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Discussion:
Toxicity studies of daclizumab were conducted in monkeys with up to 39 weeks 
duration. Skin toxicity was noted. Skin adverse events were also noted in 
humans. Microglial aggregates were also noted in the brain and spinal cord of 
monkeys. Initially, there was some uncertainty as to whether a no observed 
adverse effect level had been identified for this finding. The applicant provided 
some additional information and it appears that the low dose used in these 
studies (10 mg/kg) was the NOAEL for microglial aggregates. This dose 
produced exposures in monkeys approximately 7 times the exposure in humans 
at the recommended dose. The supervisor memo concluded that these findings 
of microglial aggregates do not preclude approval of daclizumab for several 
reasons. These reasons include the presence of a NOAEL and margin to human 
exposure, the minimal severity of the findings, and the lack of histopathology 
findings that might be sequelae to microglial activity.

An appropriate established pharmacologic class for daclizumab is the existing 
term, “interleukin-2 receptor blocking antibody.”

Conclusions:
The pharmacology/toxicology reviewer and supervisor conducted a thorough 
evaluation of the nonclinical information submitted in support of this NDA. I agree 
that the nonclinical information is adequate to support approval for the above 
indication. I have provided labeling comments separately.
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MEMORANDUM   
 
    DEPARTMENT OF HEALTH & HUMAN SERVICES 

                      Public Health Service 
                Food and Drug Administration 

________________________________________________________________________ 
 
Division of Neurology Products (HFD-120) 
Center for Drug Evaluation and Research 
 
Date: May 11, 2016 
 
From: Lois M. Freed, Ph.D. 
 Supervisory Pharmacologist 
 
Subject: BLA 761029 (daclizumab High Yield Process; ZINBRYTA)  
________________________________________________________________________ 
 
BLA 761029 was submitted by the sponsor (Biogen Idec) on February 27, 2015, to 
support marketing approval of daclizumab High Yield Process (DAC HYP, 
ZINBRYTA), an anti-CD25 humanized IgG1 monoclonal antibody, for treatment of 
relapsing forms of multiple sclerosis (RMS). Clinical development was conducted under 
IND 12120 for RMS. DAC HYP was also in clinical development for moderate to severe 
persistent asthma under IND  which was terminated on March 3, 2016. 
 
The nonclinical program consists of the following pivotal studies of DAC HYP: 
 

• Pharmacology 
• PK/ADME 
• Toxicology  

o 13- and 39-week toxicity studies in cynomolgus monkey 
o 9-month toxicity study in cynomolgus monkey 

• Reproductive and developmental toxicology 
o Fertility and early embryonic development studies in male and female 

cynomolgus monkey (separate studies) 
o Embryofetal development study in cynomolgus monkey 
o Pre- and postnatal development study in cynomolgus monkey 

 
Nonclinical studies were reviewed in detail by Dr. Robison under IND  (cf. 
Pharmacology/Toxicology Review, IND  Timothy W. Robison, Ph.D., March 4, 
2008) and Dr. Carbone under the BLA (cf. Pharmacology/Toxicology BLA Review and 
Evaluation, BLA 761029, David L. Carbone, Ph.D., February 24, 2016). Based on his 
review, Dr. Carbone has concluded that the nonclinical data do not support approval, 
based on toxicity observed in monkey (i.e., microglial aggregates in the CNS), which he 
considers serious and not monitorable in humans.  
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The following is a summary of the nonclinical data and selected safety issues; a 
comprehensive description and discussion of the data are provided in Dr. Carbone’s 
review. 
 
Pharmacology 
 
DAC HYP (daclizumab) is a humanized IgG1 monoclonal antibody, which exhibits 
specific binding to CD25, the alpha subunit of the human high-affinity IL-2 receptor. The 
high affinity IL-2 receptor is “..rapidly upregulated after T-cell activation, resulting in 
enhanced high-affinity Il-2 signal transduction” (Wynn D et al. Lancet Neurol 9:381-390, 
2010).  DAC HYP is thought to be efficacious in the treatment of MS through binding to 
CD25 and subsequent inhibition of T-cell activation and proliferation (Milo R Ther Adv 
Neurol Disord 7(1):7-21, 2014; Wynn D et al., 2010). 
 
No secondary or dedicated safety pharmacology studies were conducted. 
 
PK/ADME 
 
PK parameters were assessed in cynomolgus monkey in an acute-dose study of DAC 
HYP (5 mg/kg IV); the t1/2 was ∼8-16 days, Cl was 0.14-0.18 mL/hr/kg, and the Vd was 
54-61 mL/kg. In acute and repeat dose studies in monkey, the bioavailability following 
SC dosing was 50-80%. In multiple-dose (Q2W) studies, accumulation was estimated to 
be ∼2-fold, consistent with the reported t1/2.  
 
Studies in pregnant and lactating monkeys demonstrated placental transfer (umbilical 
cord blood:maternal blood ratios of 0.1-0.8) and excretion in milk (milk:serum ratios of 
0.00028-0.0012 and 0.0005-0.00114 on PND 28 and 91, respectively). In infants, serum 
daclizumab levels were quantitated on PNDs 14, 28, and 91. The mean t1/2 in infants was 
15.3 ± 2.8 days. Maternal:infant serum exposure ratios were 1, 1.1, and 2.4 on PND 14, 
28, and 91.  
 
Toxicology 
 
General toxicity studies were conducted in cynomolgus monkey, the only 
pharmacologically relevant species. The pivotal studies were 13- and 39-week studies 
and a 9-month study. All were conducted with DAC HYP, administered Q2W by 
subcutaneous injection, and included 3-month recovery periods. The doses were as 
follows: 

• 13-week:  0, 5, 50, 125, and 200 mg/kg (recovery: 0, 125, and 200 mg/kg) 
• 39-week: 0, 10, 50, and 200 mg/kg (recovery: 0 and 200 mg/kg) 
• 9-month: 0, 10, 35, and 200 mg/kg (recovery: 0, 35, and 200 mg/kg) 

 
The presence of anti-drug antibodies (ADA) was assessed in all the studies. While ADAs 
were detected, and associated with decreases in plasma exposure in some animals, the 
adequacy of the studies was not adversely affected. 
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The primary DAC HYP-related target organs were skin and CNS (brain and spinal cord).  
 
Skin lesions were observed only in the 39-week and 9-month studies. In the 39-week 
study, clinical signs consisted of dry, red, and darkened skin, observed at all doses. The 
severity of the skin findings led to premature sacrifice of one LDF on Study Day 210. 
Histopathology correlates consisted of acanthosis/hyperkeratosis, subacute/chronic 
inflammation of the dermis, epidermal serocellular crust, and sebaceous gland atrophy, 
also observed at all doses. Similar skin lesions were observed in HD recovery animals. 
The sponsor concluded that there was no NOAEL for skin lesions. 
 
The 9-month study was conducted to “…more definitively define an NOAEL in a chronic 
study…,” although the same LD (10 mg/kg) was used in both studies. In the 9-month 
study, skin lesions were primarily observed at the MD and HD, and consisted of clinical 
signs of dry skin, gross findings of yellow scale, and histopathology findings of 
“…acanthosis, hyperkeratosis, and perivascular mononuclear inflammatory infiltrates.” 
The sponsor identified the LD as an NOAEL; however, the final Pathology Report stated 
that “…animals dosed at all levels with Daclizumab showed a slightly increased 
incidence of minimal or mild chronic inflammatory changes consisting of acanthosis, 
hyperkeratosis, and perivascular mononuclear inflammatory infiltrates, compared to 
controls.” The histopathology data are summarized in the following table. 
 

FINDING 
DOSES (mg/kg) 

MALES FEMALES 
0 10 35 200 0 10 35 200 

DAY 268 SKIN BIOPSY 
acanthosis 
     minimal 
     mild 
total 

 
1/4 
0/4 
1/4 

 
2/4 
0/4 
2/4 

 
1/4 
1/4 
2/4 

 
1/4 
0/4 
1/4 

 
1/4 
0/4 
1/4 

 
0/4 
0/4 
0/4 

 
1/4 
1/4 
2/4 

 
2/4 
0/4 
2/4 

hyperkeratosis  
     minimal 
     mild 
total 

 
0/4 
0/4 
0/4 

 
0/4 
0/4 
0/4 

 
2/4 
0/4 
2/4 

 
0/4 
0/4 
0/4 

 
0/4 
0/4 
0/4 

 
0/4 
0/4 
0/4 

 
1/4 
1/4 
2/4 

 
0/4 
0/4 
0/4 

perivascular mononuclear cell infiltrate 
     minimal 

 
1/4 

 
3/4 

 
2/4 

 
1/4 

 
0/4 

 
1/4 

 
4/4 

 
2/4 

DAY 274 SACRIFICE 
acanthosis 
     minimal 
     mild 
total 

 
1/4 
0/4 
1/4 

 
2/4 
0/4 
2/4 

 
3/4 
0/4 
3/4 

 
2/4 
0/4 
2/4 

 
2/4 
0/4 
2/4 

 
1/4 
0/4 
1/4 

 
2/4 
1/4 
3/4 

 
1/4 
2/4 
3/4 

hyperkeratosis 
     minimal 

 
0/4 

 
0/4 

 
1/4 

 
2/4 

 
0/4 

 
1/4 

 
1/4 

 
3/4 

perivascular mononuclear cell infiltrate 
     minimal 
     mild 
total 

 
1/4 
0/4 
1/4 

 
1/4 
1/4 
2/4 

 
1/4 
2/4 
3/4 

 
3/4 
0/4 
3/4 

 
2/4 
0/4 
2/4 

 
1/4 
1/4 
2/4 

 
3/4 
0/4 
3/4 

 
2/4 
1/4 
3/4 

 
DAC HYP-induced skin lesions were also detected in humans. In her review of the 
clinical safety data (cf. Clinical Review, BLA 761029, Maria Lourdes Villalba, M.D., 
March 23, 2016), Dr. Villalba stated that “…40% of patients [had] “…at least one AE in 
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Findings were characterized in the Pathology Report as follows: 
 
• mixed cell infiltrates (brain and spinal cord) 

o “The infiltrates were mixtures of lymphocytes and neutrophils…” in the 
meninges and brain and spinal cord parenchyma. 

o The lymphocytic infiltrates were B- and T-cells, with T-cells “slightly” 
predominating in the meninges and B-cells “slightly” predominating in the 
parenchyma. 

• Glial aggregates (brain and spinal cord) 
o “The aggregates were microglial cells (verified using the IBA-1 stain) in 

various regions of the brain and spinal cord.” 
o They were “…generally graded as either slight or minimal and widely 

scattered throughout the brain and spinal cord, but seemed to be most 
numerous in the brain stem (medulla oblongata).” 

o They were “…predominantly, but not exclusively, in gray matter areas” and 
“…occasionally contained lymphocytes as confirmed by 
immunohistochemistry.” Both B- and T-cells were detected in the aggregates. 

• Hemorrhage (brain) 
o “Hemorrhage…was rare and present in two animals in the medulla oblongata. 

This finding was always a very slight component of the inflammatory reaction 
associated with the test article.” 

 
The study pathologist further noted that “The microglial aggregates and areas of mixed 
cell infiltrates were not associated with neuronal necrosis…” and were verified to be 
microglia, as they were “strongly IBA-1 positive…” In addition, “The cellular infiltrates 
and microglial aggregates were decidedly multifocal/scattered and not diffuse.” Both 
were characterized as “nearly resolved” in recovery animals, although “Similar changes 
were still present in one of three high dose animals sacrificed on Day 28/29 after a 4-
week recovery period following a single…200 mg/kg dose of the test article. Rare glial 
aggregates were observed in one of three high dose animals after an 8-week recovery 
period following …two…200 mg/kg doses of the test article.” The study pathologist did 
not, however, comment on the relevance of these finding for human risk. 
 
The sponsor conducted two non-GLP in vitro studies to test hypotheses (sponsor’s 
description below) regarding the mechanism underlying the microglial aggregates 
observed in monkey with DAC HYP.  
 

• Hypothesis 1: “Microglial cells express CD25 and DAC HYP has direct effects on 
microglia.” 

• Hypothesis 2: “Microglial cells do not express CD25 and DAC HYP has indirect 
effects on microglia as a consequence of changing IL-2 bioavailability within the 
CNS.”  

 
Study R&D/13/953 was conducted in primary human fetal microglial cells. Using 
monoclonal antibodies that bind selectively to human CD25 and flow cytometric 
analysis, no binding was detected, indicating that the primary human fetal microglial cells 
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do not express CD25. However, “abundant” binding was demonstrated using antibodies 
specific for the subunits (CD122 and CD132) of the intermediate affinity form of the IL-2 
receptor. Incubation of human fetal microglial cells with IL-2 resulted in microglial 
proliferation, which was not affected by blocking of CD25 by addition of DAC HYP 
antibody fragments to the culture.  
 
Study R&D/13/970 was conducted in primary cynomolgus monkey microglial cells, 
using methods similar to those used in Study R&D/13/953. The data demonstrated that 
cynomolgus monkey microglial cells express functional intermediate IL-2 receptors but 
not CD25. As with primary human fetal microglial cells, IL-2 stimulated microglial 
proliferation, which was not affected by DAC HYP antibody fragments.  
 
From the results of these studies, the sponsor concluded that the microglial aggregates 
observed in monkey are not a direct effect of DAC HYP. According to the sponsor,  
 

“Because cynomolgus monkey microglial cells express functional intermediate 
IL-2 receptors but not CD25, we hypothesize a likely mechanism responsible for 
the aggregation of microglial cells into foci change in microglial motility within 
the CNS of DAC HYP treated cynomolgus monkeys is related to DAC HYP’s IL-
2 modulating effects when CD25 expressing cells are saturated within the 
microenvironment of the CNS…” 

 
The sponsor reported that IL-2 is elevated (2-3 fold) in serum and in csf (personal 
communication from Dr Bibiana Bielekova of the National Institutes of Neurological 
Diseases and Stroke) of DAC HYP-treated MS patients. The sponsor provided no data on 
the effects of DAC HYP on IL-2 levels in cynomolgus monkey. The sponsor also 
provided no data from in vitro studies of adult human microglial cells. 
 
Assuming that the data from human fetal microglial cells are applicable to adult human 
microglial cells, the data overall suggest that the microglial aggregates may be an indirect 
effect of DAC HYP-induced increases in CNS levels of IL-2. However, this would not 
mitigate concerns regarding risk to humans if IL-2 is, in fact, elevated in humans. While 
the sponsor proposes a protective role for the microglial aggregates (i.e., “…regulating 
IL-2 within their microenvironment through consumption of IL-2, thereby decreasing the 
IL-2 levels and making IL-2 unavailable for the stimulation of antigen reactive effector T 
cells within the CNS compartment…”), the only “evidence” provided by the sponsor is 
that in none of the monkey studies were microglial aggregates associated with neuronal 
degenerative or necrotic changes. 
 
Reproductive and Developmental Toxicology 
 
The reproductive and developmental toxicity of DAC HYP was tested in the following 
studies in cynomolgus monkey: reproductive capacity in males and females (separate 
studies), embryofetal development, and pre- and postnatal development. 
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Because fertility studies in monkey are not feasible, potential effects on fertility were 
assessed indirectly. In males, sperm parameters, serum testosterone, and histopathology 
of reproductive organs, brain, and spinal cord were evaluated in sexually mature animals 
(5-10.5 years). DAC HYP was administered by SC injection at doses of 0, 10, 50, and 
100 mg/kg Q2W for ∼60 days. Animals were sacrificed 1 week after the last dose (all 
groups) or after a 12-week recovery period (C and HD only). An expanded 
neurohistopathology evaluation was conducted following detection of microglial 
aggregates using standard methodology. In females, menstrual cycle, serum estradiol and 
progesterone, and histopathology of female reproductive organs, adrenal and pituitary 
glands, and brain were evaluated. DAC HYP was administered by SC injection at doses 
of 0, 10, 50, and 200 mg/kg Q2W for ∼60 days. Animals were sacrificed 35-37 days after 
the last dose (all groups) or after a 60-day recovery period (C and HD only).  
 
No DAC HYP-related effects on fertility parameters were observed in either males or 
females. The only clearly DAC HYP-related finding was histopathological changes in 
brain (discussed in the Toxicology section) and injection site reactions (“minimal to mild 
perivascular mononuclear cell infiltrates…in the subcutis…in a few animals administered 
50 or 200 mg/kg…”) in males.  
 
In the embryofetal development study, DAC HYP was administered to pregnant females 
at SC doses of 0, 10, 50, and 200 mg/kg QW on GDs 20-50. The only DAC HYP-related 
developmental finding was an increase in fetal loss at the HD (1, 1, 1, and 3 fetuses at C, 
LD, MD, and HD, respectively). Histopathology was not evaluated in adults or fetuses. 
 
In the pre- and postnatal development study, DAC HYP was administered to pregnant 
females at SC doses of 0 and 50 mg/kg QW on GDs 50-160. Offspring were sacrificed on 
PND 180-181. A full necropsy was conducted on all infants; however, histopathology 
was conducted only on gross lesions, brain (cerebrum, midbrain, medulla/pons, and 
cerebellum), and spinal cord (cervical, thoracic, and lumbar). Terminal procedures were 
not conducted on adults. No DAC HYP-related findings were observed in the offspring.  
 
Expert Opinion: The sponsor provided assessments  

 addressing the fetal loss observed in the embryofetal development 
study. Both individuals concluded that the fetal loss was unrelated to drug, for the 
following reasons: 
 

• Lighter weigh animals were assigned to the HD group, and animals weighing less 
have a greater tendency for fetal loss  

• “Single fetal losses prior to GD 50 occurred in the control and low dose groups, 
demonstrating the tendency of monkeys to experience pregnancy loss”  

. 
• “No additional developmental toxicity endpoints…were observed” and “In the 

pre-postnatal toxicity study of daclizumab, no increase in abortions or total fetal 
deaths was observed over the period from early gestation to 6 months of age” 
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None of these arguments are sufficiently compelling to warrant dismissal of a DAC 
HYP-related increase in fetal loss in the embryofetal development study. While it is 
correct that a decrease in offspring survival was not observed in the pre- and postnatal 
study, the single dose level in that study was 50 mg/kg, whereas the dose associated with 
fetal loss in the embryofetal development study was 200 mg/kg. Therefore, the increase 
in fetal loss is considered DAC HYP-related and should be described in labeling. 
 
Genetic Toxicology 
 
Genetic toxicology studies were not conducted because, as a monoclonal antibody, DAC 
HYP is not expected to interact directly with DNA.  
 
Carcinogenicity 
 
Because DAC HYP is pharmacologically active only in monkey, carcinogenicity studies 
are not feasible; therefore, the carcinogenic potential of DAC HYP was not assessed. 
 
Conclusions and Recommendations 
 
The nonclinical studies conducted to support clinical development and marketing 
approval for DAC HYP for treatment of patients with relapsing forms of MS were 
adequate by design and conduct. The primary toxicities observed in the one relevant 
species, cynomolgus monkey, were skin lesions and microscopic findings in brain and 
spinal cord. The skin lesions were detected at clinically relevant plasma DAC exposures 
and have been observed in humans, with humans appearing more sensitive than monkey.  
 
The primary finding in brain and spinal cord was the presence of microglial aggregates. 
Microglial aggregates were detected “…throughout the gray and white matter of the brain 
(including but not limited to the cerebral cortex, cerebellum, thalamus, hippocampus, 
midbrain, and pons) and the spinal cord” in a dose-related manner. Microglial aggregates, 
always report to be of minimal severity, were multifocal (a single focus identified in one 
or two animals was considered a spontaneous finding) and were, in some animals, 
associated with evidence of microhemorrhage and inflammation. However, in no case 
were they characterized as active or associated with evidence of neuronal degeneration or 
necrosis. The PWG, which reviewed sections of brain and spinal cord from the male 
reproductive study and the 13- and 39-week toxicity studies, concluded that the 
microglial aggregates appeared inactive and their widespread distribution throughout the 
brain and in spinal cord was not consistent with a direct neurotoxic effect. The sponsor’s 
mechanistic studies were inadequate to identify a cause, although based on the results the 
sponsor suggested that the microglial aggregates may have been the result of DAC HYP-
induced increases in IL-2, with subsequent activation of intermediate affinity IL-2 
receptors. The sponsor reported increases in circulating IL-2 in humans but not monkey. 
Therefore, if this is the mechanism underlying the microglial aggregates detected in 
monkey, the sponsor has provided data demonstrating the human relevance of this 
toxicity.  
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Microglia are “recognized as the prime components of an intrinsic brain immune system” 
and are involved in both acute and chronic neuroinflammation (Streit WJ et al. Journal of 
Neuroinflammation 1(1) (2004): 14). As a contributor to chronic inflammation, 
microglial activation is thought to contribute to the pathology underlying 
neurodegenerative diseases, including multiple sclerosis (Streit WJ et al., 2004). 
Therefore, Dr. Carbone’s concern regarding the potential for DAC HYP-induced 
increases in microglial aggregates in MS patients is reasonable, particularly, as he notes, 
an increase in microglial aggregates would not be monitorable in humans. However, there 
are several observations that reduce that concern: (1) the severity of the finding was 
always characterized as minimal, even at the highest doses tested and for the longest 
duration of dosing, (2) while associated with evidence of microhemorrhage and 
inflammation, microglial aggregates were never found to be associated with “neuronal 
degeneration, axonal fragmentation, or demyelination…,” even in the focused 
neurohistopathology study requested by the division, (3) in the tissue slides, from 
multiple toxicity studies, examined by the PWG, the microglial aggregates “did not 
appear to be active” and were found to be widespread throughout the brain, which is not 
characteristic of a direct neurotoxic insult, and (4) although not definitively identified as a 
NOAEL, the LD (10 mg/kg), associated with a plasma AUC ∼7 times that in humans at 
the RHD, was associated with only a single microglial aggregate in one animal in each of 
the chronic toxicity studies (if confirmed for the 39-week study, as requested by the 
division).  
 
Overall, the nonclinical studies conducted by the sponsor are adequate to support 
marketing approval of DAC HYP, with appropriate labeling. The primary organ toxicities 
identified were skin lesions, which have already been detected in humans, and CNS 
lesions (microglial aggregates), which cannot be monitored in humans. However, for the 
reasons stated, it is my opinion that the microglial aggregates are not of sufficient 
concern to preclude approval, particularly if the clinical team concludes that there is 
sufficient evidence of efficacy in humans to warrant approval in light of the serious 
toxicities already demonstrated in humans.  
 
No PMRs are recommended. The general requirement for a juvenile animal toxicology 
study is waived because the clinical team has concluded that the serious toxicities 
observed in adults administered DAC HYP preclude its use in the pediatric population. 
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Study Title: Embryo-Fetal Development of Daclizumab Administered by Subcutaneous 
Injection to Pregnant Cynomolgus Monkeys.

Study no. TR07123

This replaces the table of fetal measurements on page 44 of the 
Pharmacology/Toxicology BLA Review and Evaluation of daclizumab (BLA 761029).

Dose (mg/kg) 0 5 50 200
Fetal Measurements     
Sex:     
     male 10 5 5 2
     female 2 7 6 10
Crown-to-Rump -- -- ↓7% ↓5%
Crown-to-Heel -- -- -- ↓4%
Foot Length -- ↓3% ↓8% ↓3%
Body Weight -- -- ↓11% ↓11%
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1 Executive Summary
1.1 Introduction
Daclizumab-High Yield Process (DAC-HYP; ZINBRYTA™) is a humanized monoclonal 
IgG1 antibody developed by Biogen Idec Inc. for the treatment of relapsing forms of 
multiple sclerosis. DAC-HYP is thought to suppress T-cell mediated autoimmunity by 
selectively targeting the CD25 subunit of the high-affinity IL-2 receptor, while leaving the 
intermediate-affinity (non-CD25) receptors functional.

1.2 Brief Discussion of Nonclinical Findings
In vitro studies demonstrated suppression of high-affinity IL-2 receptors by DAC-HYP in 
primary lymphocyte cultures isolated from humans and monkeys. There was no 
pharmacological activity in primary lymphocytes isolated from rodents. All in vivo 
toxicology studies were, therefore, conducted in cynomolgus monkeys. 

Biweekly subcutaneous (SC) dosing with up to 200 mg/kg DAC-HYP for 5 dosing 
periods did not affect sperm morphology in males, or hormonal or menstrual cycles in 
females. Once-weekly SC dosing with 50 mg/kg DAC-HYP during gestation days (GD) 
50-160 did not affect pre- or postnatal development. However, once-weekly SC 
administration of 200 mg/kg DAC-HYP administered during the first 5 weeks of 
pregnancy increased the incidence of fetal loss. A juvenile animal toxicology study was 
not required prior to filing the BLA. However, if DAC-HYP is approved for use in 
adolescent patients, a juvenile animal toxicology study is recommended.

No toxicity was associated with single intravenous (IV) doses up to 30 mg/kg. Pivotal 
toxicology was initially evaluated with a 39-week study in males and females 
administered 0, 10, 50, or 200 mg/kg DAC-HYP by biweekly SC injection. A second 
study of similar design but of 9-months duration was conducted to evaluate doses of 0, 
10, 35, or 200 mg/kg. The primary toxicities in the repeat-dose studies were raised, 
red/patchy areas of the skin and scattered microglial aggregates throughout the brain 
and spinal cord. Dermal and CNS toxicities generally resolved over recovery periods 
ranging from 4 to 12 weeks. Dermal toxicity was accompanied microscopically by 
acanthosis and was typically only observed after repeat dosing. There was no NOAEL 
for dermal toxicity. The microglial aggregates were occasionally accompanied by 
mononuclear cell infiltration or signs of hemorrhage (i.e., hemosiderin deposits), but no 
signs of axonal degeneration or myelin loss were observed. An acute dose study 
revealed the presence of microglial aggregates after a single dose of 200 mg/kg SC, but 
there were no accompanying behavioral abnormalities. In the 39-week and 9-month 
studies, the NOAEL for microglial aggregates was 10 mg/kg administered biweekly 
(AUC(0-7d)  34,988 g×h/mL).

The sponsor has proposed that the dermal and CNS toxicities in monkeys are due to 
increases in plasma IL-2 levels that result in stimulation of intermediate-affinity IL-2 
receptors. In support, the sponsor cites increases in plasma IL-2 levels in humans 
treated with DAC-HYP; however, plasma IL-2 was not measured in any of the 
nonclinical studies. Two in vitro studies were conducted in an attempt to identify a 
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mechanism responsible for the microglial aggregates. These studies demonstrated 
proliferation of human and monkey primary microglial cells in response to IL-2 
stimulation in the absence of CD25 at the IL-2 receptor, suggesting that activation of the 
microglial cells by IL-2 occurred through intermediate-affinity IL-2 receptors. A DAC-
HYP fragment which lacks the Fc region did not suppress IL-2 mediated microglial 
activation, further implicating the intermediate affinity IL-2 receptor in microglial 
activation. Studies evaluating a direct interaction between DAC-HYP and microglial cells 
were not conducted.

The sponsor’s proposed mechanism for the dermal and CNS toxicities is plausible but 
remains unproven without more definitive studies. Moreover, the biological significance 
of the microglial aggregates remains unclear.

1.3 Recommendations
1.3.1 Approvability
The dermal toxicity observed in nonclinical testing has been observed in clinical trials. 
However, it is unknown if microglial aggregates are similarly replicated in humans, since 
this finding cannot be monitored in a clinical setting. Concern over the microglial 
aggregates is heightened due to the unknown effect of this finding on any existing 
neuroinflammation in the intended patient population. Based on steady state exposures 
in monkeys at the NOAEL and humans receiving the proposed clinical dose, the safety 
margin for the microglial aggregates is approximately 9-fold. Given an inadequate safety 
margin for the microglial aggregates and the availability of alternate therapy for 
relapsing forms of MS, DAC-HYP is not recommended for approval.

1.3.2 Additional Non Clinical Recommendations
None
1.3.3 Labeling

8.1 

Risk Summary
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Animal Data

8.2 

8.2 Lactation

Risk Summary
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13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis

The carcinogenic potential of ZINBRYTA has not been  
  

 
  

Mutagenesis

Impairment of Fertility

 
 

13.2 Animal Toxicology and/or Pharmacology
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(Sponsor’s figure)

Pharmacologic Class: Interleukin-2 receptor blocking antibody.

2.2 Relevant INDs, NDAs, BLAs, and DMFs
DAC-HYP was previously developed under IND  for the treatment of severe, 
persistent asthma, but development was discontinued. DAC-HYP was developed under 
IND 012120 for the treatment of relapsing forms of MS.

2.3 Drug Formulation
DAC-HYP for injection is formulated at 150 mg/mL in  mM succinate ,  mM 
sodium chloride, and % Tween 80. 

2.4 Comments on Novel Excipients
None

2.5 Comments on Impurities/Degradants of Concern
None

2.6 Proposed Clinical Population and Dosing Regimen
DAC-HYP is intended to be used in  adult patients with 
relapsing MS. The proposed dose of 150 mg is to be administered once monthly by 
subcutaneous injection, using prefilled syringes.

2.7 Regulatory Background
IND 012120 was submitted January 1, 2005. A pre-BLA meeting between the FDA and 
AbbVie was held on October 8, 2014; there were no nonclinical questions except 
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related to abuse potential. There were no nonclinical filing issues for the BLA; a decision 
to file was reached on April 6, 2015. Ownership of DAC-HYP was transferred from 
AbbVie to Biogen Idec, Inc. on May 12, 2015. On August 13, 2015, the sponsor 
submitted a waiver request for the juvenile animal toxicology study, and on November 2, 
2015, a juvenile animal toxicology study protocol was submitted.

3 Studies Submitted
3.1 Studies Reviewed 
Pharmacology

 R&D/14/0566: Cross-reactivity study of DAC HYP binding to murine and rat 
peripheral blood mononuclear cells.

 RTR31: Characterization of DAC-HYP in human lymphocyte functional assays in 
vitro.

 RTR4: BIAcore-based affinity measurements of daclizumab HYP  and 
Daclizumab Nutley to recombinant human and cynomolgus CD25.

 RTR41: Comparison of anti-CD25 humanized monoclonal antibodies DAC-HYP 
and non-FcR-binding DAC  in human lymphocyte functional assays in 
vitro.

 RTR56: Characterization of DAC-HYP ADCC and FcRIII (CD16) interactions in 
vitro.

 RTR57: A comparison of DAC-HYP, Roche Nutley, and Roche Penzburg 
daclizumab materials in in vitro human lymphocyte functions.

 TR05312: Daclizumab manufacturing lot characterization; Comparison of 
daclizumab materials in antibody-dependent cell cytotoxicity and complement-
dependent cytotoxicity assays.

 TR05332: Physiochemical/biological characterization of comparative stability 
testing of daclizumab high yield process engineering lots compared to Roche 
current process lots.

 TR05333: Physiochemical and biological characterization of daclizumab HYP 
 bulk lots, 41110401, 41110403, 41110405.

Pharmacokinetics
 DAC.08.03: Validation of an ELISA Method for Quantification of Daclizumab 

(DAC-HYP) in Monkey Serum.
 CST019-17VR: DAC study, Validation of an Enzyme Linked Immunosorbent 

Assay (ELISA) Method for Quantification of Daclizumab in Cynomolgus Monkey 
Serum.

 TR00212.1: Qualification of Daclizumab Cynomolgus Serum PK ELISA.
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 TR01112: DAC study, Validation of an Enzyme Linked Immunosorbent Assay 
(ELISA) Method for Quantification of Daclizumab in Cynomolgus Monkey Serum.

 TR03147: Partial Validation of Quantification of Daclizumab in Cynomolgus 
Serum by ELISA.

 TR04127: Partial Validation of an ELISA for Quantitation of Daclizumab in 
Cynomolgus Serum.

 TR04196: Partial Validation of an ELISA for Detection and Quantitation of 
Antibodies to Daclizumab in Cynomolgus Serum by ELISA.

 TR04222: Daclizumab, Partial Validation for Relocated Methods, Partial 
Validation of a Cell-based Flow Cytometry Ligand Binding Assay for Detection of 
Neutralizing Antibodies to Daclizumab in Cynomolgus Monkey and Human 
Serum.

 TST019-023VR and TST019-023VR-R.1: Validation of an Enzyme Linked 
Immunosorbent Assay (ELISA) Method for Quantification of Daclizumab in 
Cynomolgus Monkey Milk.

 TR11337: Partial Validation of an ELISA for the Quantitation of Daclizumab in 
Cynomolgus Serum and Long Term Stability of Daclizumab in Matrix.

 CST019-018VR: Validation of an ECL Method for Detection of Anti-Daclizumab 
Antibodies in Monkey Serum.

 TR03174: Validation of a Cell-based Flow Cytometry Ligand Binding Assay for 
Detection of Neutralizing Antibodies to Daclizumab in Cynomolgus Monkey and 
Human Serum.

 TR04217: Daclizumab Final Report Pharmacokinetics and Comparability 
Analyses for PDL Study PDL.Daclizumab-04.001, Pharmacokinetic Comparison 
of Three Manufacture Lots of Daclizumab Administered as a Single IV Bolus in 
Cynomolgus Monkeys.

Single Dose Toxicology
 TR07133: A single dose intravenous acute toxicity study of daclizumab in 

cynomolgus monkeys.

Repeat-Dose Toxicology
 TR04236: A repeat dose (once every two weeks for three doses) tolerability and 

toxicokinetic study of daclizumab administered by subcutaneous injection to 
cynomolgus monkeys, with a 2-month recovery period.

 TR05395_1: 13-week subcutaneous injection toxicity and toxicokinetic study with 
daclizumab in cynomolgus monkeys with a 12-week recovery period.

 TR07185_3: A 39-week subcutaneous injection chronic toxicity and toxicokinetic 
study with daclizumab in cynomolgus monkeys with a 12-week recovery period.
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 P019-11-01: A 9-month chronic toxicity study of daclizumab administered once 
every 2 weeks by subcutaneous injection to cynomolgus monkeys with a 12-
week recovery period.

 P019-08-01: A 2-week subcutaneous acute toxicity study in male cynomolgus 
monkeys with a 4-week or 8-week recovery.

Reproductive and Developmental Toxicology
 TR07135_2: A Male Reproductive Toxicology Study of Daclizumab Administered 

Bi-Weekly by Subcutaneous Injection to Cynomolgus Monkeys, with a Recovery 
Period.

 TR06121-1: A Female Reproductive Toxicology Study of Daclizumab 
Administered Bi-Weekly by Subcutaneous Injection to Cynomolgus Monkeys, 
with a Recovery Period.

Embryonic and Fetal Development
 TR07122: Preliminary Embryo-Fetal Development Study of Daclizumab 

Administered by Subcutaneous Injection to Pregnant Cynomolgus Monkeys.
 TR07123: Embryo-Fetal Development Study of Daclizumab Administered by 

Subcutaneous Injection to Pregnant Cynomolgus Monkeys.

Prenatal and Postnatal Development
 TC11-033: Pre-Postnatal Toxicity of Daclizumab HYP  Administered 

by Subcutaneous Injection to Pregnant Cynomolgus Monkeys with a 6-Month 
Postnatal Evaluation.

Special Toxicology Studies
 R&D-13-953: Characterization of Interleukin 2 (IL-2) receptor protein expression 

and IL-2 proliferation responses by primary human microglial cells.
 R&D-13-970: Characterization of Interleukin 2 (IL-2) receptor protein expression 

and IL-2 proliferation responses by primary cynomolgus monkey microglial cells.
 TR06098: Local Tolerance Study in Rabbits (Intravenous Injection) with 

Daclizumab.
 TR06080: Hemolysis assay in human whole blood with daclizumab.
 TR08279: Method Qualification Study to Establish the Conditions for Cross-

Reactivity of Zenepax and Daclizumab HYP with normal Human and 
Cynomolgus Monkey Tissues.

 TR08278: Cross-Reactivity Study of Daclizumab HYP with Normal Human and 
Cynomolgus Monkey Tissues.
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3.2 Studies Not Reviewed 
None

3.3 Previous Reviews Referenced
Summaries are provided for the nonclinical studies reviewed under IND  by 
Timothy Robison, Ph.D. (review dated 3/4/2008).

4 Pharmacology
4.1 Primary Pharmacology
DAC-HYP is thought to suppress T-cell mediated autoimmunity in relapsing MS by 
targeting the CD25 subunit of the high-affinity IL-2 receptor, while not affecting the 
intermediate (non-CD25) IL-2 receptor pathway. In vitro studies demonstrated that 
DAC-HYP prevents IL-2 induced proliferation and cytokine secretion in human and 
monkey primary lymphocytes. DAC-HYP had no pharmacological effect on primary 
lymphocytes isolated from rats or mice. Plasmon surface resonance revealed 
comparable affinity of DAC-HYP for human (KD = 0.49 nM) and monkey (KD = 0.42 nM) 
CD25. DAC-HYP and a mutant antibody which is unable to bind Fc receptors (FcR) 
were used to distinguish CD25-dependent and independent pharmacologic activities in 
human lymphocyte cultures. Both antibodies suppressed IL-2 induced proliferation. 
However, the mutant antibody did not down-regulate CD25 expression, nor induce 
antibody-dependent cell-mediated cytotoxicity (ADCC), suggesting that its effects on 
IL-2 are CD25 independent. An in vitro receptor binding panel suggested that DAC-
HYP-mediated ADCC likely occurred through interaction with the FcIIIR. DAC-HYP did 
not induce complement-dependent cytotoxicity.

4.2 Secondary Pharmacology
None

4.3 Safety Pharmacology
None

5 Pharmacokinetics/ADME/Toxicokinetics
5.1 PK/ADME
A standard battery of PK/ADME studies was not conducted with DAC-HYP. A single IV 
bolus of 5 mg/kg DAC-HYP in male and female cynomolgus monkeys (6/sex) revealed 
a plasma half-life of 136-305 h. ELISA methods were developed and validated for 
measuring DAC-HYP in cynomolgus monkey serum and milk. An ECL method using 
biotinylated DAC was developed and validated for measuring anti-DAC-HYP antibodies 
in monkey serum. A flow cytometry method was established and validated for 
measuring DAC-HYP-neutralizing antibodies in monkey serum.
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Cageside evaluations were performed twice daily; there were no drug-related clinical 
signs. 

Body Weights
There were no differences in weight gain among the study groups.

Food Consumption
Food consumption was evaluated qualitatively. Reduced food consumption was 
reported in two females in the 125 mg/kg group but did not correlate with any reductions 
in weight gain.

Hematology
Hematology and clinical chemistry were evaluated on study Days 3, 17, and 31. There 
were no remarkable hematology findings.
 
Clinical Chemistry
Clinical chemistry revealed elevations over baseline in ALT, AST, and LDH in 1/3 
females (50 mg/kg) and 3/3 males (200 mg/kg) within 48 h of the first dose (e.g., Day 3). 
These findings subsequently resolved and were not observed after the second or third 
doses. 

Dose 
(mg/kg) Sex

Animal 
No. Day ALT AST LDH

50 F 24108 3 ↑6.2 ↑18 ↑6.2

M 2440 3 ↑3.2 ↑4.7 ↑3.4

M 2448 3 ↑3.4 ↑5.5 ↑4.2200

M 2453 3 ↑1.6 ↑2.2 ↑5.4

(Study Day 3: Liver function tests)

Toxicokinetics
TK analyses were conducted after the 1st and 3rd doses. Increases in Cmax and AUC 
were generally dose-proportional. At all doses, Cmax was reached approximately 48 h 
after dosing, and plasma half-life ranged from 9 to 13 days. Decreases in serum DAC-
HYP were observed in 1/3 LD females (see below; Animal No. MF24103), but were 
attributed to the anti-daclizumab antibodies detected in this animal.

Reference ID: 3891711









BLA # 761029 Reviewer: David L. Carbone, Ph.D.

19

Methods
Doses: 0, 10, 50, 200 mg/kg (main); 0, 200 mg/kg 

(recovery)
Frequency of dosing: QD, every two weeks

Route of administration: SC injection
Dose volume: 2 mL/kg

Formulation/Vehicle:  mg/mL in  mM sodium succinate,  mM 
sodium chloride, and % Tween 80

Species/Strain: Cynomolgus monkeys
Number/Sex/Group: 4/sex/group (main); 3/sex/group (recovery)

Age: 1.7-3.3 years 
Weight: 1.7-2.4 kg (males); 1.7-2.0 kg (females)

Satellite groups: None
Unique study design: A pathology working group was convened to 

evaluate microglial aggregates in the brain and 
spinal cord.

Deviation from study protocol: No significant deviations

Summary of Findings 
(Based on review of IND  by T. Robison, Ph.D., 3/4/2008)

All animals were observed twice daily for mortality or morbidity. One LDF (I04868) was 
euthanized on study Day 210 due to unresolving dermal toxicity. Skin lesions in this 
animal were first observed on Day 169 and consisted of dry skin around the body 
extremities and orifices. Raised, plaque-like lesions were observed on the face, with 
possible vesicles on the eyelids, chin, and cheeks. Upon necropsy, large, bilateral 
lymph nodes were observed. Histologic examination revealed marked 
acanthosis/hyperkeratinosis, moderate subacute to chronic inflammation, and marked 
sebaceous gland atrophy.

Clinical signs in the remaining animals included a dose-responsive increase in the 
frequency of broken, dry, or red skin in males and females, which did not completely 
resolve during the recovery period in the HD animals. 
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(Table from nonclinical review of IND )

Dose-dependent decreases in body weight gain were observed in the males during the 
dosing period. Reduced weight gain in HD males persisted into the recovery period, 
while weight gain in females increased. Qualitative evaluation indicated decreases in 
food consumption in males and females during the dosing period. 
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(Table from nonclinical review of IND )

There were no abnormal ophthalmoscopy or ECG observations. There were no drug-
related effects on clinical chemistry parameters. Urinalysis revealed decreases in 
volume (43-63% of control) in the HD males. There were no drug-related effects on 
clinical chemistry. Hematology and peripheral blood immunophenotyping were generally 
unremarkable. 

Gross pathology included drug-related red/patchy skin accompanied by histological 
signs of acanthosis/hyperkeratosis and subacute/chronic inflammation of the dermis. 

Microglial aggregates in the brain and spinal cord were evaluated by a pathology 
working group. Focal and multifocal aggregates in the parenchyma of the brain 
consisted primarily of microglial cells. Aggregates were found in the cerebral cortex, 
cerebellum, midbrain, and pons, but there was no evidence of localization to any 
particular region. All foci consisted of ≤30 cells. No evidence of neuronal degeneration, 
axonal fragmentation, or demyelination was associated with the microglial aggregates. 
Minimal to slight focal and multifocal mononuclear infiltrates were found in the brain 
parenchyma, meninges, and choroid plexus. A mechanism responsible for the microglial 
aggregates was not determined by the working group. Following the recovery period, 
microglial aggregates were only detected in 1 HD female, suggesting that these effects 
are reversible. Evaluation of the spinal cord revealed small foci of microglial aggregates 
in 2 HD males and 1 HD female. No microglial aggregates were found in the spinal cord 
after the recovery period. 
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Study title:  Daclizumab: A 9-month chronic toxicity study of daclizumab 
administered once every 2 weeks by subcutaneous injection to 
cynomolgus monkeys with a 12-week recovery period.

Study no.: P019-11-01
Study report location: EDR

Conducting laboratory and location:
Date of study initiation: May 25, 2011

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Daclizumab, Lot #VVJJ20, 100%

Methods
Doses: 0, 10, 35, 200 mg/kg

Frequency of dosing: Once every two weeks, for 9 months, followed 
by a 12 week recovery period

Route of administration: SC
Dose volume: 1.33 mL/kg

Formulation/Vehicle: 150 mg DAC-HYP in  mM succinate , 
 mM sodium chloride, and % Tween 80

Species/Strain: Cynomolgus monkey
Number/Sex/Group: Main study, 4/sex/group

Age: 2.8-4.1 years
Weight: Males, 2.5-3.0 kg; Females, 2.3-3.1 kg

Satellite groups: Recovery group: 0, 35, 200 mg/kg, 2/sex/group
Unique study design: A pathology working group was convened to 

evaluate the microglial aggregates in the brain 
and spinal cord.

Deviation from study protocol: There were no significant deviations.

Observations and Results
Mortality
All animals were checked twice daily for mortality and morbidity; all animals survived 
until scheduled necropsy.
Clinical Signs
Cageside observations were performed once daily. Detailed clinical observations were 
performed once weekly for the duration of the study. Dry skin was noted in all groups 
but was more frequent in the MD and HD animals.
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(Sponsor’s Table; Dermal toxicity)

Body Weights
Animals were weighed weekly for the duration of the study. Daily weight gain in the 
males was slightly lower in MD (2.2%) and HD (2.2%) groups compared to controls 
(3.2%). There were no drug-effects on weight gain in the females. 

Food Consumption
Food consumption was qualitatively evaluated every morning for the duration of the 
study. Sporadic occurrences of low food consumption were noted but were not likely 
drug-related.

Ophthalmoscopy
Slit lamp and indirect ophthalmoscopy were performed once during the prestudy phase 
and once during week 39 of the main study. There were no adverse findings. No 
examinations were performed on the recovery animals. 

ECG
Examinations were performed twice during the prestudy phase, on Study Day 129 and 
Week 39, and on the recovery group animals. There were no ECG abnormalities.

Hematology, Coagulation, Clinical Chemistry, and Urinalysis
Blood samples for hematology, coagulation, clinical chemistry, and urinalysis were 
collected according to the schedule below; there were no abnormal findings.
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(Sponsor’s Table)

Peer Review: Yes

Signed Pathology Report: Yes

Histological Findings:

Microglial Aggregates
Focal and multifocal CNS microglial infiltrates were observed at all doses. Aggregates 
were randomly scattered throughout the gray and white matter of the brain and were 
present in the cerebral cortex, midbrain, thalamus, hippocampus, basal ganglia, piriform 
complex, pons, medulla, and cerebellum. In one HD female, the microglial aggregates 
were accompanied by signs of minimal hemorrhage. Microglial aggregates were also 
observed in the spinal cord of 3 HD males and 1 HD female.
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(Sponsor’s Table)

Observations and Results
Mortality
All animals were checked twice daily for mortality or morbidity; all animals survived until 
scheduled necropsy.
Clinical Signs
Clinical observations were recorded at least twice daily. Isolated occurrences of 
dry/flaky skin, soft feces, erythema, and alopecia were observed sporadically across all 
groups.
Body Weights
Body weights were recorded on study Day -1, and once per week thereafter; there were 
no drug effects on body weight gain.
Food Consumption
Food consumption was qualitatively measured daily. There were no drug effects on food 
consumption.
Ophthalmoscopy
Ophthalmic evaluations were performed before initiation of dosing, and on Days 3 and 
17; there were no drug-related findings.
ECG
Not evaluated
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Hematology
The schedule for blood sample collection is described in detail below. On study Day 4, 
total lymphocytes in Groups 2 and 3 were decreased by 37% and 30%, respectively, but 
resolved over the recovery period. There were no drug effects on coagulation.

(Sponsor’s Table)

Clinical Chemistry
No abnormal findings.

Urinalysis
Not evaluated.
Gross Pathology
There were no drug-related effects on organ weights or appearance.
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Histopathology
Adequate Battery: Yes

(Sponsor’s Table)
Peer Review: Yes

Signed Pathology Report: Yes
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Histological Findings:
Microglial aggregates, mixed cell infiltrates, and signs of microhemorrhage were 
observed in the brain and spinal cords of the HD animals on study Days 4 (Group 4; 
single dose) and 18 (Group 8; two doses). There was no neuronal necrosis. 
Immunostaining revealed that the glial cell aggregates were IBA-1+ and GFAP-, 
indicating the presence of microglia, but not astrocytes. The mixed cell infiltrates 
included lymphocytes and neutrophils. IBA-1 staining at Day 18 also revealed locally 
extensive areas of increased staining in the parenchyma in Group 8 animals, 
suggesting microglial activation. Microglial aggregates, mixed cell infiltrates, and 
evidence of hemorrhage were less frequent after 4- and 8-week recovery periods in 
Groups 4 and 8, respectively, but failed to completely resolve. 

(Sponsor’s Table)

(Sponsor’s Table)
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Special Evaluation: Neurobehavioral Assessments
Neurobehavioral assessments were performed prior to the initiation of dosing, and on 
Days 4, 10, and 18, and during Week 11. Behavior was evaluated by observing each 
animal from a distance, then moving closer to observe the animal for awareness, 
curiosity, alertness, attentiveness, and response to the examiner’s movement. Motor 
function was evaluated by observing symmetrical movement, strength, and 
coordination. Proprioception was evaluated by observing postural and gait reactions. 
Cranial nerve evaluation was performed by close visual inspection (see below) with the 
animal squeezed to the front of the cage. There were no abnormal findings.

(Sponsor’s Table)

Toxicokinetics
Increases in DAC-HYP exposure were generally dose proportional, and exposure 
increased with multiple doses.

Single Dose Multiple Dose
Day 1 Day 1 Day 15Dose 

(mg/kg) Cmax 
(ng/mL)

Tmax            
(days)

AUCD0-4 
(ngday/mL)

Cmax  
(ng/mL)

Tmax            
(days)

AUCD0-4 
(ngday/mL)

Cmax  
(ng/mL)

Tmax            
(days)

AUCD15-18 
(ngday/mL)

10 119750 3.5 302813 111325 4 1283588 186500 17.8 441575
35 413857 3.43 1072500 390143 3.71 116000 624286 17.1 1529446

200 1944286 3.71 299000 2790000 3.71 578000 3882857 17.3 28820714

Dosing Solution Analysis
Dosing solutions were between 98.9% and 105% of the target concentrations.
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Microglial aggregates were randomly scattered and were not immunopositive for GFAP. 
Aggregates were often accompanied by mild focal or multifocal perivascular infiltrate of 
mononuclear inflammatory cells. Fluoro-Jade B staining did not reveal any evidence of 
neuronal degeneration. Microglial aggregates were not observed at the end of the 
recovery period. 

(Table from IND  nonclinical review)

The t1/2 for DAC-HYP was 400.8 h in the HD animals. Exposure (Cmax and AUC) was 
generally dose-proportional between the 1st and 4th doses, although increases in these 
parameters indicated accumulation to achieve steady-state levels. Anti-drug antibodies 
were detected in one HD animal prior to the start of dosing but were not detected 
subsequently.
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Methods
Doses: 0, 10, 50, 200 mg/kg

Frequency of dosing: Every two weeks for 5 dosing periods (Study 
Days 1, 15, 29, 43, and 57).

Dose volume: 2 mL/kg
Route of administration: SC injection

Formulation/Vehicle: Preformulated in  mM sodium succinate,  
mM sodium chloride, % Tween 80.

Species/Strain: Cynomolgus monkeys
Number/Sex/Group: 5/group (main); 3/group (12-week recovery)

Satellite groups: None
Study design: The objective of this study was to evaluate any 

effects of DAC-HYP on the menstrual cycle, and 
reproductive hormones and organs in female 
monkeys. Dosing extended over 2 menstrual 
periods, and was synchronized to relative 
cycling.

Deviation from study protocol: There were no significant deviations.

Observations and Results
Mortality
All animals survived until scheduled necropsy.
Clinical Signs
Twice daily cage side observations did not reveal any drug-related clinical signs.
Body Weight
All animals were weighed weekly; there were no drug-related effects on weight gain.
Food Consumption
Food consumption was monitored daily; there were no drug-related effects.
Toxicokinetics
TK parameters were calculated after the 1st and 5th dose. Exposure (Cmax and AUC) 
increased in a dose-related manner, although accumulation by the 5th dose is indicated 
by elevations in exposure. The elimination half-life ranged from 268 to 313 h. Anti-
daclizumab antibodies were found in LD (2/5) and MD (1/5) animals.

(Sponsor’s Table)
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small size of the pregnant female. The increased incidence of fetal loss in the HD group 
was stated to be approximately twice the historical control rate and was likely drug-
related. 

(Sponsor’s Table)

Clinical Signs
Cage side observations were performed twice daily prior to pregnancy and up to the 
scheduled Cesarean section. Sporadic findings of low food consumption, dry skin, 
emesis, alopecia, and watery stool occurred throughout all groups, including controls.

Body Weight
Body weight was measured weekly prior to pregnancy and up to the scheduled 
Cesarean section. There were no drug-related effects on weight gain.

Food Consumption
Food consumption was measured daily prior to dosing and up to the scheduled 
Cesarean section. There were sporadic occurrences of low food consumption across all 
groups.

Toxicokinetics
TK parameters were calculated after doses 1 and 5. Increases in exposure (Cmax and 
AUC) were generally dose proportional on both days. Maximal plasma concentration 
(Tmax) occurred between 2.9 and 4.0 days after the first dose, and 1.9 and 2.2 days after 
the 5th dose. The terminal half-life (t1/2) ranged from 7.3 to 8.8 days. Four LD females 
were positive for anti-Daclizumab antibodies, but only one animal showed pronounced 
reductions in serum drug levels. Based on fetal loss, the NOAEL for this study was 50 
mg/kg Q1W (AUC = 128 mg×h/mL).
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(Sponsor’s Table)

Dosing Solution Analysis
Daclizumab  was supplied preformulated. Fresh vials were used on each 
day of dosing. Samples from each dosing solution were returned to the sponsor for 
evaluation. All dosing solutions were within 10% of the target concentration.

Clinical Chemistry
Analysis of serum chemistry and hematology were performed throughout gestation (GD 
20-22, GD 53-55, and GD 98-102); there were no remarkable findings.
 
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
Ultrasound evaluations throughout gestation revealed an abnormally small fetus in 1 
MD animal on GD 74, which was accompanied by decreases in amniotic fluid volume by 
GD 88. Following C-section, the small size of the fetus was thought to be due to 
reduced amniotic fluid volume (2 mL) and a twisted umbilical cord. The reduced size of 
this fetus resulted in decreases in mean fetus measurements in the MD group. 
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Dose (mg/kg) 0 5 50 200
Fetal Measurements    

Sex:     

     male 10 5 5  

     female 2 7 6 2

Crown-to-Rump -- -- ↓7% ↓10%

Crown-to-Heel -- -- -- ↓5%

Foot Length -- ↓3% ↓8% ↓4%

Body Weight -- -- ↓11% ↓3%

Body Weight

Offspring (Malformations, Variations, etc.)
Fetal skeletal examination did not reveal any drug-related bone abnormalities. The 
following fetal tissues were harvested at C-section but not evaluated.

(Sponsor’s Table)
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Results.
The objective of this study was to evaluate the toxicity of DAC-HYP in pregnant 
cynomolgus monkeys and their offspring. There were no effects of daclizumab on 
gestation length. Pregnancy and infant losses are summarized in the table below.

Group No. of 
Pregnant 
Females

No of 
Live 

Infants 
(M/F)

Pregnancy 
and Infant 

Losses 
(mother/fetus 

or infant)

Day of 
Loss

Cause of Death

1520/1206 GD114 Unknown
1507/1071 GD121 Unknown
1523/1236 GD147 Unknown
1517/1171 PND2 Unknown
1511/1111 PND 6 Euthanized due to maternal mistreatment

Control 20 17 
(9/8)

1504/1041 PND 18
Euthanized due to poor maternal care/bone 

fracture
2510/2100 GD117 Unknown
2512/2126 PND 1 Euthanized due to poor maternal care
2517/2171 PND 2 Poor nursing interaction

2521/2216 PND 2
Born with facial lacerations that interfered with 

nursing; euthanized
2514/2146 PND 3 Euthanized due to maternal neglect
2518/2181 PND 10 Euthanized due to maternal mistreatment

2520/2201 PND 15
Delivered preterm; euthanized due to maternal 

mistreatment

DAC-HYP 
(50 mg/kg) 20 19 

(10/9)

2503/2036 PND 29 Euthanized due to trauma (broken femur)

There were no drug-related clinical signs or changes in weight gain in the adults during 
gestation or following parturition. Routine ultrasounds throughout gestation did not 
reveal any effect on heart rate in the fetuses. There were no drug-related clinical signs 
or effects on weight gain or morphometric measurements in the offspring at birth or 
during the 6-month observation period. Neurobehavioral assessments were performed 
on BD 7 and 14, and did not reveal any drug effects on righting, palmer grasp, clasp-
grasp, visual following, prone progression, lipsmack orient, oral reflexes, eye reflexes, 
moro reflexes, negative geotaxis, buildup (increasing arousal levels in response to 
manipulation).

Hematology analysis performed on GD 50 and 134 in the adults and on BD 28, 91, and 
180 in the infants did not reveal any drug-related findings.

Toxicokinetics
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Serum IgM and IgG levels were evaluated in adults on GD 50 and 134 and in infants on 
BD14, 28, 91, and 180; there were no drug-related changes. There were no DAC-HYP 
related changes in CD20+ B-lymphocytes, CD3+ T-lymphocytes, CD3+/CD4+ T-helper 
lymphocytes, CD3+/CD8+ T-cytotoxic lymphocytes, CD3-/CD14+ monocytes, or CD3-
/CD16+ natural killer cells in infants on BD 28, 91, and 180. T-cell dependent antibody 
response was evaluated on BD147, 154, 161, 168, and 175 in the infants, following an 
intramuscular injection of keyhole limpet hemocyanin (KLH) on BD147; there were no 
daclizumab-related changes in anti-KLH IgM or IgG. 

Necropsy
A complete necropsy was performed on all infants, and the following tissues harvested 
and preserved in 10% neutral-buffered formalin. There were no remarkable findings.

8 Special Toxicology Studies

Study title:  Characterization of Interleukin 2 (IL-2) receptor protein 
expression and IL-2 proliferation responses by primary human microglial 
cells.

Study no.: R&D-13-953
Study report location: EDR

Conducting laboratory and location: AbbVie Biotherapeutics Corp.
1500 Seaport Blvd
Redwood City, CA 94063

Date of study initiation: 6/4/2012
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: DAC-HYP was not used in this study.

Objective/Methods:
The objective of this in vitro study was to determine whether the microglial aggregates 
observed in the nonclinical studies are due to direct effects of DAC-HYP on microglial 
cells, or whether the effect is an indirect result of elevations in IL-2 bioavailability within 
the CNS. Support for the second hypothesis is based on reported elevations in serum 
IL-2 levels in MS patients receiving DAC-HYP, probably due to suppression of the high-
affinity CD25 receptors. However, serum IL-2 was never measured in the monkeys. 
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Using cultured human microglial cells, the sponsor tested 1) expression of CD25, 2) 
expression of the CD122 and CD132 subunits of the IL-2 receptor, 3) proliferation in 
response to IL-2 stimulation, and 4) effects of CD25-blocking antibody fragments on IL-
2 mediated proliferation. At no point were the microglial cells actually treated with DAC-
HYP to test a direct interaction.

Results:
The identity of the cultured microglial cells was confirmed by FACS analysis, using 
antibodies against the microglial markers CD45 and CD11b. The absence of CCR2 
immunoreactivity was used to confirm that the CD45 and CD11b-immunoreactive cells 
were microglia, and not CNS resident monocytes. FACS analysis was also used to 
demonstrate that the microglial cells did not express the CD25 (high-affinity) subunit of 
the IL-2 receptor but did express CD122 and CD132 (intermediate affinity). IL-2 induced 
proliferation of microglia was measured by 3H thymidine incorporation in the presence of 
increasing concentrations of IL-2, revealing a dose-dependent effect that was not 
suppressed by CD25 blockade using a variant of daclizumab that lacks the Fc region. 
Although the microglial cells did not appear to express CD25, it was unclear why a 
direct interaction with DAC-HYP, such as through the FcR, was not evaluated, 
especially since the pharmacology studies indicated affinity for FcIIIR (Study RTR41). 
These data support the sponsor’s hypothesis that the microglial aggregates are due to 
elevations in IL-2 concentration, but alternative mechanisms, such as a direct 
interaction between DAC-HYP and microglia, cannot be ruled out based on this study.

Study title:  Characterization of Interleukin 2 (IL-2) receptor protein 
expression and IL-2 proliferation responses by primary cynomolgus 
monkey microglial cells.

Study no.: R&D-13-970
Study report location: EDR

Conducting laboratory and location: AbbVie Biotherapeutics Corp.
1500 Seaport Blvd
Redwood City, CA 94063

Date of study initiation: 10/22/2012
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: DAC-HYP was not used in this study.

Objective/Methods:
The objective of this study was to determine whether primary microglial cells isolated 
from cynomolgus monkeys express CD25, and are therefore susceptible to direct 
interaction with DAC-HYP. However, a direct interaction between the cultured microglial 
cells and DAC-HYP was never evaluated. In isolated primary microglia isolated from 
cynomolgus monkeys, the sponsor tested 1) CD25 expression, 2) CD123 and CD132 
expression, and 3) microglial proliferation in response to IL-2.
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9 Integrated Summary and Safety Evaluation

Introduction
Daclizumab-High Yield Process (DAC-HYP; ZINBRYTA™) is a humanized monoclonal 
antibody developed by Biogen Idec Inc. for the treatment of relapsing forms of multiple 
sclerosis (MS). The proposed clinical dose for DAC-HYP is 150 mg administered once 
every four weeks by subcutaneous injection with a prefilled syringe. 

Pharmacology
DAC-HYP is thought to suppress T-cell mediated autoimmunity in MS by selectively 
binding and inhibiting the CD25 subunit of the high-affinity IL-2 receptors. DAC-HYP 
does not suppress the intermediate (i.e. non-CD25) IL-2 receptors.  Pharmacology 
studies demonstrated that DAC-HYP blocks IL-2 induced proliferation and cytokine 
secretion in primary lymphocyte cultures from humans and cynomolgus monkeys. 
However, DAC-HYP was not pharmacologically active in rodent lymphocyte cultures. 
Plasmon surface resonance revealed similar affinity for human (KD=0.49 nM) and 
monkey (KD=0.42 nM) CD25. DAC-HYP induced antibody-dependent cell-mediated 
cytotoxicity (ADCC) in a cell culture system, likely through interaction with FCIII 
receptors on NK cells. DAC-HYP did not induce complement-mediated cell death. Given 
the absence of pharmacological activity in rodents, the in vivo toxicology studies were 
performed in monkeys.

PK/ADME
A standard battery of PK/ADME studies were not conducted for DAC-HYP. Analytical 
methods validated for the nonclinical studies included ELISA protocols for measuring 
DAC-HYP in serum and milk samples, a competition ECL assay for detecting anti-
daclizumab antibodies, and a flow cytometry method for detecting anti-daclizumab 
antibodies. TK data were collected in the toxicology studies. Following SC 
administration in monkeys, bioavailability ranged from 50 to 73%, with a Tmax of 2-3 
days and t1/2 of approximately 10 days. Exposure (Cmax and AUC) was consistent 
between males and females, and increased in a dose-proportional pattern.

Additional Studies
There was no irritation when DAC-HYP was administered to rabbit ears by IV injection. 
There was no hemolysis of human whole blood exposed to DAC-HYP. In cross-
reactivity studies, DAC-HYP did not bind adrenal, bone marrow, cerebrum, cerebellum, 
kidney, ovary, parathyroid, and urinary bladder tissues in monkeys, or blood smears, 
bone marrow, and peripheral nerve tissues in humans. In both species, DAC-HYP was 
bound to cytoplasmic granules in glial cells, which were thought to include both 
astrocytes and microglial cells.

Toxicology
No adverse clinical signs were observed in monkeys administered a single IV bolus of 
15 or 30 mg/kg DAC-HYP. Repeat-dose toxicology was initially evaluated through 
biweekly SC injection of up to 200 mg/kg DAC-HYP over 6 or 13 weeks in male and 
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female monkeys. Pivotal toxicology was first evaluated with a 39-week study in male 
and female monkeys administered 0, 10, 50, or 200 mg/kg DAC-HYP by biweekly SC 
injection. A second study of similar design but of 9-months duration was later conducted 
to evaluate doses of 0, 10, 35, or 200 mg/kg. Target organs for drug-related toxicity in 
the repeat-dose studies included the skin and CNS. Following the identification of CNS 
toxicity, a 2-week study consisting of one or two SC doses was performed to better 
evaluate acute CNS toxicity. 

Dermal Toxicity:
Reversible, drug-related dermal effects were observed in males and females in the 39-
week and 9-month studies. Skin findings consisted of increased frequency and severity 
of dry, red, raised patchy areas of skin, with microscopic correlates consisting of 
minimal to mild acanthosis/hyperkeratosis and inflammation. No mechanism for the 
dermal toxicity was described by the sponsor, although it was suggested that elevations 
in serum IL-2 levels may play a role in this finding. Although elevations in serum IL-2 
were reported following DAC-HYP administration in humans, no such measurements 
were performed in monkeys. There was no NOAEL for the dermal toxicity.

Central Nervous System Toxicity
Microglial aggregates in male and female monkey brain and spinal cord were reported 
at doses greater than 10 mg/kg in the 13-week, 39-week, and 9-month studies. Similar 
findings were also reported in the male fertility study at doses greater than 10 mg/kg. 
The microglial aggregates consisted of small (≤30 cells) accumulations of cells 
distributed randomly throughout the brain (gray and white matter) and the spinal cord. 
Aggregates were often accompanied by inflammatory infiltrate and occasionally by 
signs of microhemorrhage (hemosiderin deposits). The NOAEL for microglial 
aggregates was 10 mg/kg in the 39-week and 9-month studies.

An acute study consisting of only 1 or 2 doses (0, 10, 35, 200 mg/kg SC) was performed 
to better characterize the CNS toxicity of DAC-HYP. Microglial aggregates appeared 
after a single 200 mg/kg dose. Immunostaining confirmed that the aggregates consisted 
primarily of microglial cells (i.e., IBA1+) and not astrocytes. No signs of demyelination or 
axonal/neuronal degeneration accompanied the aggregates and general resolution was 
observed after a 4- or 12-week recovery period. A functional observation battery was 
performed to evaluate cranial nerve function, which did not reveal any behavioral 
abnormalities. However, it is unclear whether such a qualitative evaluation would be 
sensitive enough to detect a subtle neurological effect. 

A mechanism responsible for the formation of the microglial aggregates has not been 
identified, but the sponsor has proposed that elevations in serum IL-2 with subsequent 
interactions with intermediate-affinity receptors on the microglia might lead to this 
finding. To support this argument, studies were conducted in isolated human or monkey 
microglial cells, revealing the presence of CD122 and CD132 (intermediate affinity), but 
not CD25 (high affinity) IL-2 receptors. Subsequent experiments with the microglial 
cultures revealed a proliferative response to IL-2, which was not suppressed by co-
administration of a DAC-HYP fragment which lacks the FC region. These data support 
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in monkeys at the NOAEL and humans receiving the proposed clinical dose, the safety 
margin for the microglial aggregates is approximately 9-fold. Given an inadequate safety 
margin for the microglial aggregates and the availability of alternate therapy for 
relapsing forms of MS, DAC-HYP is not recommended for approval.

10 Appendix/Attachments
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