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DECIDE EXTEND®
Double-blind, randomized 1:1 Open-label, long-term extension
96—-144 weeks? 240 weeks
DAC beta
150 mg SC every 4 weeks DAC beta
n=919 150 mg SC every 4 weeks Postdose safety
N=1203 > follow-up
24 weeks
IFN beta-1a Continuous DAC beta, n = 606
30 pg IM every week IFN/DAC beta, n = 597
n=922

Figure 1. EXTEND study design.

2ln DECIDE, participants with MS who met key eligibility criteria were randomly assigned 1:1 to receive DAC beta 150 mg SC
every 4weeks or IM IFN beta-1a 30ug once weekly for =96 weeks and up to 144 weeks (or until the last enrolled participant

completed the week 96 study visit, whichever came first).

bApproximately 300 participants who transitioned from the long-term, open-label SELECTED'? extension study and the
open-label OBSERVE'® immunogenicity and pharmacokinetics study entered EXTEND at week 144. This paper reports
only on participants who enrolled from DECIDE; it does not include data from those who transitioned from SELECTED or

OBSERVE.

DAC, daclizumab; IFN, interferon; IM, intramuscular; MS, multiple sclerosis; SC, subcutaneous.

beta-1a in DECIDE were eligible to enroll in
EXTEND and received open-label daclizumab
beta 150mg SC every 4weeks for up to 5years.
EXTEND consisted of a 240-week treatment
period followed by 24 weeks of post-dosing follow-
up (Figure 1). The EXTEND protocol, which was
amended five times (Supplemental Table 2), was
approved by the relevant Ethics Committees (ECs)
or Institutional Review Boards (IRBs; full list of
EC/IRB names and approval numbers is available
upon request). The study was conducted in
accordance with the Declaration of Helsinki and
the International Conference on Harmonisation
guidelines on Good Clinical Practice. All partici-
pants provided written informed consent.

Patients

To be eligible for EXTEND, participants must
have either enrolled in DECIDE and completed
2-3years of treatment with daclizumab beta or
IM IFN beta-la (week 96 or week 144 study
visit), or transitioned from SELECTED or
OBSERVE. Participants were excluded from the
study if they: (a) permanently discontinued study
treatment in DECIDE or terminated the study
prematurely; (b) experienced a significant change
in medical history that precluded administration
of daclizumab beta; (c) had any other medical
condition that, based on the opinion of the inves-
tigator, precluded participation in the study; or
(d) were taking a protocol-defined prohibited
concomitant therapy during DECIDE.

During the course of EXTEND, daclizumab beta
received regulatory approval and was commer-
cialized in several countries that were part of the
study. As per the study protocol, all participants
in those countries were considered to have com-
pleted study treatment on regulatory approval
and commercial availability of daclizumab beta in
their country, except in the United Kingdom,
where this requirement was removed in an April
2013 protocol amendment. In March 2018, the
last participant was dosed in EXTEND and the
study was closed by the sponsors.!>

Assessments

Safety. For the purpose of this report, the safety
population consisted of all who participated in
DECIDE and had received at least one dose of
daclizumab beta during EXTEND. The treat-
ment period referred to the time between the first
dose date in EXTEND and the date of the last
available measurement prior to the 180 days after
the last dose in EXTEND. As per the study pro-
tocol, all remaining participants at the time of ter-
mination of dosing were to remain in the study for
a 6-month follow-up period, which the last par-
ticipants completed in September 2018.

In both DECIDE and EXTEND, liver function
tests [LFTs; alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phos-
phatase, total bilirubin, and gamma-glutamyl-
transferase (GGT)] were performed every 4 weeks.
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Results from an LFT performed within the proto-
col-defined window (7 days for DECIDE; 32 days
for EXTEND) had to meet protocol-defined
acceptable limits before the next dose of dacli-
zumab beta could be administered.

In DECIDE, daclizumab beta treatment was tem-
porarily suspended if a participant developed ALT
or AST elevations >3 X the upper limit of normal
(ULN) or total bilirubin >2 X ULN and could not
resume until both resolved. Participants who sus-
pended treatment for =8weeks due to abnormal
LFTs were permanently discontinued from further
daclizumab beta dosing. The protocol for
EXTEND was amended in 2017 to revise the cri-
teria for discontinuation; previously, the criteria for
discontinuation were similar to those in DECIDE.
Daclizumab beta treatment was temporarily sus-
pended if a participant had ALT or AST elevations
>3 to <5 X ULN and total bilirubin <2 X ULNj;
dosing could resume if a subsequent LFT showed
ALT or AST <2 X ULN and the criteria for per-
manent discontinuation were not met. Daclizumab
beta was permanently discontinued if a participant
had ALT or AST elevations that were >5 X ULN
and confirmed by a repeat test, or >3 X ULN with
concomitant bilirubin >2 X ULN. Participants
with treatment suspension or discontinuation were
tested at least weekly until the LFT elevation
resolved.

AEs and SAEs, coded using the Medical Dictionary
for Regulatory Activities (MedDRA) system organ
class (SOC), were monitored throughout the study.
Hepatic AEs were defined using a standardized
MedDRA query (SMQ) for drug-related hepatic
disorders that included the SOC terms hepatobil-
iary disorders, investigations (also referred to as
laboratory abnormalities), and benign and malig-
nant neoplasms. Treatment-emergent AEs included
any event that occurred or worsened in severity after
the onset of treatment. AE severity and relatedness
to study treatment were assessed by the investigator.
The incidence of AEs, SAEs, and selected AEs of
special interest (AESIs; hepatic AEs, infections,
cutaneous AEs, lymphadenopathy events, and oth-
ers) were summarized.

Efficacy. Relapses were defined as new or recur-
rent neurological symptoms not associated with
fever or infection, lasting =24h, and accompa-
nied by new objective neurological findings on
examination by a neurologist. Participant perfor-
mance on the Expanded Disability Status Scale

(EDSS) was assessed at baseline and then every
12weeks in DECIDE; and at baseline, week 12,
week 24, and every 24weeks thereafter in
EXTEND until week 240. CDP was defined as a
=1.0-point increase in EDSS score from a base-
line score of =1.0 that was sustained for 24 weeks,
or a =1.5-point increase in EDSS score from a
baseline score of 0 that was sustained for 24 weeks.
MRI outcomes (number of Gd* lesions, new/
newly enlarging T2 hyperintense lesions, and new
T1 hypointense lesions) were evaluated at base-
line, week 24, week 96, and week 144 in DECIDE;
and at baseline, week 48, and then every 48 weeks
therafter to week 144 in EXTEND.

Statistical analyses

Safety analyses included all participants who
received at least one dose of daclizumab beta as
part of DECIDE or who switched from IM IFN
beta-1a in DECIDE and received at least one dose
of daclizumab beta in EXTEND. Safety data,
including AEs and laboratory values, collected
between the first dose date of daclizumab beta and
up to 180days after the last daclizumab beta dose
date were considered in the safety analysis.

For efficacy analyses in EXTEND, the propor-
tion of participants who were relapse free and the
proportion who had 24-week CDP were analyzed
in the intention-to-treat (ITT) population (includ-
ing all those who received at least one dose of
daclizumab beta in DECIDE) over the combined
treatment period. The effects of continuous dacli-
zumab beta treatment versus switching treatment
(IM IFN beta-1a in DECIDE to daclizumab beta
in EXTEND) were also assessed. ARR and MRI
outcomes were analyzed in participants who com-
pleted DECIDE and received at least one dose of
daclizumab beta in EXTEND (DECIDE-
EXTEND ITT population), as new events were
captured on a yearly basis. The adjusted ARR was
estimated from a Poisson regression model
adjusted for a history of prior IFN beta-1a use at
DECIDE baseline, the number of relapses in the
year prior to first dose in EXTEND, EDSS score
(=2.5 versus >2.5) and age (<35 versus >35years)
at EXTEND baseline. The proportion of partici-
pants who were relapse free and the proportion
with 24-week CDP were estimated using the
Kaplan—-Meier method. The number of new/
newly enlarging T2 hyperintense lesions (or new
T1 hypointense lesions, for T1 analyses) was
estimated using a negative binomial regression
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1841 participants randomized in DECIDE
(IFN beta-1a, n = 922; daclizumab beta, n = 919)

1297 participants completed treatment in DECIDE
(IFN beta-1a, n = 644; daclizumab beta, n = 653)

Enrolled in EXTEND (DECIDE-EXTEND ITT)
n= 12042

IFN/DAC beta group

Continuous DAC beta group

n =597
Discontinued treatment
n =536
AE 105 (18%)
Lost to follow-up 5 (<1%)
Consent withdrawn 93 (16%)
Investigator decision 28 (5%)
Death 1(<1%)
Disease progression, as 2 (<1%)
defined by protocol
Early study termination 302 (51%)

y

n =607
Discontinued treatment
n =557

AE 130 (21%)
Lost to follow-up 2 (<1%)
Consent withdrawn 75 (12%)

> Investigator decision 20 (3%)
Death 4 (<1%)
Disease progression, as 1 (<1%)
defined by protocol
Early study termination 325 (54%)

A 4

Completed treatment
n=61

Completed treatment
n=49

Discontinued study

= o
AE n=5492%) 104 (17%)

Lost to follow-up 9 (2%)
Consent withdrawn 130 (22%)
Investigator decision 21 (4%)
Death 2 (<1%)
Disease progression, as 3 (<1%)

defined by protocol

Early study termination 280 (47%)

A 4

Discontinued study

- o
AE n=569(94%) 129 (21%)

Lost to follow-up 8 (1%)
Consent withdrawn 117 (19%)

» | Investigator decision 15 (2%)

"| Death 4 (<1%)
Disease progression, as 1 (<1%)
defined by protocol
Early study termination 295 (49%)

A 4

Completed study
n=48

Completed study
n=238

Figure 2. Disposition of participants in the EXTEND study.
AE, adverse event; DAC, daclizumab; IFN, interferon; ITT, intention-to-treat.
a0ne participant assigned to the Continuous DAC beta group discontinued before receiving treatment in EXTEND.

model, including the prior treatment group in the
DECIDE study, and was adjusted for the volume
of T2 hyperintense lesions (or T1 hypointense
lesions, for T1 analyses) at EXTEND baseline, a
history of prior IFN beta-1a use at DECIDE
baseline, and age (<35 wversus >35years) at
EXTEND baseline.

In this report, subsequent descriptions pertaining
to the DECIDE-EXTEND ITT population will
be referred to as DECIDE-EXTEND.

Results

Patients

Of the 1841 participants who underwent ran-
dom assignment in DECIDE (IM IFN beta-1a,
n=922; daclizumab beta, n=919; DECIDE ITT

population),> 1297 completed treatment, and 1203
enrolled and received at least one dose of dacli-
zumab beta in EXTEND (Figure 2). The first par-
ticipant was dosed with study treatment on 15
February 2013 and the last participant’s last study
visitin EXTEND was 24 September 2018. Baseline
participant demographics in DECIDE-EXTEND
are shown in Table 1.2 As a result of the EMA
recommendations in 2017 that restricted the indi-
cation for daclizumab beta to patients who had
failed at least two other DMTs and could not be
treated with any other DMT,!2 the participant pop-
ulation in EXTEND no longer reflected the patient
population for the modified indication for dacli-
zumab beta. In January 2018, EXTEND was ter-
minated by the sponsors ahead of schedule,® to
limit daclizumab beta-related clinical and data gen-
eration activities to the MS patient populations that
were consistent with the approved indications
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Table 1. Baseline patient demographics and disease characteristics in the safety population.?

Characteristic

IFN/DAC beta,” n=597

Continuous DAC beta,cn=606 Total, N=1203

Age, median (range), years

Female, n (%)

No. of DAC beta doses in combined study

39.0 (20-57)
394 (66)
39.9 (16.8)

populations, mean (SD)

No. of relapses in prior year, mean (SD)

Range

EDSS score, mean (SD)

<2.5, n (%)

>2.5, n (%)

Total no. of Gd* lesions, mean (SD)

Total no. of T2 hyperintense lesions, mean (SD)

Total no. of T1 hypointense lesions, mean (SD)

0.4 (0.63)
0-4
2.50 (1.47)
360 (60)
237 (40)
1.0(3.09)

62.7 (48.8)
38.6 (38.7)

36.0 (18-55) 37.0 (18-57)
400 (66) 794 (66)
69.2 (18.8) 54.7 (23.1)
0.2 (0.50) 0.3(0.57)
0-4 0-4
2.44 (1.41) 2.47 (1.44)
376 (62) 736 (61)
230 (38) 467 (39)
0.5 (4.68) 0.7 (3.97)
53.7 (38.9) 58.1 (44.3)
34.3(35.1) 36.5(37.0)

aBaseline refers to the period from the last visit in DECIDE and within 28 days of the participants’ first dose of DAC beta in EXTEND.

bParticipants who received IM IFN beta-1a in DECIDE and switched to DAC beta 150mg in EXTEND.

Participants who received DAC beta 150 mg in DECIDE and continued on DAC beta in EXTEND.

DAC, daclizumab; EDSS, Expanded Disability Status Scale; Gd*, gadolinium-enhancing; IFN, interferon; IM, intramuscular; SD, standard deviation.

across most regions where the drug was available.
At that time, there were nine countries with patients
remaining in EXTEND, representing 411 study
participants. Study participants in EXTEND
received the last dose of daclizumab beta on or
before 30 March 2018. The maximum time on
study in EXTEND was >260weeks (represents up
to 8years of daclizumab beta treatment for partici-
pants who had received daclizumab beta for up to
144 weeks in DECIDE). In the final analysis, 1093
(91%) participants in EXTEND discontinued
treatment (most of this is accounted for by early
study closure); 20% of participants discontinued
because of an AE.

Safety

Daclizumab beta exposure in the safety popula-
tion (N=1203) was 3566 patient-years in the
EXTEND study period; the median (range)
number of doses was 53 (1-96) in both DECIDE
and EXTEND. The median (range) time on
daclizumab beta treatment was 196 (0.1-237)
weeks. In EXTEND, 14% of participants received
daclizumab beta treatment for 0-48 weeks, 10%
received daclizumab beta for 49-96 weeks, 14%

for 97-144weeks, 10% for 145-192weeks, 51%
for 193-236 weeks, and 1% for >236 weeks.

Overall safety summary and incidence of AEs in
the safety population

In total, 1101/1203 (92%) participants in the
safety population experienced an AE (Table 2);
48% of AEs were considered by the investigator to
be related to the study treatment. Most partici-
pants (75%) had events that were mild or moder-
ate in severity. The AEs by MedDRA SOC with
the highest incidence (>20%) were infections and
infestations (62%), nervous system disorders,
including MS relapse and all other preferred terms
within the SOC (46%), skin and subcutaneous tis-
sue disorders (45%), musculoskeletal and connec-
tive tissue disorders (31%), gastrointestinal
disorders (27%), investigations (i.e. laboratory
abnormalities) (26%), and general disorders and
administration site conditions (24%). SAEs were
reported in 347/1203 (29%) participants. SAEs
reported in at least three participants are listed in
Table 3. The incidences of treatment-related
SAEs were 9% in the IFN/daclizumab beta group
and 10% in the continuous daclizumab beta
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Table 2. Summary of AEs.ab

AEs, n (%) IFN/DAC,? Continuous DAC beta, Total safety population,®
n=597 n=606 N=1203
Any AE 541 (91) 560 (92) 1101 (92)
AEs with the highest incidence (>20%)
Infections and infestations 381 (64) 370 (61) 751 (62)
Nervous system disorders 285 (48) 271 (45) 556 (46)
Skin and subcutaneous tissue disorders 245 (41) 292 (48) 537 (45)
Musculoskeletal/connective tissue disorders 186 (31) 188 (31) 374 (31)
Gastrointestinal disorders 170 (28) 160 (26) 330 (27)
Investigations 160 (27) 152 (25) 312 (2¢)
General disorders/administration site conditions 153 (26) 138 (23] 291 (24)
AE severity®
Mild 135 (23] 146 (24) 281 (23)
Moderate 315(53) 307 (51) 622 (52)
Severe 90 (15) 103 (17) 193 (16)
AEs related to treatmentd 279 (47) 297 (49) 576 (48)
AEs leading to treatment discontinuation 105 (18] 131 (22) 236 (20)

Common AEs (=10% of participants) leading to treatment discontinuation and withdrawal from study

Abnormal LFT 11 (2)
ALT increase 10 (2]
Lymphadenopathy 3 (<)
AST increase 4 (<1)
MS relapse 5(<1)
Any SAE 157 (26)
SAEs related to treatment 55 (9]
Deathe 2 (<1)

12(2) 23(2)
7(1) 17 (1)
10(2) 13 (1)
7 (1) 11 (<1)
5(<1) 10 (<1)
190 (31) 347 (29)
58 (10) 113 (9)
4 (<1) 6 (<1)

aParticipants who received IM IFN beta-1a in DECIDE and switched to DAC beta 150 mg in EXTEND.

bThe total safety population (N=1203) comprised participants who received at least one dose of daclizumab beta during DECIDE or who switched
from IM IFN beta-1a in DECIDE and received at least one dose of DAC beta in EXTEND.

cMaximum severity of all events for each participant; percentages are calculated using the total number of participants in the IFN/DAC group

(n=597) and total safety population (n=1203), respectively.
dDetermined by the investigator.

eOne death each from the IFN/DAC and continuous DAC beta groups was deemed related to the study drug; the relationship to the study drug of one

death from the continuous DAC beta group was unspecified.

AE, adverse event; ALT, alanine aminotransferase; AST, asparatate aminotransferase; DAC, daclizumab; IFN, interferon; IM, intramuscular;

LFT, liver function test; MS, multiple sclerosis; SAE, serious adverse event.
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Table 3. SAEs reported in at least three participants in the total safety population.?

SAE, n (%) IFN/DAC,2n=597 Continuous DAC beta, n=606 Total safety population, N=1203
Multiple sclerosis relapse 61(10) 65(11) 126 (10)
Lymphadenopathy 4(<1) 10(2) 14.(1)
Pneumonia 5 (<1) 8 (1) 13 (1)
Urinary tract infection 6 (1) 3(<1) 9 (<1)
Fall 1(<1) 7(1) 8(<1)
Cholelithiasis 5(<1) 2 (<1) 7 (<1)
Multiple sclerosis 3(<1) 3(<1) 6 (<1)
Pyrexia 3(<1) 3(<1) 6 (<1)
Drug-induced liver injury 4(<1) 1 (<1) 5(<1)
Epilepsy 2 (<1) 3(<1) 5 (<1)
Lymphadenitis 2 (<1) 3(<1) 5(<1)
Lymphoid tissue hyperplasia 4 (<1) 1(<1) 5(<1)
Psoriasis 3(<1) 2 (<1) 5(<1)
Suicide attempt 2 (<1) 3(<1) 5(<1)
Breast cancer 3(<1) 1(<1) 4 (<1)
Cholecystitis 2 (<1) 2 (<1) 4 (<)
Hemolytic anemia 2(<1) 2 (<1) 4 (<)
Inguinal hernia 2 (<1) 2 (<1) 4 (<)
Uterine leiomyoma 0 4 (<1) 4 (<1)
Agranulocytosis 1(<1) 2 (<1) 3(<1)
ALT increased 1(<1) 2 (<) 3(<1)
Appendicitis 1(<1) 2 (<1) 3(<1)
AST increased 1(<1) 2(<1) 3(<1)
Dermatitis contact 3(<1) 0 3(<1)
Eczema 2 (<1) 1(<1) 3(<1)
Encephalitis autoimmune 3(<1) 0 3(<1)
Hepatitis toxic 1(<1) 2(<1) 3(<1)
Pancreatitis 2 (<1) 1(<1) 3(<1)
[Continued)]
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Table 3. (Continued)

IFN/DAC,2 n=597

Continuous DAC beta, n=606

Total safety population, N=1203

SAE, n (%)

Pancreatitis acute 3(<1)
Pulmonary sarcoidosis 0
Rash generalized 0
Rash maculopapular 2 (<1)
Respiratory tract infection 1(<1)
Septic shock 2 (<1)
Syncope 1 (<)
Thrombocytopenia 3(<1)

0 3(<1)
3(<1) 3(<1)
3(<1) 3(<1)
1(<1) 3(<1)
2 (<) 3(<1)
1(<1) 3(<1)
2 (<) 3(<1)
0 3(<1)

aBased on the MedDRA preferred term (version 16.1).

ALT, alanine aminotransferase; AST, asparatate aminotransferase; DAC, daclizumab; IFN, interferon; MedDRA, Medical Dictionary for Regulatory

Activities; SAE, serious adverse event.

group. The most commonly reported treatment-
related SAEs were drug-induced liver injury [four
participants (<1%)] in the IFN/daclizumab beta
group and lymphadenopathy [eight participants
(1%)] in the continuous daclizumab beta group.

AEs leading to discontinuation of the study drug
occurred in 20% of participants, and 19% with-
drew from the study. Discontinuations and with-
drawals were most frequently (=10 participants)
attributed to abnormal LFT (2%), increased
ALT (1%), lymphadenopathy (1%), increased
AST (<1%), and MS relapse (<1%). Except for
lymphadenopathy, which was experienced by a
slightly greater number of participants in the con-
tinuous daclizumab beta group compared with
the IFN/daclizumab beta group (2% versus <1%),
there were no remarkable group differences in the
incidence of AEs or SAEs leading to treatment
and study discontinuation. Six participants died
during the EXTEND treatment period (all from
the DECIDE-EXTEND safety population). The
causes of death for four participants, not consid-
ered related to study treatment, were septic shock
due to perforated and ischemic colon, brain
edema and dislocation (post-trauma), respiratory
failure, and exacerbation of heart failure. Two
deaths, both occurring after treatment discontin-
uation and study withdrawal, were considered to
be related to study treatment: a 30-year-old man
from the IFN/daclizumab beta group died from
septic shock; and a 27-year-old woman from the

continuous daclizumab beta group experienced
leukopenia, pancytopenia, fever, and multi-organ
failure, which led to death.

AESIs
Important identified risks included hepatic AEs
(including transaminase elevations, serious

hepatic injury, and hepatic failure), cutaneous
events, serious cutaneous events, depression,
infections, serious infections, immune-mediated
disorders, autoimmune hemolytic anemia, and
colitis (Table 4). These AESIs are summarized in
this section. Important potential risks included
anaphylaxis, opportunistic infections, malignan-
cies, and lymphadenopathy. Other AESIs include
hypersensitivity, angioedema, lymphopenia, sar-
coidosis, and injection site AEs.

Hepatic AEs. Patients with a history of any signifi-
cant hepatic disease or clinically significant labora-
tory abnormalities from the most recently available
test in DECIDE were excluded from participating
in EXTEND. Of the 1203 patients in the safety
population, hepatic AEs were reported in 222
(18%) participants (Table 4). Of 222 participants
with hepatic AEs, 195 (88%) events were mild or
moderate in severity (Table 4). Hepatic AEs led to
discontinuation of study drug in <1% of partici-
pants (Table 4). Most of the study participants had
no pre-existing liver dysfunction (n=1158; Table
5).The incidence of hepatic AEs was slightly higher
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Table 4. AEs of special interest.

AEs, n (%)

Total safety population, N=1203

Hepatic AEs?2
Any AE
Mild
Moderate
Severe
SAEs
AEs leading to treatment discontinuation
Infection®
Any AE
Mild
Moderate
Severe
SAEs
AEs leading to treatment discontinuation
Cutaneous®©d
Any AE
Mild
Moderate
Severe
SAEs
AEs leading to treatment discontinuation
Lymphadenopathye
Any AE
Mild
Moderate
Severe
SAEs
AEs leading to treatment discontinuation
Depression
Any AE
SAEs

222 (18)

111/222 (50)

84/222 (38)

27/222 (12)
16 (1)

12 (<1)

751 (62)
347/751 (46)
364/751 (48)

39/751 (5)
62 (5)
15 (1)

537 (45)
273/537 (51)
241/537 (45)

23/537 (4)
38 (3)
60 (5)

136 (11)
78/136 (57)
51/136 (38)

7/136 (5)
23(2)
18 (1)

117 (10)

7 (<1)

[Continued)
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Table 4. (Continued)

AEs, n (%)

Total safety population, N=1203

Lymphopenia
Any AE
SAEs
Angioedema
Any AE
SAEs
Immune-mediated disorder
Any AE
SAEs
Autoimmune encephalitis
Colitis
Any AE
SAEs
Malignancy
Any AE
Sarcoidosis
Any AE
SAEs

Autoimmune hemolytic anemia
Any AE

SAEs

57 (5)

2 (<1)

53 (4)
0

30(2)

15 (1)

3 (<)

18 (1)

5(<1)

16 (1)

6 (<)

4 (<)

4 (<1)
4(<1)

aDefined using an SMQ for drug-related hepatic disorders, which is a sublevel of SMQ hepatic disorders and includes the
preferred terms hepatobiliary disorders and investigations, among others.

bMedDRA SOC of infections and infestations.
cMedDRA SOC of skin and subcutaneous tissue disorders.

dHypersensitivity AEs were mainly cutaneous [n=366/399 (92%)].
eCustomized MedDRA search under selected high-level terms.
AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event; SMQ, standardized

Medical Dictionary for Regulatory Activities query;
SOC, system organ class.

in participants with a pre-existing liver impairment
(n/N=11/45; 24%) than in those without a pre-
existing condition (#/N=211/1158; 18%),
although not statistically significant. The incidence
of hepatic AEs leading to treatment discontinua-
tion and withdrawal from the study was higher in

participants without pre-existing conditions than
in those with pre-existing conditions (6% versus
2%). The number of participants who were taking
potential hepatotoxic medications was comparable to
the number who were not taking potential hepato-
toxic medications (574 versus 629, respectively); no
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Table 5. Summary of hepatic AEs.

Hepatic AEs, n (%)ab

Total safety population, N=1203

Any hepatic AE
Without pre-existing liver conditions
With pre-existing liver conditions
Without potential hepatotoxic medication
With potential hepatotoxic medication
Serious hepatic AEs
Drug-induced liver injury
Toxic hepatitis
ALT increase
AST increase
Liver injury
Chronic hepatitis
Hepatic necrosis
Hepatitis cholestatic
Jaundice
Blood bilirubin increase
Hepatic enzyme increase

Hepatic AEs by SOC
Laboratory abnormalities®

Hepatobiliary disorders

Neoplasm - hemangiomas of the liver

222 (18]
211/1158 (18)
11/45 (24)
101/629 (16)
121/574 (21)

16 (1)

5 (<1)
3(<1)
3(<1)
3(<1)
2 (<1)
1(<1)
1(<1)
1(<1)
1(<1)
1(<1)

1(<1)

203 (17)
36 (3)
4 (<1)

aDefined using an SMQ for drug-related hepatic disorders, which is a sublevel of SMQ hepatic disorders and includes the
preferred terms hepatobiliary disorders and investigations, among others.

bPercentages out of total AEs reported.

¢Includes abnormalities of transaminases, bilirubin, liver function tests, hepatic enzyme, and gamma-glutamyl transferase.
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; SMQ, standardized Medical
Dictionary for Regulatory Activities query; SOC, system organ class.

remarkable group differences in hepatic AEs were
observed.

Laboratory abnormalities were the most fre-
quent AE among participants with hepatic AEs
[203/222 (91%)]; those occurring in =1% of
participants were increased ALT, increased
AST, abnormal LFT, and increased GGT.

Among the 1202 participants with at least one
measurement of concurrent total bilirubin and
ALT/AST, 11% of participants had ALT or
AST elevations =3 X ULN, 7% had elevations
>5 X ULN, and 3% had elevations >10 X ULN
(the incidence of elevated LFTs was based on
clinical laboratory tests and may not have been
reported as AEs).
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Serious hepatic AEs (based on the SMQ for drug-
related hepatic disorders) occurred in 16 (1%)
participants (Table 3). Among these, serious
hepatobiliary disorders (as reported by MedDRA
preferred term in at least two participants) each
occurred in <1% of the study population. The
most common serious hepatic events were drug-
induced liver injury, toxic hepatitis, increased
ALT and AST levels, and liver injury. Except for
the drug-induced liver injury SAE (four partici-
pants in the IFN/daclizumab beta group wversus
one participant in the continuous daclizumab beta
group), there were no remarkable differences in
the incidence of hepatic events between the two
treatment groups.

Cutaneous AEs. Cutaneous AEs were reported in
537/1203 (45%) participants; the vast majority of
participants with cutaneous AEs (93%) had
events that were mild to moderate (Table 4). Most
hypersensitivity events [366/399 (92%)] were
manifested as skin and subcutaneous tissue disor-
ders. Cutaneous AEs with an incidence of =4%
were rash (9%), eczema (7%), erythema (5%),
seborrheic dermatitis (4%), maculopapular rash
(4%), and psoriasis (4%). Sixty participants (5%)
had AEs that led to treatment discontinuation; 59
(5%) reported AEs that led to withdrawal from
the study, the three most common of which were
eczema, maculopapular rash, and rash (each <1%
incidence). There was one reported case of Ste-
vens—Johnson syndrome and one case of toxic
epidermal necrolysis, both from the IFN/dacli-
zumab beta group. One participant from each
treatment group experienced drug reactions with
eosinophilia and systemic symptoms (DRESS);
however, both of these events were reviewed and
were adjudicated as not DRESS. There were no
remarkable differences in the incidence of serious
skin reactions between the IFN/daclizumab beta
and continuous daclizumab beta groups.

Infections. Infections were reported in 751/1203
(62%) participants; 97% (2731/2808) of all infec-
tious AEs resolved by the end of the study. The
median (range) onset of the first infection relative
to the first daclizumab beta dose was 217
(1-1626) days; the median duration of events that
resolved was 19 (1-840) days. The majority
(94%) of participants with infections had events
that were of mild or moderate severity (Table 5).

The most common infections (occurring in =10%
of participants) were nasopharyngitis (20%),

upper respiratory tract infection (19%), and uri-
nary tract infection (12%). There were no reported
cases of progressive multifocal leukoencephalopa-
thy, and the overall incidence of potential oppor-
tunistic infections was 3%, with the most common
being vulvovaginal or oral candidiasis. Five per
cent of participants (7=62) experienced a serious
infection, most commonly pneumonia (z=13;
1%) or urinary tract infection (n=9; <1%).
Ninety per cent of serious infections had resolved
by the end of the study. The median (range) dura-
tion of events that resolved was 18 (1-245) days.

There were four cases of serious opportunistic
infection during the EXTEND treatment period,
all from the IFN/DAC group: two cases of pul-
monary tuberculosis (<1%), and one case each of
cytomegalovirus infection and cytomegaloviral
pneumonia. Two of these events had resolved by
the end of the study. The mean [standard devia-
tion (SD)] and median durations of events that
resolved were 17.5 (12.02) and 17.5 days, respec-
tively. Eighty-one (7%) participants had an infec-
tion that led to dose interruption, and 15 (1%)
had an infection that led to treatment discontinu-
ation. Infections leading to discontinuation were
spread across a number of conditions and
included hepatitis E (#=3), pulmonary tubercu-
losis (7=2), and septic shock (z=2). The remain-
ing infections leading to discontinuation of
treatment were reported in one participant each.
There were no remarkable differences for infec-
tions between the IFN/daclizumab beta and con-
tinuous daclizumab beta groups.

Immune-mediated disorders (including immune-
mediated encephalitis]. Immune-mediated disor-
ders were reported in 30/1203 (2%) participants.
The most frequent events by MedDRA SOC were
nervous system disorders, gastrointestinal disor-
ders, skin and subcutaneous tissue disorders, and
musculoskeletal and connective tissue disorders
[six participants each (<1%)]. Immune-mediated
AEs that were reported in more than one partici-
pant were celiac disease (n=6; <1%), encephalitis
autoimmune (n=3; <1%), uveitis (n=3; <1%),
rheumatoid arthritis (n=3; <1%), Guillain—Barré
syndrome (n=2; <1%), pemphigoid (n=2; <1%),
and vitiligo (=2; <1%). Serious immune-
mediated disorders of the aforementioned organ
systems, plus the gastrointestinal system, were
reported in 15 (1%) participants; the only SAEs
with at least one event were autoimmune enceph-
alitis (n=3; <1%), GQGuillain—-Barré syndrome
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(n=2; <1%), and celiac disease (n=2; <1%). All
reported cases of encephalitis were from the IFN/
daclizumab beta group: two men (aged 35years
and 39years) and one woman (aged 31years).
Two of these three cases were deemed related to
treatment, and led to withdrawal from the study;
the other case was not considered treatment
related (patient eventually died of septic shock due
to perforated and ischemic colon). There were no
cases of immune-mediated liver failure.

Lymphadenopathy events. Lymphadenopathy was
reported in 136 (11%) of participants. Lymphade-
nopathy could be localized or present in multiple
bilateral regions. In five cases, lymphadenopathy
was diagnosed as lymphoma, but on subsequent
lymph node biopsy and evaluation, there were no
confirmed cases of lymphoma. The most fre-
quently reported lymphadenopathy events (at
least five participants) included lymphadenopathy
(n = 120; 10%), lymphadenitis (z = 16; 1%), and
lymphoid tissue hyperplasia (z = 5; <1%). Fifty-
eight (5%) participants had events that were mod-
erate or severe. Eighteen (1%) participants had
lymphadenopathy events that led to discontinua-
tion of study treatment and withdrawal from the
study. Serious lymphadenopathy events occurred
in 23 (2%) participants; nine (<1%) discontinued
study treatment and withdrew from the study.
Lymphadenopathy events were more frequently
reported among participants in the continuous
daclizumab beta group. However, serious lymph-
adenopathy events were experienced by a similar
percentage of participants in both treatment
groups (2%).

Malignancies. Malignancies were reported in 18
(1%) participants in EXTEND. Basal cell carci-
noma and breast cancer were reported in four
participants each; adenocarcinoma of the colon,
adrenal neoplasm, B-cell lymphoma, breast neo-
plasm, invasive ductal breast carcinoma, meta-
plastic breast carcinoma, mycosis fungoides,
ovarian cancer, post-transplant lymphoprolifera-
tive disorder, and uterine leiomyosarcoma were
reported in one participant each. A case initially
reported as B-cell lymphoma was later diagnosed
as reactive lymphadenopathy by two independent
experts. An equal number of participants in the
IFN/daclizumab beta and continuous daclizumab
beta groups experienced malignancies.

Sarcoidosis. Sarcoidosis was reported in six
(<1%) participants: one from the IFN/daclizumab

beta group and five from the continuous dacli-
zumab beta group, consisting of pulmonary sar-
coidosis (n = 3; <1%), sarcoidosis (n = 3; <1%),
and cutaneous sarcoidosis (n = 1; <1%). Four
(<1%) participants, all from the continuous dacli-
zumab beta group, had serious sarcoidosis events.
These SAEs included pulmonary sarcoidosis
(n = 3;1%), and sarcoidosis (n = 1; <1%).

Autoimmune hemolytic anemia. There were four
(<1%) reported cases of autoimmune hemolytic
anemia, with two (<1%) participants each in the
IFN/daclizumab beta and continuous daclizumab
beta groups. All were SAEs and were considered by
the investigator to be related to study treatment.

Other AEs. Depression was reported in 10% of
participants; serious events of depression were
experienced by <1%. Colitis was reported in 1%.

Efficacy

Efficacy outcomes were assessed in DECIDE-
EXTEND participants who received continuous
daclizumab beta treatment in both studies [con-
tinuous daclizumab beta group (z=606)] and in
those who received IM IFN beta-1a in DECIDE
and switched to daclizumab beta in EXTEND
[IFN/daclizumab beta group (rz=597)]. The
median (range) times between the last dose in
DECIDE and the first dose in EXTEND were
1.1 (0.1-22.6) weeks for the IFN/daclizumab
beta group and 4.29 (2.4-27.4) weeks for the
continuous daclizumab beta group.

Clinical outcomes. The ARR was analyzed for the
ITT population in the combined DECIDE-
EXTEND study period, as well as the ITT popula-
tion in the DECIDE treatment period and the
EXTEND treatment period. In the continuous
daclizumab beta group, ARR [95% confidence
interval (CI)] remained low in the EXTEND treat-
ment period [0.16 (0.14-0.19)] and combined treat-
ment period [0.18 (0.15-0.20)], similar to what was
observed in daclizumab beta-treated participants in
DECIDE [0.20 (0.17-0.23); Figure 3]. One year
into EXTEND, the ARR of participants who
switched from IM IFN beta-1a in DECIDE to dacli-
zumab beta in EXTEND was about half the ARR in
DECIDE prior to the switch [0.16 (0.13-0.19) ver-
sus 0.32 (0.28-0.36)]; the ARR of IFN/daclizumab
beta in the EXTEND period was comparable to the
ARR of the continuous daclizumab beta group [0.16
(0.13-0.19) wversus 0.16 (0.14-0.19), respectively].
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Figure 3. ARR for treatment groups in DECIDE and for IFN/DAC beta and continuous DAC beta-treated

participants in EXTEND.

ARR, annualized relapse rate; Cl, confidence interval; DAC, daclizumab; IFN, interferon; IM, intramuscular.

However, in the combined DECIDE-EXTEND
treatment period, the continuous daclizumab beta
group had a lower ARR than the IFN/daclizumab
beta group [0.18 (0.15-0.20) and 0.25 (0.22-0.28),
respectively].

Time to first relapse and time to 24-week CDP
were analyzed from DECIDE baseline through
the transition into EXTEND and study comple-
tion. At week 360, more participants in the con-
tinuous daclizumab beta group of the combined
study population were relapse free [53% wversus
41%; Figure 4(a)] and fewer had experienced
24-week CDP [26% wersus 27%; Figure 4(b)]
than those in the IFN/daclizumab beta group.

MRI outcomes. In EXTEND, the mean (95% CI)
number of Gd* lesions was lower in both treat-
ment groups at week 48 versus baseline [EXTEND
IFN/daclizumab beta, 0.4 (0.3, 0.5) and continu-
ous daclizumab beta, 0.3 (0.2, 0.4) versus baseline
IFN/daclizumab beta, 1.0 (3.09) and continuous
daclizumab beta, 0.5 (4.68); Supplemental Fig-
ure 1(A)]. Overall, the number of MRI lesions
(including number of Gd*, new or newly enlarg-
ing T2 hyperintense lesions, and new T'1 hypoin-
tense lesions) remained low through week 96 in
EXTEND compared with week 96 in DECIDE
[Supplemental Figure 1(B-C)]. There were lim-
ited data on brain volume change due to the tim-
ing of the protocol amendment.

Discussion

The overall rates and nature of AEs during the
combined treatment period with daclizumab beta
(up to 8years in participants who received con-
tinuous daclizumab beta in DECIDE-EXTEND)
were generally consistent with those observed in
previous clinical studies of daclizumab.%5%13 The
most commonly reported AEs were MS relapse,
nasopharyngitis, and upper respiratory tract
infection. No remarkable trends were observed in
the distribution of AEs between participants who
had continued exposure and new exposure to
daclizumab beta on entering EXTEND. The
majority of participants had events that were mild
to moderate in severity; the incidence of severe
events was 16%. The most frequently reported
treatment-related AEs included lymphadenopa-
thy and increases in liver transaminase levels. The
incidence of SAEs was 29%, most commonly MS
relapse and infections. About 20% of participants
either discontinued treatment or withdrew from
the study due to AEs, frequently due to hepatic
AEs (mostly increased liver transaminase levels),
lymphadenopathy, and MS relapse. These fre-
quencies observed in EXTEND are consistent
with the safety profile of daclizumab beta observed
in the SELECT and DECIDE studies that also
showed a higher incidence of hepatic laboratory
abnormalities, serious hepatic events (DECIDE
only), cutaneous events, serious cutaneous events,
infections, and serious infections in participants
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Figure 4. Time to (a) first relapse and (b) 24-week CDP2 among IFN/DAC beta- and continuous DAC beta-

treated participants in the DECIDE-EXTEND population.b:<

aCDP was defined as a =1.0-point increase in EDSS score from a DECIDE baseline EDSS score of =1.0 sustained for
24weeks or a =1.5-point increase in EDSS score from a DECIDE baseline EDSS score of 0 sustained for 24 weeks.
|[FN/DAC beta refers to participants who received IM IFN beta-1a in DECIDE and switched to DAC beta in EXTEND

and participants who received IM IFN beta-1a in DECIDE and did not enroll in EXTEND. Continuous DAC beta refers to
participants who received DAC beta in DECIDE and EXTEND and participants who received DAC beta in DECIDE and did not

enroll in EXTEND.

Participants in DECIDE were treated with IM IFN beta-1a or DAC beta for 96-144 weeks before they enrolled in EXTEND

open-label treatment with DAC beta.

BL, baseline; CDP, confirmed disability progression; DAC, daclizumab; EDSS, Expanded Disability Status Score; IFN,

interferon; IM, intramuscular.
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treated with daclizumab beta 150mg SC than
those treated with placebo in SELECT or IM
IFN beta-1a in DECIDE.%>

Serum transaminase elevations and serious drug-
induced hepatic injury, including autoimmune
hepatitis and liver failure, were observed across
the clinical development program and post-
marketing setting.> Although the majority of
hepatic events in the clinical development program
were asymptomatic transaminase elevations,
some were serious and/or fatal. The incidence of
serious hepatic AEs (1%) was consistent with the
incidence reported in DECIDE.> Serious drug-
related liver injury was reported in 1% of partici-
pants across the clinical development program. In
the SELECTION!® study (NCT00870740), a
washout/re-initiation extension of SELECT,* a
case of fatal autoimmune hepatitis occurred in a
patient re-initiating treatment with daclizumab
beta 300mg after a planned 6-month treatment
interruption period.!’® A case of fulminant liver
failure with a fatal outcome was reported from
non-interventional study EUR-ZIN-16-11024;
based on this case, an Article 20 referral (a bene-
fit-risk reassessment procedure for marketed
products in Europe) of daclizumab beta was initi-
ated in August 2017 in the European Union. An
additional four cases of serious liver injury in
EXTEND were disclosed in the first periodic
safety update report (covering between 27 May
2016 through 27 November 2016).11 In all four
cases, the hepatic events resolved and were not
considered by the investigator to be life threaten-
ing. In EXTEND, there were no cases of immune-
mediated liver failure and none of the six deaths
that occurred in EXTEND were determined to
be drug-related liver deaths.

Overall in EXTEND, the type and pattern of
infections observed were consistent with those
typically seen in an MS population.!%20 By the
end of the study, =95% of events had resolved.
This is consistent with published data that indi-
cate daclizumab beta may cause reversible, mild
to modest lymphocyte reductions that are not
associated with an increased risk of infection or
opportunistic infection.?!

The reported hypersensitivity events and cutaneous
events were consistent with previous clinical experi-
ence and included rash, eczema, macupapular rash,
allergic dermatitis, urticaria, contact dermatitis,

and dermatitis. Cutaneous AEs generally resolved
and treatment discontinuation due to cutaneous
AEs was low, similar to findings from DECIDE.22
Although the potential link between underlying
mechanisms of action for daclizumab beta and
cutaneous AEs is unclear, cutaneous adverse reac-
tions have been posited to be directly or indirectly
associated with the biological activity of daclizumab
in modulating the immune system, including innate
lymphoid cells such as natural killer cells.?> CD25
blockade by daclizumab beta may have resulted in
the reduction of skin-resident regulatory T cells,
which typically counteract inflammatory T cell
responses.22-23

Following a full assessment of cases of autoim-
mune encephalitis, including the three cases in
this study, immune-mediated encephalitis was
identified as a risk of daclizumab beta therapy.!>
Following this, the EMA recommended the
immediate suspension of daclizumab beta based
on reports of serious inflammatory brain disor-
ders worldwide, including encephalitis, some of
which were fatal.?*

With regard to treatment efficacy, EXTEND
showed that, in participants who received con-
tinuous daclizumab beta throughout DECIDE
and EXTEND, treatment effects on clinical and
MRI outcomes were maintained for up to 6years.
At the conclusion of DECIDE (and prior to entry
in EXTEND), participants who were treated with
daclizumab beta showed better clinical outcomes
than those treated with IFN beta-1a.25:26 The par-
ticipants treated with IFN beta-1a in DECIDE
who switched to daclizumab beta in EXTEND
demonstrated improvement in clinical outcomes
in EXTEND in comparison with levels demon-
strated by that group in DECIDE. Overall, dur-
ing daclizumab beta treatment in EXTEND, the
clinical and MRI outcomes were comparable
between the IFN/daclizumab beta and continu-
ous daclizumab beta treatment groups. In the
SELECT trilogy (SELECT,* SELECTION,!®
SELECTED?) of clinical studies, in which some
participants received up to 6years of continuous
treatment with daclizumab beta, the yearly inci-
dence of AEs had not increased over time and
efficacy was maintained for up to 6years. Data
from EXTEND confirm these findings, showing
sustained efficacy and no increased incidence of
overall AEs with up to 8years of daclizumab beta
treatment throughout DECIDE and EXTEND.15
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In a pharmacodynamic analysis of four clinical
trials of participants with MS who were treated
with daclizumab beta, significant increases in
CD56bright natural killer cells and reductions in
skin-resident regulatory T cells relative to base-
line levels were noted in the first 2 weeks of treat-
ment; these alterations and CD25 occupancy
saturation were sustained during the treatment
period.?” Such changes have been associated with
the clinical and radiological efficacy of the
drug.?8:2% The link between the underlying thera-
peutic mechanisms of daclizumab beta and the
associated AEs is unclear and may involve inter-
action between daclizumab beta and the innate
immune system.!6

Worldwide market approval of daclizumab beta
was based on pivotal clinical trial data showing
that the treatment benefits outweighed the risks.%7
Following the long-term follow-up in EXTEND,
new safety signals were identified that were not
apparent in the pivotal trials. This is because
identification of rare AEs may require that more
patients be treated for longer periods of time
before such events can be recognized. Post-
marketing reports of complex SAEs along with
the small number of patients being treated with
daclizumab beta made it difficult to assess the
ongoing benefit-risk profile.!> In March 2018, the
Marketing Authorisation Holder made the deci-
sion voluntarily to withdraw the marketing author-
ization for daclizumab beta from the market.!5
The marketing experience of daclizumab beta
underscores the importance of phase IV monitor-
ing of newly approved treatments. Patient popu-
lations in clinical trials are not as heterogeneous
as those in the real world, and rare AEs may
remain undetected. More studies are needed to
elucidate the effects of immunomodulators on the
dynamic between innate and adaptive immune
mechanisms in autoimmune diseases such as
RMS to provide therapeutic options with better
clinical efficacy and manageable AEs.

Conclusion

In EXTEND, treatment with daclizumab beta
over up to 6years resulted in a robust and sus-
tained treatment effect on well-validated clinical
and radiographic measures. Nevertheless, although
the overall rate and nature of AEs of daclizumab
beta treatment was generally consistent with that
previously observed in the controlled clinical trial
setting, additional rare but serious autoimmune

AEs were observed in both EXTEND and post-
marketing and eventually led to drug withdrawal.
These observations underscore the importance of
pharmacovigilance in the post-marketing setting
and the need for better understanding of the effects
of immunomodulating treatments and the poten-
tial therapeutic value of modulating the innate
immune system in MS.
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