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Abstract: Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central
nervous system. It can present in several forms, with the relapsing—remitting pattern being the
most common. Since the approval of the first disease-modifying therapy and the initiation of
appropriate treatments from the early stages of the disease, there seem to be positive impacts
on the long-term outcomes and disability associated with MS. Currently, there are ten approved
drugs for the treatment of MS, and several more are in various stages of development. These
medications each have their unique profile in terms of efficacy, dose, routes of administration,
tolerability, and adverse effects. Daclizumab is a humanized monoclonal antibody that is being
explored for the treatment of MS. It is currently approved for use in allograft renal transplantation.
Given its modulatory effects on the immune system, daclizumab’s potential for use in MS was
tested in extensive Phase I trials. With continued demonstration of its efficacy, it is currently in a
Phase III trial for relapsing—remitting MS. While daclizumab has demonstrated beneficial effects
in controlling disease activity in MS, there were also some safety and tolerability concerns that
were raised. Further information from the ongoing Phase I1I trial, and from open-label studies,
will shed light on the benefit and risk profile of this drug and its potential for use in MS.

Keywords: multiple sclerosis, disease-modifying therapy, monoclonal antibodies, daclizumab,
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central
nervous system (CNS). Though the exact cause of MS has not been discovered, it is
believed that in a genetically predisposed individual, some environmental trigger leads to
the onset of the disease.! MS can present in several forms, with the relapsing—remitting
pattern being the most common. Prior to the approval of the first disease-modifying
therapy for MS in 1993, there were no medications proven to alter the disease course.
With the advent of medications and the initiation of appropriate treatments from the
early stages of the disease, there seem to be positive impacts in terms of the long-term
outcomes and disability in MS. Currently, there are ten US Food and Drug Administra-
tion (FDA)-approved drugs for the treatment of MS, and several more are in various
stages of development, as shown in Table 1.> These medications each have their own
unique profile in terms of efficacy, dose, routes of administration, tolerability, and
adverse effects. The earliest approved treatments are all injectable therapies and include
the various formulations of the interferon beta and glatiramer acetate.>® Natalizumab
and mitoxantrone are infusion therapies that appear to have greater efficacy compared
to the injectable therapies.”” More recently, over the course of the last 3 years, three
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Table | FDA-approved therapies and treatments in Phase Ill trials for MS

Disease-modifying agent Dose, route, and frequency Year of FDA  Adverse effects

of administration approval
Interferon beta- b 0.25 mcg SC, every other day 1993 Flu-like symptoms; leukopenia; elevated liver
(Betaseron®; Bayer HealthCare enzymes; thyroid dysfunction
Pharmaceuticals, Montville, NJ, USA)
Interferon B-la 30 mcg IM, once per week 1996 Flu-like symptoms; leukopenia; elevated liver
(Avonex®; Biogen ldec, Inc, Weston, enzymes; thyroid dysfunction
MA, USA)
Glatiramer acetate 20 mg SC, daily 1997 Injection-site reactions; lipoatrophy;
(Copaxone®; Teva Pharmaceutical postinjection vasomotor syndrome
Industries, Ltd, Petah Tikva, Israel)
Mitoxantrone Variable based on BSA 2002 Infections; bone marrow suppression; nausea,
(Novantrone®; EMD Serono, Inc, hair thinning; bladder infections; mouth sores
Rockland, MA, USA)
Interferon beta-la 44 mcg SC, three times per week 2002 Flu-like symptoms; leukopenia; elevated liver
(Rebif®; Merck KGaA, Darmstadt, enzymes; thyroid dysfunction
Germany)
Natalizumab 300 mg IV, every 4 weeks 2006 Hypersensitivity reactions; infusion reactions
Tysabri® (Biogen Idic, Inc, Weston, (headache, rigors); PML risk; infection risk
MA, USA)
Interferon beta-Ib 0.25 mcg SC, every other day 2009 Flu-like symptoms; leukopenia; elevated liver
(Extavia®; Novartis International AG, enzymes; thyroid dysfunction
Basel, Switzerland)
Fingolimod 0.5 mg oral, daily 2010 Headache; elevated liver enzymes; cough;
(Gilenya®; Novartis International AG) lymphopenia; infections; bradycardia
Teriflunomide 7 mg and 14 mg oral, once daily 2012 Abnormal liver function; alopecia; nausea;
(Aubagio® Genzyme Corporation, teratogenic
Cambridge, MA, USA)
BG-12 240 mg oral, twice per day 2013 Flushing; abdominal pain; nausea; diarrhea
(Tecfidera™; Biogen ldec, Inc)
Alemtuzmab 12 mg IV, 5 consecutive days initially, Under FDA Risk of infections; infusion reactions; secondary
(Lemtrada™; Genzyme Corporation)  then 3 consecutive days annually review autoimmune disorders including thyroid diseases

Ocrelizumab

2 weeks apart every 6 months

Daclizumab 150 mg and 300 mg SC in clinical trials,
every 4 weeks
Laquinimod 0.6 mg and 1.2 mg daily, administered

orally

600 mg and 1,000 mg IV doses used
in clinical trials, cycles of two doses,

and idiopathic thrombocytopenic purpura
Phase Il trials Mild to moderate infusion reactions; risk of
infections
Phase Ill trials  Risk of infections; secondary autoimmune
disorders; cutaneous events; elevated liver
enzymes

Phase Il trial Elevated liver enzymes; abdominal pain

Abbreviations: FDA, US Food and Drug Administration; MS, multiple sclerosis; SC, subcutaneous; IM, intramuscularly; BSA, body surface area; IV, intravenous; PML,

progressive multifocal leukoencephalopathy.

oral agents namely Fingolimod, Teriflunomiide and Dimethyl
Fumarate (BG-12) were added to our armamentarium.'*'
Laquinimod is another oral agent that is being further studied
for its use in MS. Laquinimod had completed two Phase 111
clinical trials, but did not meet its primary endpoint in one of
these studies and is currently undergoing a third Phase I1I trial
for relapsing—remitting MS (RRMS).!%!7 Given the multiple
treatment options that are available now, and given the agents
that are currently in development, it is an exciting time for
patients with MS and the clinicians involved in their care, as
the arsenal against MS has continued to expand.

Monoclonal antibodies are an exciting class of medica-
tions with immense therapeutic opportunity for MS; the first
in its class to be approved for the treatment of MS was natali-
zumab.”® Natalizumab is a humanized monoclonal antibody
against 04B1 and 04B7 integrins, which acts by preventing
lymphocyte egress across the blood—brain barrier, and which
can access the CNS.'®" Rituximab is an anti-CD20 mono-
clonal antibody that has been studied in MS and has demon-
strated clinical efficacy.?’ It is approved for the treatment of
several other autoimmune disorders, but currently there are
no ongoing studies of its use in MS. However, ocrelizumab,
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which is a humanized form of the anti-CD20 antibody, is in
Phase III trials for RRMS and primary progressive MS as
well. Alemtuzumab is a humanized anti-CD52 monoclonal
antibody, currently FDA-approved for the treatment of
chronic lymphoid leukemia. Phase II and Phase I1I studies
in relapsing MS have shown superior efficacy compared with
interferon beta therapy, and alemtuzumab is currently under
FDA review for its MS indication.?"-??

Daclizumab is a humanized monoclonal antibody that
is being explored for the treatment of MS. It is currently
approved for use in allograft renal transplantation.?*?* Given
its modulatory effects on the immune system, daclizumab’s
potential for use in MS was tested, and after promising
results from initial studies, several Phase II studies were
undertaken.??¢ After daclizumab continued to demonstrate
efficacy without posing significant risks in quite extensive
Phase 11 trials, it is currently in a Phase III trial for RRMS.

Mechanism of action

Daclizumab is a humanized monoclonal antibody directed
against the o subunit (CD25 or Tac) of the interleukin (IL)-2
receptor. It is a competitive inhibitor of the IL-2 receptor,
which presents predominantly on activated lymphocytes.
Through binding of the high-affinity IL-2 receptor, the
mechanism of action (MOA) of daclizumab was believed to
be the inhibition of the activation of lymphocytes.?”? Several
studies have established that IL-2 is a potent activator of
lymphocytes, and blocking of this receptor results in amelio-
ration of inflammation.? In vitro experiments demonstrated
that specific binding of daclizumab to IL-2a resulted in the
inhibition of T-cell proliferation in response to antigenic
stimuli.’*? However, contrary to these findings, in vivo stud-
ies in MS patients treated with daclizumab showed normal
T-cell activation and proliferation, suggesting that immune
mechanisms are involved in overcoming this blockade take
effect, which enable T-cell activation and proliferation to
occur; in addition, the clinical effects of daclizumab may not
result from the direct inhibition of T-cell proliferation.?33* At
present, it appears that daclizumab affects several immune
processes, and the full extent of its MOA is complex.*

The effect of daclizumab on natural killer (NK) cells has
been of particular interest.® It has been shown that dacli-
zumab therapy results in selective expansion of a subset of
NK cells labeled CD56"" NK cells.* There is evidence from
prior studies in pregnancy that CD56% NK cells appear
to play a role in the immune tolerance of the mother to the
fetus.’” Since the discovery of the expansion of CD56 it
NK cells in MS patients treated with daclizumab, further

studies examining the mechanism by which these cells
exert their anti-inflammatory effects have demonstrated that
CD56%iet NK cells are involved in killing activated T-cells,
which could explain some of the anti-inflammatory effects of
daclizumab.* Another potential MOA of daclizumab is the
inhibition of T-cell activation by mature dendritic cells.*'*? It
has also been hypothesized that yet another possible action of
daclizumab is the inhibition of inflammatory effects of innate
lymphoid cells.*** Thus, at present, the MOA of daclizumab
seems to involve multiple aspects of the immune system.

Clinical trial data

Several studies have examined the potential of daclizumab
as a disease-modifying therapy for MS.*¢ After the efficacy
of daclizumab was reported in earlier smaller Phase 11 trials,
larger Phase II trials were undertaken.*’%

The CHOICE study?’ was a Phase II, double-blind,
placebo controlled trial that evaluated daclizumab in
combination with interferon beta in active relapsing MS
patients. Two hundred and thirty patients with relapsing
MS who were on interferon beta therapy were randomized
in a 1:1:1 manner to receive daclizumab therapy at high
doses, daclizumab at low doses, or placebo in addition to
continuing their interferon regimen. Thus, the trial consisted
of three treatment arms: (1) interferon beta plus high-dose
daclizumab (2 mg/kg) every 2 weeks; (2) interferon beta plus
low-dose daclizumab (1 mg/kg) every 4 weeks; and (3) the
interferon beta plus placebo arm. The duration of the study
was 24 weeks. The primary endpoint was the total number of
new or enlarged gadolinium-enhancing lesions measured on
magnetic resonance imaging (MRI) of the brain performed
every 4 weeks between week 8 and week 24. Among several
secondary endpoints was the annualized relapse rate (ARR).
The adjusted mean number of new or enlarged gadolinium
contrast-enhancing lesions in the high-dose daclizumab plus
interferon beta group was 1.32 versus 4.75 in the interferon
beta and placebo group (a difference of 72%; 95% confi-
dence interval [CI]: 34%—88%; P =0.004). For the low-dose
daclizumab plus interferon beta group, the number of new or
enlarging gadolinium-enhancing lesions was 3.58 (a differ-
ence of 25%; 95% CI =76% to 68%; P = 0.51). Among the
secondary endpoints evaluated was the ARR. The unadjusted
ARR was 0.86 in the interferon beta and placebo group;
0.49 in the high-dose daclizumab and interferon beta group
(a difference of 43%; 95% CI —28% to 74%; P = 0.18); and
0.58 in the low-dose daclizumab and interferon beta group
(a difference of 32%, 95%; CI —45% to 69%; P =0.31). The
results indicated that the group with high-dose daclizumab
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and interferon beta therapy had a statistically significant
reduction in new or enlarging gadolinium-enhancing lesions
when compared to the interferon beta and placebo group.
After results from earlier studies established the potential
benefit of daclizumab in combination with interferon beta
over that of interferon beta alone in reducing disease activ-
ity in relapsing MS, another Phase II trial — the SELECT
study*® —
monotherapy in RRMS. The daclizumab high-yield process

was undertaken, which evaluated daclizumab as a

(HYP) — which has an identical amino acid sequence as
daclizumab, but differs in terms of its glycosylation process
and gives rise to fewer antibody-dependent instances of
cytotoxicity — was tested in the trial. Six hundred and twenty-
one patients with RRMS were randomized in a 1:1:1 manner
to receive daclizumab HYP 150 mg subcutaneous injections
every 4 weeks, or daclizumab HYP 300 mg subcutaneous
injections every 4 weeks, or placebo for 52 weeks. The
primary endpoint of the study was the ARR at week 52.
The ARR with daclizumab HYP 150 mg was 0.21, a 54%
reduction as compared to placebo (95% CI: 33%—68%;
P < 0.0001); the ARR with daclizumab HYP 300 mg
was 0.23, a 50% reduction compared to placebo (95% CI:
28%—65%; P=0.0003); and the ARR for the placebo group
was 0.46. The proportion of patients who remained relapse-
free during the study was higher for both of the daclizumab
HYP-treated groups than for the placebo group. The numbers
were 81% (P < 0.0001) for the daclizumab HYP 150 mg
group, 80% (P = 0.0003) for the daclizumab HYP 300 mg
group, and 64% for the placebo group. The daclizumab
HYP groups also demonstrated superiority compared to
placebo on MRI outcomes, including on new gadolinium-
enhancing lesions and on new or enlarging T2 lesions. There
was a beneficial impact on disability progression as well in
the daclizumab HYP-treated groups versus placebo, with the
daclizumab HYP 150 mg dose demonstrating a 57% reduc-
tion at week 52 compared to placebo, and the daclizumab
HYP 300 mg dose exhibiting a 43% reduction at week 52
compared to placebo.

The SELECTION study is an open-label extension of
the Phase II SELECT trial.** The goal of this study was to
evaluate the long-term safety, efficacy, and immunogenicity
of daclizumab HYP monotherapy in subjects with RRMS.
In this study, subjects who completed the SELECT study
were provided with an option to receive daclizumab HYP
monotherapy for 144 weeks. Preliminary results from this
trial were presented at the European Committee for Treatment
and Rehabilitation in Multiple Sclerosis (ECTRIMS) meeting
in Lyons, France in October 2012.° The trial demonstrated

sustained efficacy in subjects continuing on daclizamab HYP
for 2 years, with an ARR of 0.17 in year 2 (0.15 in year 1),
and the occurrence of new T2 lesions were 1.2 in year 2 and
1.9 in year 1.

Safety and tolerability

In the CHOICE study,” the incidence of common adverse
events was similar in all the treatment groups. There were
no life-threatening or opportunistic infections. The incidence
of cutaneous events was higher in the daclizumab groups
when compared to the interferon beta plus placebo group
(24% versus 6%). There were two malignancies reported
in the daclizumab-treated groups. One patient with a family
history of breast cancer developed ductal carcinoma in situ
more than 1 year from her last daclizumab dose, and another
patient had a recurrence of preexisting pseudomyxoma
peritonei. In the SELECT trial,*® nine patients (2%) in the
daclizumab HYP groups were reported to have serious infec-
tions, as opposed to none in the placebo group. Seven of these
occurred while on daclizumab HYP treatment. One patient
discontinued treatment permanently due to the infection,
while the others resumed daclizumab HYP treatment after
resolution of the infection. As was previously seen in the
CHOICE study,*” there were more cutaneous events in the
daclizumab HPY groups. The incidence in the daclizumab
HYP 150 mg group was 18%, while in the daclizumab HYP
300 mg group, the incidence was 22%, and in placebo group
it was 13%.*® Among these, five patients in the daclizumab
HYP groups were designated as having serious cutaneous
events, which consisted of a case of rash, atopic dermatitis,
allergic dermatitis, exfoliative dermatitis, and erythema nodo-
sum, respectively. There was one case each of autoimmune
thyroiditis, Crohn’s disease, hypersensitivity, and lymphade-
nopathy in the daclizumab HYP 300 mg group, and this was
compared to the placebo group, which exhibited no similar
cases. There were four malignancies reported in the trial: two
cases of cervical carcinoma (one in the placebo group and one
in the daclizumab HYP group), and two cases of melanoma
in the daclizumab HYP groups. There was one death in the
daclizumab HYP 150 mg group; the patient developed a
serious rash and subsequently died of complications from an
undiagnosed psoas abscess. Autopsy revealed a mesenteric
artery thrombosis adjacent to the abscess, as well as ischemic
colitis. Liver enzyme abnormalities were similar in all three
groups, but the daclizumab HYP-treated groups had a higher
number of these abnormalities, with elevations greater than
five times the upper limit of normal (4% in both daclizumab
HYP-treated groups versus 1% in the placebo group).
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In addition to what was reported in the Phase II clinical tri-
als, there was a recent case report of a woman who developed
CNS vasculitis while on daclizumab therapy.’! The patient
had participated in a Phase I trial of daclizumab and elected
to continue daclizumab therapy after completion of the trial
in an off-label manner. She had received a total of 21 doses
of daclizumab prior to the onset of symptoms of CNS vas-
culitis. In the preliminary results from the SELECTION
study,”® which was an open label extension of the SELECT
trial,*® the side effect profile was similar; however, there
was one death reported from autoimmune hepatitis in the
SELECTION study.*

With regard to pregnancy and breastfeeding, daclizumab
(Zenapex®; F Hoffman-La Roche Ltd, Basel Switzerland) is
designated as pregnancy category C, and the FDA recom-
mends that nursing mothers discontinue the medication as
there are not enough data regarding its excretion in breast
milk and its potential harmful effects.

Further studies

The DECIDE study — which is a Phase III multicenter,
double-blind, randomized trial where daclizumab HYP is
administered at a dose of 150 mg once every 4 weeks versus
interferon beta-1a, which is administered once weekly for
96 to 144 weeks in RRMS patients — is currently ongoing.
The primary endpoint of this study is the ARR. Several
secondary endpoints including functional disease progression
and quality of life are being evaluated as well.>

Conclusion

MS is a complex immune disorder — the exact etiology of
which is still not understood. The disease patterns in MS are
widely variable, with some patients having a relatively milder
disease course, even years after the onset of the disease,
while others accrue significant early disability. Given the
multiple potential disease mechanisms and the wide spectrum
of the disease, one drug is unlikely to be a universal fit for
all patients. Even though perfect biomarkers that predict the
subsequent disease course of MS have not been discovered,
based on the data from natural history studies and treatment
trials, one could potentially use a patient’s early disease char-
acteristics (both clinical characteristics and MRI parameters)
to help understand the nature of that particular individual’s
long-term disease course when deciding an appropriate treat-
ment regimen. The growing armamentarium of therapies for
treating MS provides us with more options when choosing
optimal therapy, and takes us a step closer to personalized
medicine and finding the best fit for each patient based on the

patient’s disease characteristics and the benefit/risk profile
for a specific drug.

Among the currently available therapies, the injectable
medications have a well-established safety profile, but they
are partially effective and have tolerability and adherence
issues due to their parenteral route of administration and their
side effects. The currently available monoclonal antibody,
natalizumab, appears to have greater efficacy and patients
appear to experience greater quality of life when compared
to patients using injection therapies. However, natalizumab
has the potential risk of progressive multifocal leukoen-
cephalopathy, especially in individuals who test positive for
the JC virus antibody with prolonged natalizumab use. The
oral agents offer ease of administration but have their own
individual risks and tolerability concerns. Fingolimod has the
risk of infections including herpes infections and potential
cardiac concerns, among others. Teriflunomide has a rating
of pregnancy category X. In its clinical trials, BG-12 did not
appear to demonstrate any major concerns with infections
or metabolic abnormalities; however, there were some toler-
ability issues, especially at the commencement of treatment,
and as with all new medications, there is the lack of data
with long-term use.

Daclizumab has demonstrated efficacy on several clini-
cal parameters including relapse rate, disability progression,
and on MRI markers of disease activity as well (including
gadolinium-enhancing lesions and T2 lesions). However, some
safety concerns were raised, including the risk of cutaneous
events, elevated liver enzymes, infections, and secondary
autoimmune disorders. Further information from its ongoing
Phase III trial and open-label studies will shed light on the
benefit/risk profile of this drug. There is also ongoing research
into the identification of potential biomarkers, which might
help determine an individual’s likelihood of responding to
daclizumab, and it may also help establish the probability that
a patient is at risk of experiencing adverse events with treat-
ment initiation. If daclizumab treatment could be associated
with potential serious adverse events, then when considering
daclizumab as a disease-modifying therapy for MS, one
would need to examine its efficacy in comparison to alternate
treatments that might be used in a similar circumstance. Treat-
ments that one could consider in this scenario would include
natalizumab and fingolimod (which are currently available
for the treatment of MS), alemtuzumab (which is under FDA
review and expected to be available soon), and ocrelizumab
(which is undergoing Phase IlI trials). Ultimately, the results
from ongoing Phase III trials and observation studies will
determine daclizumab’s place in the treatment of MS.

Drug Design, Development and Therapy 2013:7

submit your manuscript

1191

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Reardon and Perumal

Dove

Disclosure
Jennifer Reardon is a speaker for Biogen Idec and Teva

Pharmaceuticals. Jai S Perumal is a speaker and consultant

for Biogen Idec, Teva Pharmaceuticals, and Genzyme.

The authors report no other conflicts of interest in

this work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Noseworthy JH, Lucchinetti C, Rodriguez M, Weinshenker BG.
Multiple sclerosis. N Engl J Med. 2000;343(13):938-952.

. Perumal J, Khan O. Emerging disease-modifying therapies in multiple

sclerosis. Curr Treat Options Neurol. 2012;14(3):256-263.

. PRISMS Study Group and the University of British Columbia MS/MRI

Analysis Group. PRISMS-4: long-term efficacy of interferon-beta-1a
in relapsing MS. Neurology. 2001;56(12):1628-1636.

. Paty DW, Li DK. Interferon beta-1b is effective in relapsing-remitting

multiple sclerosis. II. MRI analysis results of a multicenter, randomized,
double-blind, placebo-controlled trial. UBC MS/MRI Study Group and
the IFNB Multiple Sclerosis Study Group. Neurology. 1993;43(4):
662-667.

. Simon JH, Jacobs LD, Campion M, et al. Magnetic resonance studies

of intramuscular interferon beta-1a for relapsing multiple sclerosis.
The Multiple Sclerosis Collaborative Research Group. Ann Neurol.
1998;43(1):79-87.

. Comi G, Filippi M, Wolinsky JS. European/Canadian multicenter,

double-blind, randomized, placebo-controlled study of the effects of
glatiramer acetate on magnetic resonance imaging — measured dis-
ease activity and burden in patients with relapsing multiple sclerosis.
European/Canadian Glatiramer Acetate Study Group. Ann Neurol.
2001;49(3):290-297.

. Polman CH, O’Connor PW, Havrdova E, et al; AFFIRM Investigators.

A randomized, placebo-controlled trial of natalizumab for relapsing
multiple sclerosis. N Engl J Med. 2006;354(9):899-910.

. Rudick RA, Stuart WH, Calabresi PA, et al; SENTINEL Investigators.

Natalizumab plus interferon beta-1a for relapsing multiple sclerosis.
N Engl J Med. 2006;354(9):911-923.

. Hartung HP, Gonsette R, Konig N, et al; Mitoxantrone in Multiple

Sclerosis Study Group (MIMS). Mitoxantrone in progressive multiple
sclerosis: a placebo-controlled, double-blind, randomised, multicentre
trial. Lancet. 2002;360(9350):2018-2025.

Cohen JA, Barkhof F, Comi G, et al; TRANSFORMS Study Group. Oral
fingolimod or intramuscular interferon for relapsing multiple sclerosis.
N Engl J Med. 2010;362(5):402—415.

Kappos L, Radue EW, O’Connor P, et al; FREEDOMS Study Group.
A placebo-controlled trial of oral fingolimod in relapsing multiple
sclerosis. N Engl J Med. 2010;362(5):387-401.

O’Connor P, Wolinsky JS, Confavreux C, et al; TEMSO Trial Group.
Randomized trial of oral teriflunomide for relapsing multiple sclerosis.
N Engl J Med. 2011;365(14):1293—1303.

Miller A, Kappos L, Comi et al. Teriflunomide efficacy and safety
in patients with relapsing multiple sclerosis: results from TOWER,
a second, pivotal, phase 3 placebo-controlled study (S01.004) [abstract].
Neurology. 2013;80(Meeting Abstracts 1):S01.004.

Gold R, Kappos L, Arnold DL, et al; DEFINE Study Investigators.
Placebo-controlled phase 3 study of oral BG-12 for relapsing multiple
sclerosis. N Engl J Med. 2012;367(12):1098-1107.

Fox RJ, Miller DH, Phillips JT, et al; CONFIRM Study Investigators.
Placebo-controlled phase 3 study of oral BG-12 or glatiramer in multiple
sclerosis. N Engl J Med. 2012;367(12):1087-1097.

Comi G, Jeffery D, Kappos L, et al; ALLEGRO Study Group. Placebo-
controlled trial of oral laquinimod for multiple sclerosis. N Engl J Med.
2012;366(11):1000-1009.

Vollmer TL, Soelburg P, Arnold DL; BRAVO Study Group [abstract].
ECTRIMS. 2011; abstract 143.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Cannella B, Raine CS. The adhesion molecule and cytokine profile of
multiple sclerosis lesions. Ann Neurol. 1995;37(4):424-435.
Yednock TA, Cannon C, Fritz LC, Sanchez-Madrid F, Steinman L,
Karin N. Prevention of experimental autoimmune encephalomyelitis
by antibodies against alpha 4 beta 1 integrin. Nature. 1992;356(6364):
63-66.

Hauser SL, Waubant E, Arnold DL, et al; HERMES Trial Group. B-cell
depletion with rituximab in relapsing-remitting multiple sclerosis.
N Engl J Med. 2008;358(7):676—688.

Cohen JA, Coles AJ, Arnold DL, et al; CARE-MS I investigators.
Alemtuzumab versus interferon beta la as first-line treatment for
patients with relapsing-remitting multiple sclerosis: a randomised
controlled phase 3 trial. Lancet. 2012;380(9856):1819—1828.

Coles AJ, Twyman CL, Arnold DL, et al; CARE-MS II investigators.
Alemtuzumab for patients with relapsing multiple sclerosis after
disease-modifying therapy: a randomised controlled phase 3 trial.
Lancet. 2012;380(9856):1829-1839.

Vincenti F, Kirkman R, Light S, et al. Interleukin-2-receptor blockade with
daclizumab to prevent acute rejection in renal transplantation. Daclizumab
Triple Therapy Study Group. N Engl J Med. 1998;338(3):161-165.
Adu D, Cockwell P, Ives NJ, Shaw J, Wheatley K. Interleukin-2
receptor monoclonal antibodies in renal transplantation: meta-analysis
of randomised trials. BMJ. 2003;326(7393):789.

Waldmann TA. The IL-2/IL-15 receptor systems: targets for
immunotherapy. J Clin Immunol. 2002;22(2):51-56.

Bielekova B, Richert N, Howard T, et al. Humanized anti-CD25 (dacli-
zumab) inhibits disease activity in multiple sclerosis patients failing to
respond to interferon beta. Proc Natl Acad Sci U S A. 2004;101(23):
8705-8708.

Goebel J, Stevens E, Forrest K, Roszman TL. Daclizumab (Zenapax)
inhibits early interleukin-2 receptor signal transduction events. Transpl
Immunol. 2000;8(3):153-159.

Waldmann TA, O’Shea J. The use of antibodies against the IL-2 receptor
in transplantation. Curr Opin Immunol. 1998;10(5):507-512.

Nelson BH, Willerford DM. Biology of the interleukin-2 receptor. Adv
Immunol. 1998;70:1-81.

Queen C, Schneider WP, Selick HE, et al. A humanized antibody
that binds to the interleukin 2 receptor. Proc Natl Acad Sci U S A.
1989;86(24):10029-10033.

Depper JM, Leonard WJ, Robb RJ, Waldmann TA, Greene WC.
Blockade of the interleukin-2 receptor by anti-Tac antibody: inhibition
of human lymphocyte activation. J Immunol. 1983;131(2):690-696.
Cavazzana-Calvo M, Fromont C, Le Deist E, et al. Specific elimination
of alloreactive T cells by an anti-interleukin-2 receptor B chain-specific
immunotoxin. Transplantation. 1990;50(1):1-7.

Bielekova B, Catalfamo M, Reichert-Scrivner S, et al. Regulatory
CD56(bright) natural killer cells mediate immunomodulatory effects of
IL-2Ralpha-targeted therapy (daclizumab) in multiple sclerosis. Proc
Natl Acad Sci U S A. 2006;103(15):5941-5946.

Kalia V, Sarkar S, Subramaniam S, Haining WN, Smith KA, Ahmed R.
Prolonged interleukin-2Ralpha expression on virus-specific CD8+
T cells favors terminal-effector differentiation in vivo. Immunity.
2010;32(1):91-103.

Bielekova B. Daclizumab therapy for multiple sclerosis.
Neurotherapeutics. 2013;10(1):55-67.

Bielekova B, Howard T, Packer AN, et al. Effect of anti-CD25 antibody
daclizumab in the inhibition of inflammation and stabilization of disease
progression in multiple sclerosis. Arch Neurol. 2009;66(4):483-489.
Guleria I, Sayegh MH. Maternal acceptance of the fetus: true human
tolerance. J Immunol. 2007;178(6):3345-3351.

Jacobs R, Hintzen G, Kemper A, et al. CD56bright cells differ in their
KIR repertoire and cytotoxic features from CD56dim NK cells. Eur J
Immunol. 2001;31(10):3121-3127.

. Airas L, Saraste M, Rinta S, Elovaara I, Huang YH, Wiendl H; Finnish

Multiple Sclerosis and Pregnancy Study Group. Immunoregulatory fac-
tors in multiple sclerosis patients during and after pregnancy: relevance
of natural killer cells. Clin Exp Immunol. 2008;151(2):235-243.

1192

submit your manuscript

Dove

Drug Design, Development and Therapy 2013:7


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Daclizumab in treating MS

40.

41.

42.

43.

44.

45.

46.

47.

Jiang W, Chai NR, Maric D, Bielekova B. Unexpected role for
granzyme K in CD56bright NK cell-mediated immunoregulation of
multiple sclerosis. J Immunol. 2011;187(2):781-790.

Wuest SC, Edwan JH, Martin JF, et al. A role for interleukin-2 trans-
presentation in dendritic cell-mediated T cell activation in humans, as
revealed by daclizumab therapy. Nat Med. 2011;17(5):604—609.
Granucci F, Vizzardelli C, Pavelka N, et al. Inducible IL-2 production
by dendritic cells revealed by global gene expression analysis. Nat
Immunol. 2001;2(9):882-888.

Perry JS, Han S, Xu Q, et al. Inhibition of LTi cell development by
CD25 blockade is associated with decreased intrathecal inflammation
in multiple sclerosis. Sci Transl Med. 2012;4(145):145ra106.

Withers DR, Gaspal FM, Mackley EC, et al. Cutting edge: lymphoid
tissue inducer cells maintain memory CD4 T cells within secondary
lymphoid tissue. J Immunol. 2012;189(5):2094-2098.

Rose JW, Burns JB, Bjorklund J, Klein J, Watt HE, Carlson NG.
Daclizumab phase II trial in relapsing and remitting multiple sclerosis:
MRI and clinical results. Neurology. 2007;69(8):785-789.

Ali EN, Healy BC, Stazzone LA, Brown BA, Weiner HL, Khoury SJ.
Daclizumab in treatment of multiple sclerosis patients. Mult Scler.
2009;15(2):272-274.

Wynn D, Kaufman M, Montalban X, et al; CHOICE investigators.
Daclizumab in active relapsing multiple sclerosis (CHOICE study):
a phase 2, randomised, double-blind, placebo-controlled, add-on trial
with interferon beta. Lancet Neurol. 2010;9(4):381-390.

Drug Design, Development and Therapy

Publish your work in this journal

Drug Design, Development and Therapy is an international, peer-
reviewed open-access journal that spans the spectrum of drug design
and development through to clinical applications. Clinical outcomes,
patient safety, and programs for the development and effective, safe,
and sustained use of medicines are a feature of the journal, which

48.

49.

50.

S1.

52.

Gold R, Giovannoni G, Selmaj K, et al; SELECT study investigators.
Daclizumab high-yield process in relapsing-remitting multiple sclerosis
(SELECT): arandomised, double-blind, placebo-controlled trial. Lancet.
2013;381(9884):2167-2175.

Biogen Idec. Safety and efficacy extension study of daclizumab high
yield process (DAC HYP) in subjects with multiple sclerosis who
have completed study 205MS201 (NCT00390221) to treat relapsing-
remitting multiple sclerosis. (SELECTION). Available from: http://
clinicaltrials.gov/ct2/show/NCT00870740?term=NCT00390221 &ran
k=2. NLM identifier: NCT00870740. Accessed September 11, 2013.
Giovannoni G, Gold R, Selmaj K, et al. Primary results of the
SELECTION trial of daclizumab HYP in relapsing multiple sclerosis.
In: 28th Congress of the European Committee for Treatment and
Research in Multiple Sclerosis; October 10—13, 2012; Lyon, France.
Abstract P169.

Ohayon J, Oh U, Richert N, et al. CNS vasculitis in a patient with MS
on daclizumab monotherapy. Neurology. 2013;80(5):453—457.
Biogen Idec. Efficacy and Safety of Daclizumab High Yield Process
Versus Interferon B 1a in Patients With Relapsing-Remitting Multiple
Sclerosis (DECIDE). Available from: http://clinicaltrials.gov/ct2/
show/NCT01064401. NLM identifier: NCT01064401. Accessed
August 26, 2013.

Dove

has also been accepted for indexing on PubMed Central. The manu-
script management system is completely online and includes a very
quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: http://www.dovepress.com/drug-design-development-and-therapy-journal

Drug Design, Development and Therapy 2013:7

submit your manuscript

1193

Dove


http://www.dovepress.com/drug-design-development-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://clinicaltrials.gov/ct2/show/NCT00870740?term=NCT00390221&rank=2
http://clinicaltrials.gov/ct2/show/NCT00870740?term=NCT00390221&rank=2
http://clinicaltrials.gov/ct2/show/NCT00870740?term=NCT00390221&rank=2
http://clinicaltrials.gov/ct2/show/NCT01064401
http://clinicaltrials.gov/ct2/show/NCT01064401

	Publication Info 2: 
	Nimber of times reviewed: 


