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Background: Daclizumab high-yield process (DAC HYP), a humanized immunoglobulin
G1 monoclonal antibody specific for the α subunit (CD25) of the high-affinity interleukin-2
receptor, has demonstrated efficacy for treatment of relapsing forms of multiple sclerosis in
Phase II and III clinical trials.
Objective: To characterize the pharmacokinetics (PK) of DAC HYP following repeated administration of the 150 mg subcutaneous (SC) dose every 4 weeks (q4wk), the proposed clinical
regimen in patients with relapsing-remitting multiple sclerosis (RRMS).
Methods: Twenty-six patients with RRMS received DAC HYP 150 mg SC q4wk for a total of
six doses. Serial PK blood samples were collected over the first and last dosing intervals and
trough PK samples were collected between these doses. Blood samples for immunogenicity
assessment were collected throughout the study. Serum DAC HYP levels and anti-DAC HYP
antibodies were characterized using validated immunoassays. PK parameters were estimated
using noncompartmental analysis.
Results: DAC HYP showed slow SC absorption with a median time to reach maximum observed
concentration (Cmax) value of ∼1 week. Steady state was reached by the fourth injection. At
steady state, DAC HYP mean serum Cmax, minimum observed concentration (Cmin), and area
under the concentration–time curve within a dosing interval (AUCtau) values were 29.1 µg/mL,
14.9 µg/mL, and 638 µg ⋅ day/mL, respectively, with intersubject variability of 35%–40%. The
AUC accumulation ratio was ∼2.5 at steady state. DAC HYP had a long elimination half-life of
∼22 days and low apparent clearance (0.274 L/day). Nine patients tested positive for anti-DAC
HYP antibodies, with no impact on DAC HYP clearance in this limited data set.
Conclusion: The PK of DAC HYP in patients with RRMS are consistent with those previously
reported in healthy volunteers. The half-life of ∼3 weeks and the low fluctuations in peak and
trough concentrations of serum DAC HYP support the once-monthly SC dosing regimen.
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Daclizumab high-yield process (DAC HYP) is a monoclonal immunoglobulin (Ig) of the
human IgG1 isotype that binds specifically to CD25, the α subunit of the human interleukin-2 (IL-2) receptor that is expressed on the surface of activated lymphocytes after
interaction with a foreign antigen or in response to IL-2.1 It is an investigational product
being reviewed by health authorities for the treatment of relapsing forms of multiple
sclerosis (MS). In a Phase III study (DECIDE), treatment with DAC HYP 150 mg
subcutaneous (SC) dose every 4 weeks (q4wk) in patients with relapsing-remitting
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MS (RRMS) demonstrated superior efficacy in reducing
relapse rate compared with 30 µg of intramuscular interferon
beta-1a, along with a manageable safety profile.2,3
The pharmacokinetics (PK) of DAC HYP in healthy
volunteers have been reported and are characterized by slow
clearance, dose-proportional exposure at doses $100 mg,
high SC bioavailability (F) (.80%), and an effective half-life
of ∼3 weeks.4 However, the full PK profile of DAC HYP in
patients with MS at the clinical efficacious dose of 150 mg
SC q4wk, as confirmed in the Phase III DECIDE study,
has not been previously characterized. In this study, we
characterized the PK of DAC HYP following multiple-dose
administration of the 150 mg SC q4wk regimen in the target
patient population.

had to undergo post-dosing safety follow-up evaluations for
6 months after their last dose of DAC HYP.

Methods

PK and immunogenicity assays

This was an open-label, multicenter, intensive PK substudy,
within an immunogenicity study (OBSERVE, NCT01462318),
which was conducted in four countries (Czech Republic,
Hungary, Poland, and the US). The study was conducted
according to the principles of the Declaration of Helsinki
and was approved by the following ethics committees:
Egészségügyi Tudományos Tanács Klinikai Farmakológiai
Etikai Bizottsága, Hungary; Komisja Bioetyczna przy
Slaskiej Izbie Lekarskiej w Katowicach, Poland; and Quorum
Review Institutional Review Board, WA, USA. All patients
provided written informed consent before being included
in the study.

A validated sandwich enzyme-linked immunosorbent
assay method was used to determine DAC HYP concentrations in human serum. In this assay format, microtiter
plates were coated with anti-idiotype DAC HYP antibody,
followed by blocking, washing, and incubation with
1:100 diluted calibrators, controls, and samples. A biotinconjugated anti-human IgG was then added to detect bound
DAC HYP. After another plate-washing step, horseradish
peroxidase (HRP)-conjugated streptavidin was added, and
bound HRP conjugate was detected with a tetramethylbenzidine substrate, which was read colorimetrically on a plate
reader. The standard curve range is 500–7,500 ng/mL for
DAC HYP in human serum. Samples measuring outside
assay limits of quantitation were reanalyzed at an appropriate dilution. If the sample result fell below the lower limit of
quantitation (500 ng/mL) and the sample dilution was at the
minimum required dilution (1:100), the result for this sample
was reported as below the limit of quantitation.
A multitier methodology was used to evaluate the serum
samples for antidrug antibodies (ADAs; anti-DAC HYP
antibodies). Samples were first screened for the presence
of ADAs via a solution electrochemiluminescent (ECL)
assay implemented using the Meso Scale Discovery (MSD)
detection platform designed to detect the presence of ADAs
in the human serum (Meso Scale Discovery, Gaithersburg,
MD, USA). Samples were diluted 1:60 in an assay buffer
containing biotinylated DAC HYP (bDAC HYP) and
ruthenium-labeled DAC HYP (ruDAC HYP) and incubated
overnight at 4°C–8°C. ADAs present in the samples form
bridging complexes with bDAC HYP and ruDAC HYP, and
these complexes were captured on a streptavidin-coated
MSD plate that had been blocked before use. Only the controls and samples that contained antibodies bound to both

Patients and study design
Patients were eligible to be enrolled in the study if they
were 18–65 years old (inclusive); had a confirmed diagnosis
of RRMS according to the 2005 McDonald criteria5 and
previous cranial magnetic resonance imaging demonstrating
lesion(s) consistent with MS; had a baseline Expanded
Disability Status Scale score of 0–5.0 (inclusive); and had $1
clinical relapse(s) within the previous 2 years. Patients were
excluded if they had a diagnosis of primary progressive,
secondary progressive, or progressive relapsing MS or had
previous treatment with daclizumab or another anti-CD25
monoclonal antibody.
Among 113 patients with RRMS participating in the
main study, 26 patients were enrolled into the intensive
PK substudy. All patients received DAC HYP 150 mg SC
injections using the prefilled syringe at the clinic q4wk for a
total of six doses (weeks 0–20) as part of the main study. After
completion of the 24-week planned washout period, eligible
patients had the option to resume open-label treatment with
DAC HYP 150 mg for up to 3 additional years. All patients
10
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PK and immunogenicity
sampling schedules
For the 26 patients enrolled in the intensive PK substudy,
blood samples for the determination of serum concentrations
of DAC HYP were collected at pre-dose, 8 hours, 24 hours,
72 hours, 120 hours, 7 days, 10 days, 14 days, 21 days, and
28 days after dosing at week 0 (dose 1) and week 20 (dose 6).
Additional blood samples were collected at 8, 12, 16, and
24 weeks after dose 6 to characterize the elimination half-life of
DAC HYP. Additional trough blood PK samples were collected
from all 113 patients participating in the main study.
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bDAC HYP and ruDAC HYP were capable of generating a
measurable ECL response. The plate was then washed and a
tripropylamine (TPA)-containing MSD read buffer was added
to the plate. In the presence of TPA and electric current,
ruthenium produced a chemiluminescent signal proportional
to the amount of ADAs present in the serum. A plate-specific
cut point calculated as 1.24× mean ECL signal of negative
control was used to judge the presence of ADAs in a sample.
ECL response greater than or equal to a plate-specific cut
point was considered ADA-positive in a screening assay.
ADA-positive samples in the screening assays were
confirmed in the confirmatory assay. The latter was based on
the screening assay and use of excess (50 µg/mL) unlabeled
DAC HYP in a competitive binding format to demonstrate
the specificity of the binding interactions between ADAs and
DAC HYP. Signal inhibition $22% confirmed the presence
of ADAs in a sample. All confirmed samples were titrated
for semiquantitative assessment of ADA titers in the titration
assay, which followed the same procedure as the screening
assay except that the samples were serially diluted in a negative
control matrix prior to the assay. The titer was determined as the
reciprocal of the value, calculated by multiplying the minimal
required dilution of the assay by the highest serial dilution in
the negative control matrix, which yielded a response greater
than or equal to the screening assay cut point. At least one
diluted sample in a serial dilution series must test negative.
Confirmed ADA-positive samples were also evaluated by
the neutralizing antibody (NAb) assay. The assay format was
based on coating the MSD 96-well microplate with Kit225
cells – a human T-cell line that expresses IL-2 receptors. The
samples and controls were first treated with anti-DAC HYP
affinity gel to remove excess DAC HYP, followed by incubating with ruDAC HYP in a polypropylene plate. The sample
mixture was then added to an MSD plate coated with Kit225
cells that had been blocked and washed. After incubation, the
plates were washed and MSD read buffer was added immediately prior to reading the plate. The ECL signal was proportional to the amount of ruDAC HYP bound to CD25/IL-2R
on Kit225 cells. The presence of anti-DAC HYP antibodies
decreased the amount of bound ruDAC HYP and the ECL
signal. A plate-specific cut point calculated as 0.63× mean
ECL signal of negative control was used to judge the presence
of NAbs in a sample. ECL response lower than or equal to a
plate-specific cut point was considered NAb-positive.

PK and statistical analysis
Serum PK parameters for DAC HYP were determined using
the actual sample collection times and noncompartmental
method (Phoenix® WinNonlin® 6.2.1; Pharsight Corporation,
Clinical Pharmacology: Advances and Applications 2016:8
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Sunnyvale, CA, USA). The following PK parameters of DAC
HYP were estimated: area under the concentration–time curve
within a dosing interval (AUCtau), maximum observed concentration (Cmax), time to reach Cmax (Tmax), minimum observed
concentration (Cmin), elimination half-life (t½), and apparent
clearance (CL/F). Accumulation ratio (Rac) was calculated
as the ratio of AUCtau (dose 6) to AUCtau (dose 1). DAC HYP
PK parameters were summarized with descriptive statistics by
dose. Visual inspections of trough concentration plots versus
time were used to assess the attainment of steady state.

Results
Patient demographics
Twenty-six patients with RRMS enrolled in the intensive PK
substudy had a mean (range) age of 36.1 (24–54) years and
body weight of 77.5 (52.0–163.0) kg. The majority of the
patients were female (65%) and white (96%).

Pharmacokinetics
The mean serum DAC HYP concentration versus time
profiles following multiple SC administration of 150 mg of
DAC HYP show a monophasic decline (Figure 1), which is
likely due to the slow absorption phase masking the distribution phase. After SC administration, the median Tmax was
7 days after the first dose and 5 days after the sixth (last)
dose (Table 1). Serum DAC HYP pre-dose concentrations
over the dosing period revealed that steady state was reached
by the fourth dose (Figure 2). At steady state, DAC HYP
mean serum Cmax, Cmin, and AUCtau values were 29.1 µg/mL,
14.9 µg/mL, and 638 µg ⋅ day/mL, respectively (Table 1).

1E + 05

Mean DAC HYP serum concentration, ng/mL
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Figure 1 Mean serum DAC HYP concentration versus time profiles following the
first dose (week 0; n=25) and the sixth dose (week 20; n=24) of DAC HYP 150 mg
subcutaneous every 4 weeks in patients with relapsing-remitting multiple sclerosis.
Note: 1E+04=10,000, 1E+05=100,000.
Abbreviations: DAC HYP, daclizumab high-yield process; wk, week.
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50,000

Serum DAC HYP pre-dose
concentration, ng/mL

Notes: aOne patient did not have intensive pharmacokinetic samples collected at week 0. Two patients did not receive week 20 dosing.
Abbreviations: AUCtau, area under the concentration–time curve within a dosing interval; CL/F, apparent clearance; Cmax, maximum observed concentration; Cmin, minimum observed concentration; Rac, accumulation ratio; SD, standard
deviation; t½, half-life; Tmax, time to reach maximum observed concentration.
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Table 1 Pharmacokinetic parameters of serum DAC HYP following the first dose (week 0) and the sixth dose (week 20; at steady state) of DAC HYP 150 mg subcutaneous every
4 weeks in patients with relapsing-remitting multiple sclerosis
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Figure 2 Serum DAC HYP pre-dose concentrations following administration of
DAC HYP 150 mg subcutaneous every 4 weeks over 20 weeks (N=113) in patients
with relapsing-remitting multiple sclerosis.
Notes: The bottom of each box is the 25th percentile, the top is the 75th percentile,
and the middle line inside the box is the median. The whiskers extend to 1.5× the
interquartile range, or the maximum and minimum values if there are no outliers.
x indicates outliers.
Abbreviations: DAC HYP, daclizumab high-yield process; wk, week.

The percent coefficients of variation for Cmax, Cmin, and AUCtau
were ∼35%–40%. DAC HYP exhibited a long elimination
half-life of ∼22 days (or 3 weeks). A low systemic clearance
was observed as judged from the mean CL/F of 0.274 L/day
(11.4 mL/h) and the previously reported SC bioavailability
(F) .80%.4 Repeated dosing of DAC HYP q4wk resulted
in ∼2.5-fold drug Rac at steady state (Table 1).
In this intensive PK substudy, nine out of 26 patients
tested positive for ADAs. The geometric mean CL/F values
for patients tested negative and positive for ADAs were
0.250 L/day (n=17) and 0.260 L/day (n=9), respectively.
NAb responses were detected in two patients ∼8 weeks after
the last dose. The impact of NAb response on DAC HYP
clearance was inconclusive owing to a limited number of
patients with NAb response.

Safety and tolerability
Safety analysis was performed for all 113 patients enrolled
in the main study, including patients in the intensive PK
substudy. Hence, safety results for 26 patients in the intensive PK substudy are not being reported here. The safety
profile of DAC HYP was similar to that observed in previous studies.3

Discussion
DAC HYP is an investigational product being reviewed by
health authorities for the treatment of relapsing forms of
MS. Two pivotal trials have recently demonstrated robust
efficacy and a manageable safety profile of the DAC HYP
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150 mg SC q4wk regimen in the treatment of RRMS.2,3,6 The
population PK characteristics of DAC HYP have been previously evaluated in healthy volunteers following intravenous
and SC single- and multiple-dose administration.4 The present
study characterized the PK of DAC HYP following repeated
dosing of the clinical 150 mg SC dose in 26 patients with
RRMS. After SC dosing, DAC HYP showed median Tmax
values of ∼5–7 days, which is comparable to that observed
in healthy volunteers (7 days).4 The elimination half-life of
DAC HYP in patients with RRMS (22 days) also is consistent
with that previously reported in healthy subjects (24 days).4
Steady state was reached by the fourth dose of DAC HYP,
which is expected with the 3-week elimination half-life.
DAC HYP clearance was low as judged by the low mean
CL/F value (0.274 L/day) and the previously reported SC bioavailability (F) .80%. The population PK results in healthy
volunteers projected DAC HYP Cmax to Ctrough ratio of ∼2.5
and the steady-state Rac of ∼2 for SC administration q4wk.4
Results from the present study confirmed these projections.
Treatment with DAC HYP 150 mg SC q4wk in patients with
RRMS resulted in mean steady-state serum peak-to-trough
concentration ratio of ∼2 and Rac of ∼2.5.
In this study, ADA responses appeared to have no
significant effect on DAC HYP clearance. However, results
are not conclusive owing to limited sample size for robust
evaluation of impact of immunogenicity on the PK of DAC
HYP. The impact of immunogenicity on DAC HYP clearance
will be further characterized in the planned population PK
data analyses using data from all Phase I–III studies.

Conclusion
In conclusion, the PK of DAC HYP as characterized in the
present study in patients with RRMS are consistent with the
previous observations in healthy volunteers. The 3-week elimination half-life and the low fluctuations in serum DAC HYP
concentrations support the once-monthly SC dosing regimen.
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