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1.  Benefit-Risk Assessment 

Benefit-Risk Summary and Assessment 

Relapsing multiple sclerosis is a chronic and potentially disabling brain disease of unknown etiology characterized by intermittent 

episodes of focal neurological deficit and scattered lesions of demyelination in the brain.  In some patients, there is a gradual 

accumulation of disability over decades.  Severe disability early in the course of the disease is not common.  The relapse symptoms 

themselves may be disabling for short periods, usually 30-days or less.  Despite the slow course of the disease, some patients with 

the disease express high tolerance for the possibility of serious adverse effects of any drug that may reduce relapse rates or 

disability over the longer term of the disease.  There are eleven different FDA-approved drugs for MS.  All have frequent or serious 

adverse effects.  The unmet need for relapsing MS is a drug or drug combination that prevents long-term disability better than 

available treatments and does so with fewer adverse effects. 

The primary benefit of treatment with daclizumab is a reduction in relapse rates.  The 1841-patient Trial 301, performed under a 

Special Protocol Assessment, showed a statistically significant 45% reduction in relapse rate compared to Avonex.1  The proportion of 

patients without any relapses for two years in Trial 301 differed by 15%, favoring daclizumab over Avonex.  Number needed to 

treat in order to prevent relapses in one patient for two years would be approximately 6.  The statistical confidence interval may 

underestimate the uncertainty about the actual relapse rates because of the presence of common unblinding side effects and a 30% 

dropout rate.  The 600-patient Trial 201 showed a 54% reduction in relapse rates compared to placebo.  The number of patients without 

any relapses for one year in Trial 201 differed by 16%.  Uncertainty in Trial 201 is due to significant design issues, the potential for 

unblinding, and the one-year duration of the trial.   

It is less certain that patients can expect daclizumab to reduce the number of episodes of disability progression lasting 12 weeks or 

more.  As defined in the statistical analysis plans, there was no statistically significant change in the incidence of disability 

progression lasting 12 weeks in either Trial 301 or Trial 201.2  The point estimates for the proportion of patients who experienced 

disability progression taking daclizumab are less than control by 4% over two years and 7% over 1 year in Trial 301 and Trial 201, 

respectively.  These differences are small when compared to the potential bias introduced by the study design and execution of the 

                                                 

1 This review refers to the specific product, Avonex, rather than interferon β-1a, because there are three products approved for this drug substance:  Avonex, Rebif, 

and Plegridy.  The dose is specific for each product.  Avonex is for IM and the others for SQ administration.   
2 There were trends showing a reduction in both trials.  Trial 201 had nominally significant results but these were not statistically significant due to multiplicity 

adjustment and inclusion of disability as an exploratory measure.   
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trials.  There was no clinically significant overall change from baseline in the mean disability scores over the duration of the two 

trials despite the reduction in of the number of episodes of disability progression in either trial in all treatment groups.3   

In contrast to the uncertainty of the effect of daclizumab on disability, it is clear that daclizumab exposes all patients to the risk of 

serious adverse events.  Safety reviews identified major and potentially life-threatening safety events4 that occurred more often with 

daclizumab than placebo or Avonex.  They included drug-induced liver injury (DILI), serious immune-mediated reactions, 

infections, seizures, malignancies, depression, and suicidality.  These potentially disabling events were more frequent with 

daclizumab than either placebo or Avonex.  There is no way to predict which patients will experience these adverse events.  They 

occurred throughout the course of therapy and some occurred after discontinuation of daclizumab.  Some of these events resolved 

months after discontinuing daclizumab and some required invasive procedures for diagnosis and treatment with additional 

immunosuppressive medications.  The clinical safety reviewers and consultants concluded that significant benefit would be 

required to offset the risks of daclizumab.   

Because the sponsors did not include a global measure of disability that would integrate risks and benefits, there is no direct 

measure of global benefit.  Because bias was poorly controlled, the point estimates for the clinical outcomes are likely inaccurate in 

favor daclizumab.  One can construct plausible arguments that Trial 301 shows that the effect of daclizumab on disability 

progression is non-inferior or even superior to that of Avonex.  To do so one must assume that that bias was well controlled, 

dropout was uninformed, that unblinded treating physicians accurately reported subjective clinical outcomes, that corrections for 

multiplicity adjustment can be overlooked, the statistical model accounts for bias, or that a failed superiority outcome can be 

interpreted as noninferiority.  These assumptions may be misleading, particularly in contrast to the certainty of the serious safety 

concerns. 

One possible benefit is that daclizumab may offer a reduced relapse rate to patients who experience relapses despite taking another 

approved drug because it has a different mechanism of action and there is uncertainty about the disease and drug mechanisms.  

There is no direct evidence of this possible benefit.   

In conclusion, daclizumab reduces the relapse rate compared to Avonex but at increased risk of serious life-changing adverse 

effects and without substantial evidence of a meaningful reduction in episodes of increased disability lasting 12-weeks or 

longer.  Approval is recommended with labeling that describes these serious risks and uncertain benefits.   

                                                 

3 Table 5, page 20, and Table 6, page 20. 
4 Excluding relapses reported as serious adverse events.  See Table 15 and Table 16, below 
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year exposure in most RMS trials is weaker than the evidence 

of a reduction in relapse rate.  The evidence in RMS drug 

labels for a reduction in disability progression shows smaller 

effect sizes and lacks confirmation in a second trial for some 

drugs.5   

 The major uncertainties are due to the subjectivity of the clinical 

outcomes, relapse and disability progression, different 

operational definitions of the outcomes, and the fact that most 

of the drugs approved for MS have frequent characteristic 

side effects that make effective blinding difficult.  In some 

trials, dropout rates are high.  Bias may explain some portion 

of the effects observed in the trials.   

 MRI findings may be more objective but there is no clear link 

between clinical outcomes and MRI changes.   

 One of the interferons, Rebif, has demonstrated superiority to 

another interferon (Avonex6) in reducing the proportion of 

relapse free patients at 2 years. 

 Because of serious safety concerns, the alemtuzumab label 

restricts use to patients who have not responded adequately 

to two or more other approved therapies.   

 Tysabri is associated with risk of PML, a potentially fatal 

opportunistic infection of the brain.  The risk of PML is 

approximately 0.2% per year of treatment.  PML occured at a 

lower incidence in patients taking Gilenya and Tecfidera. 

 Labels for 10 of 11 FDA-approved MS drugs report disability 

progression outcomes.7  In some of these labels, all the 

effects. 

Comparing outcomes in trials of different 

drugs is potentially misleading because of 

different populations, trial duration, and 

operational definitions of the two clinical 

outcomes:  relapse and disability 

progression.   

None of the currently approved drugs 

stands out from the rest.   

                                                 

5 See Appendix, Table 25 and Table 26 
6 Avonex is interferon β-1a, the active comparator in the major Trial 301 that confirms daclizumab reduces relapse rate.  
7 Appendix, Table 25 
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2.  Background 

ZIMBRYTA (daclizumab) for subcutaneous injections from prefilled syringes has a 

different route of administration that the daclizumab marketed from 1997 to 2009 as 

Zenapax for intravenous infusion to prevent rejection after organ transplant.14  

Daclizumab is a humanized monoclonal antibodies that binds to the -subunit of the 

IL2 receptor on T-cells.  Biogen proposes to market daclizumab for treatment of 

relapsing forms of multiple sclerosis.   

Relapsing multiple sclerosis (RMS) is a chronic progressive brain disorder characterized 

by episodes of neurological dysfunction, relapses, which generally occur at a rate of 

once every two years and usually last less than 30 days.  Most commonly, relapses are 

episodes of weakness or numbness in an arm or leg, pain and loss of vision in one eye, 

unsteady walking, double vision, difficulty speaking, or dizziness.  Early in the disease 

course, the relapse symptoms resolve leaving minimal or no disability.  The clinical 

symptoms and rate of worsening are widely variable.  In some longitudinal studies, the 

progression of irreversible disability occurs independently from relapses as if they are 

two separate aspects of the disease.15  Generally, the age that symptoms first appear is 

20-50 years.  Two-thirds of patients are women.  Over several years, many, but not all, 

MS patients experience some degree of persistent disability.  Among those who do 

become disabled, the mean time from first symptoms is 11.4 years until disability 

becomes significant but leaving the patient self-sufficient and up and about some 12 

hours a day and able to walk without aid or rest for 500 meters.  The average time is 

23.1 years before there is a need for a cane or crutch despite the ability to walk 100 

meters.15  MS shortens lifetimes by about 5 years.  Patients and patient advocates at FDA 

advisory committee meetings state that some MS patients, particularly those with active 

disease, have a very high tolerance for adverse effects because of their concerns about 

long-term disability.   

Eleven different drugs are FDA-approved to prevent relapses in RMS.16  Five of the 11 

are interferon β-1(a or b) products.  All of the drugs reduce relapse rates.  One of the 

                                                 

14 The approved dose of Zenapax is 1mg/kg IV every 14 days for a total of 5 doses.   The proposed dose 

for daclizumab is 150mg SC every 4 weeks for an indefinite period. 
15 Christian Confavreux, M.D., Sandra Vukusic, M.D., Thibault Moreau, M.D., And Patrice Adeleine, 

M.D., Relapses And Progression of Disability In Multiple Sclerosis, NEJM, November 16, 2000, No. 20, 

Volume 343, pp. 1430-8. 
16 Betaseron, Avonex, Copaxone, Rebif, Tysabri, Gilenya, Aubagio, Tecfidera, Plegridy, Lemtrada, and 

Novantrone.  Extavia is Betaseron under another name and Glatopa is a generic form of Copaxone. 
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interferons, Rebif, has demonstrated superiority to another interferon β-1, Avonex, for 

reducing the proportion of relapse free patients at 2 years.  In general, evidence of an 

effect on disability progression during the two-year exposure in most RMS trials is 

weaker than the evidence of a reduction in relapse rate.  The evidence in RMS drug 

labels for a reduction in disability progression shows smaller effect sizes and lacks 

confirmation in a second trial for some drugs.17   

Because of serious safety concerns, the alemtuzumab label restricts use to patients who 

have not responded adequately to two or more other approved therapies.  Tysabri is 

associated with risk of PML, a potentially fatal opportunistic infection of the brain.  The 

risk of PML is approximately 0.2% per year of treatment.  PML has occurred in a 

smaller proportion of patients under treatment with fingolimod and dimethyl fumarate.   

The etiology of MS relapses and disability progression is unknown and may differ 

among individuals.  Daclizumab is different from the other approved MS drugs because 

it targets the IL-2 receptor.  No other approved MS drug targets the IL-2 receptor.   

The Division of Neurology Products issued a Special Protocol Agreement for Trial 301 

with the annual rate of relapses as the primary outcome. 

3.  Product Quality   

The 11-member quality assessment team18 recommends approval.  They find that the 

data in the application support the conclusion that the manufacture of Zinbryta 

(daclizumab) is well controlled and leads to a product that is pure and potent.  The 

team recommends 7 post-marketing commitments (PMRs).  One PMR calls for 

development of assays to detect neutralizing antibodies that are tolerant to the presence 

of daclizumab at all levels likely to be present in patients on treatment.  The other 6 

PMRs are to validate assays, conduct product quality studies, and re-evaluate 

specifications.  Figure 1 depicts the pre-filled syringe to be used by patients for 

subcutaneous injection.   

                                                 

17 Table 26, Appendix, page 48 
18 Chen Sun (Drug Substance, Drug Product, Immunogenicity); Bo Chi (Microbiology Drug Substance); 

Colleen Thomas (Microbiology Drug Product; Wayne Seifert (Facility); Anita Brown (Regulatory Business 

Process Manager); Joel Welch (Application Technical Lead, Drug Substance and Drug Product Team 

Leader); Patricia Hughes, (Microbiology Team Lead); Peter Qiu (Facilities Team Lead); Juhong Liu (OBP 

Branch Chief) 
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Figure 1 Daclizumab 150mg Prefilled Syringe 

 

Christopher J. Brown, P.E., performed the CDRH review of the device.  He 

recommended the pre-filled syringe for daclizumab is approvable from the perspective 

of the applicable Quality System Requirements.  He did not find deficiencies in the 

documentation review of the application for compliance with the Quality System 

Requirements.  Inspections were conducted and deemed acceptable.   

4.  Nonclinical Pharmacology/Toxicology 

David Carbone, Ph.D., performed the nonclinical pharmacology and toxicology review.  

The most significant toxicities identified in nonclinical studies were red, raised, and 

patchy areas of the skin and scattered microglial aggregates throughout the brain and 

spinal cord.  Skin and brain toxicities generally resolved within 12 weeks.  Because the 

proposed 150mg dose is not within the safety margin established for microglial 

aggregates, because there is no way to monitor the presence of the aggregates clinically, 

and because alternative therapies for relapsing forms are available, Dr. Carbone 

recommends against approval of daclizumab.   

In her secondary review, Lois Freed, Supervisory Pharmacologist, determined 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. 

Microglial aggregates occurred after a single 200 mg/kg subcutaneous dose in 

nonclinical studies.  See Figure 2.  Mononuclear cell infiltration and hemosiderin 

deposits (indicators of hemorrhage) accompanied some of the microglial aggregates.  

There was no evidence of axonal degeneration or myelin loss.  In 9-month studies, the 

highest dose that did not produce microglial aggregates was 10 mg/kg administered 

biweekly.  No symptoms correlated with the presence of the aggregates in nonclinical 

studies.   
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Figure 2  Microglial Aggregate.  The glial cells have more condensed, have less round 

nuclei and are intermixed with inflammatory cells.  Animal 4007, H&E, 40X, Slide 1 

 

 

Nonclinical toxicology studies found skin toxicity consistent with that observed in 

clinical trials.  However, it is unknown whether microglial aggregates are similarly 

replicated in humans, because this finding cannot be monitored in a clinical setting. 

Concern over the microglial aggregates is due to the unknown effect of this abnormality 

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.19  Given 

this inadequate safety margin for the microglial aggregates and the availability of 

alternate therapy for relapsing forms of MS, daclizumab, Dr. Carbone does not 

recommend approval.   

Skin toxicity only occurred with repeat doses.  There was no dose tested that had no 

skin toxicity. 

5.  Clinical Pharmacology 

The clinical pharmacology review team primary reviewer was Ta-Chen Wu, Ph.D.  His 

team leader was Angela Men, M.D., Ph.D.  Pharmacometrics reviewers were Xiaofeng 

Wang, Ph.D. and Kevin Krudys, Ph.D.  Pharmacogenomics reviewers were Hobart 

Rogers Pharm.D, Ph.D. and Christian Grimstein Ph.D.  The team found the application 

acceptable if the sponsor accepts appropriate changes to their proposed label.   

                                                 

19 A safety margin of 10-fold the no adverse effect level (NOAEL) dose from nonclinical studies is the 

standard requirement for safety.   
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General clinical pharmacology:  absorption, food effects, bioavailability 

The median time to maximum concentration (Tmax) after SC administration is 1 week. 

The absolute bioavailability of subcutaneous daclizumab 150mg is 90%.  After the 

fourth monthly dose, daclizumab 150 mg reaches a steady-state serum level 

approximately 2.5-fold that of a single dose.  In MS patients taking 150 mg SC doses of 

daclizumab once a month, the estimated steady-state volume of distribution of 

daclizumab is approximately 6.34 liters.  This distribution volume suggests daclizumab 

distributes to the vascular and interstitial spaces. 

Pathway of elimination, including metabolism, half-life, and excretion  

Daclizumab has an elimination half-life (t1/2) of approximately 3 weeks.  Elimination 

occurs via proteolysis, target-mediated elimination, and nonspecific endocytosis.  As a 

protein, it will undergo catabolism to peptides and amino acids in the same manner as 

endogenous IgG.  Hence, daclizumab is not expected to undergo renal or hepatic 

elimination.  The clearance of daclizumab is 0.212 liters per day.  Clearance in patients 

with neutralizing antibodies was approximately 19% higher. 

Factors potentially affecting elimination: age, gender, hepatic impairment, and renal 

impairment.  

Age, weight, and sex do not affect exposure to daclizumab or its pharmacodynamics to 

an extent that would require dosage adjustment.  The sponsor observed similar 

pharmacokinetic parameters in Japanese and Caucasian subjects.  The clinical 

pharmacology team could not rule out race-specific differences in pharmacokinetics for 

other races because there were so few subjects in these subgroups.  The label will 

recommend against daclizumab use in pediatric patients due to the risk of hepatic 

injury, autoimmune and other immune-mediated conditions, skin reactions, and 

malignancies. 

Renal impairment does not require a dose adjustment because the kidneys are not a 

significant route of elimination.  Neither is the liver.  However, abnormal liver function 

is a contraindication to starting treatment with daclizumab.   

 

Drug-drug interactions 

Multiple doses of daclizumab 150 mg SC every 4 weeks in MS patients had no 

significant effects on the pharmacokinetics of probe substrates for CYP1A2, CYP2C9, 

CYP2C19, CYP2D6, and CYP3A in MS patients.  Therefore, medications that are 

substrates of these CYP enzymes do not require dosage adjustment when given 

concomitantly with daclizumab.  
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Immunogenicity 

Neutralizing antibodies (Nab) increased daclizumab clearance by 19% but there was no 

discernible affect of immunogenicity on the efficacy, safety, or pharmacodynamics.  

Antidrug antibodies and NAbs (transient or persistent) had no apparent effect on 

relapse rate, adverse events, serious adverse events, cutaneous events, infections, or 

liver function tests.  Product Quality review recommends development of an assay that 

is tolerant to the presence of the drug.  See 3-Product Quality, above, and 13-

Postmarketing Recommendations, below. 

Thorough QT study or other QT assessment. 

The sponsor did not study the effect of daclizumab on QT or QTc because, as a 

monoclonal antibody, daclizumab has a low likelihood of direct ion channel 

interactions. 

Hepatotoxic drugs 

Trial 301 excluded patients currently taking valproic acid, carbamazepine, lamotrigine, 

or phenytoin unless they had been taking only one of these medications at a stable dose 

for at least 6 consecutive months prior to randomization.  Trial 301 also excluded 

patients who were taking isoniazid, propylthiouracil, or nimesulide at the time of 

randomization.20 

6.  Clinical Microbiology  

Not applicable. 

7.  Clinical/Statistical- Efficacy 

Larry Rodichok performed the primary clinical review for this BLA application.  He 

concludes that there is convincing evidence that daclizumab reduces the relapse rate in 

patients with relapsing MS in comparison to Avonex but that there is not convincing 

evidence that daclizumab has a clinically meaningful beneficial effect on disability 

compared to Avonex.   

The statistical reviewer, Xiang Ling, Ph.D., concludes that the data overall provided 

adequate evidence to support the efficacy of daclizumab 150 mg as treatment of subjects 

with relapsing MS.   

                                                 

20 Trial 301 Clinical Study Report page 49 of 112. 
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In his clinical review, Dr. Rodichok performed his own analysis of important outcomes 

in the 301 and 201 Trials.  He found no significant discrepancies between his own 

analyses and those of the sponsor.  The statistical reviewer, Xiang Ling, Ph.D., 

confirmed the accuracy sponsor's analyses and compliance with the statistical analysis 

plan that the sponsor submitted just prior to locking the study database.  

The remainder of this review describes pertinent features of the trial designs, presents 

trial results as reported by the sponsor and then focuses on the uncertainties about the 

effect of daclizumab on disability.  In general, this review agrees with Dr. Rodichok that 

daclizumab reduces relapse rate but may not have a clinically meaningful effect on 

disability.  This review also includes an Appendix with tabular summaries of the 

disability and relapse outcomes presented in labels of other FDA-approved MS drugs 

corroborated by similar tables constructed by Dr. Rodichok.21 

Trial Design 

Two trials evaluated the efficacy of daclizumab for RMS:  Trial 301, a two-year 1841-

subject active-controlled trial, and trial 201, a one-year 621-subject exploratory placebo-

controlled trial.  The DNP issued an SPA Agreement Letter for the Trial 301 protocol 

after performing a Special Protocol Assessment (SPA).  The sponsor did not request an 

SPA agreement for the Trial 201 protocol.   

Trial 301, an 1841-patient randomized 1:1 double-blind trial, compared 150mg of 

daclizumab by subcutaneous injection every 4 weeks to 30 mcg of Avonex interferon β-

1a by intramuscular injection once per week.  The Trial 301 protocol scheduled clinic 

visits every 12 weeks for up to 144 weeks or until 96 weeks after randomization of the 

last patient.  The sponsor chose the 150mg dose because Trial 201 had shown no 

additional benefit for a 300mg dose despite increased adverse events.  The primary 

outcome was annualized relapse rate (ARR).  Clinicians administered the daclizumab 

injections from vials, not from the prefilled syringes the applicant will market. 

Trial 201, a 52-week, double-blind, controlled trial, compared 150 mg and 300 mg 

subcutaneous doses of daclizumab to placebo in 621 patients with relapsing multiple 

sclerosis randomized 1:1:1.  The protocol divided the 52-week trial into two parts:  a 24-

week placebo controlled trial (Part 1) followed by a 28-week placebo controlled part 

that allowed patients to choose to add a β-interferon (Part 2) to the study treatment.  

The primary outcome was annualized relapse rate (ARR). 

                                                 

21  Table 25, Table 26, and Table 27 beginning on page 47. 
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The main differences between the designs for Trials 201 and 301 were that Trial 301 

exposed patients for two-plus years compared to one year, had four times as many 

patients per treatment group, and used an active comparator rather than a placebo 

control. 

Both trials use the same definitions of relapses and 12-week disability progression.  

Scheduled disability score examinations (EDSS) occurred every 3 months.   

Uncertainties and significant issues introduced by the trial design are discussed below 

on page 25. 

Results 

Dr. Ling agrees with the applicant that for the primary efficacy endpoint there was a 

54% reduction compared to placebo in Trial 201 and a 45% reduction compared to 

Avonex in Trial 301 (p-value less than 0.0001 for both trials).  She considered the 

evidence for a reduction in relapse rate to be robust because of supporting sensitivity 

analyses and subgroup analyses.  In addition, she states that daclizumab treatment 

resulted in a "numerical" (not statistically significant) slowing of disability progression 

as measured by EDSS.   

 

Study Population 

Baseline characteristics for Trial 201 and 301 are in Table 1 for comparison.  Despite 

differences in the inclusion criteria related to the number of prior relapses and the 

number of MRI lesions at baseline, the two trials appear to have recruited populations 

with similar baseline EDSS, enhancing lesions at baseline, and relapses in the year prior 

to randomization.  The most prominent difference appears to be in the use of MS 

therapy prior to randomization.  Compared to Trial 201, a higher proportion of patients 

in Trial 301 had taken approved MS treatments prior to randomization.  See Table 1, 

below. 
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Neither Trial 201 nor Trial 301 directly addressed whether daclizumab worked in 

patients who failed prior MS therapies.  Patients treated with other MS drugs prior to 

randomization had to have stopped the drug from 30 days to one year before entering 

the trial.  Patients were not included if they did not have evidence of recent disease 

activity.   

Dr. Rodichok found that daclizumab-treated patients had a higher rate of relapse if they 

had taken interferon β before randomization in Trial 301 and had a greater reduction in 

ARR with daclizumab compared to Avonex if they had no prior therapy (Figure 3, 

below).  In Trial 201, patients with no prior MS treatment showed the greatest 

differences in the response to treatment.  The sponsor analyzed relapse rate and 

proportion with relapse at one year for Trial 301 and 201, respectively.  See the 

sponsor's data in Table 8 and Table 9, below.   

Figure 3  Trial 301 Forest Plot ARR With and Without Prior MS Treatment33 

 

 

 

                                                 

33 Adapted from Trial 301 CSR, Figure 10, page 230 of 3937. 
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Significant Review Issues in Clinical Trial Design, Conduct, or Analysis 

In the clinical review, Dr. Rodichok identifies a number of uncertainties related to the 

design, conduct, and analysis of the two clinical trials.    

Effectiveness of Blinding 

There is some evidence that blinding was not effective in Trial 301.  Most MS trials, 

including Trial 201 and 301, use blinded evaluators for the EDSS scale to reduce 

observer bias.  In these trials, however, patients and treating physicians who may have 

been unblinded by side effects made the significant decisions required to determine if a 

relapse event occurs.  

From Dr. Rodichok's review:  " A relapse was defined as any new or recurrent neurologic 

symptoms that correlate with an  “objective” neurologic deficit on examination by the examining 

neurologist or technician. A minimum increment in neurologic deficit was not required. An 

assessment of EDSS, MSFC and VFT39 was included in the assessments by the examining 

neurologist/technician if the event was referred by the treating neurologist."   

Although described by the applicant as based on "objective" deficits, relapses are 

subjective events reported by patients and screened by potentially unblinded treating 

physicians to select the subset of patients who receive formal neurological examinations 

performed by blinded examiners on potentially unblinded subjects.  Before examination 

by blinded examiners, the protocol requires clinical staff to cover patients' injection 

sites.  The requirement to cover injection sites to maintain blinding of the blinded rater 

is an acknowledgement that treating clinicians and patients who can see the injection 

sites are potentially unblinded.  In addition, a potentially unblinded clinical investigator 

decides whether the findings of the blinded examiner "correlate" with the patient's 

symptoms after the examination is completed.   

The frequency of disclosing side effects may be lower for daclizumab than for Avonex.  

Therefore, the blinding may have been more effective in Trial 201 with a placebo control 

than in Trial 301 with the active Avonex control.   

The 12-week progression-of-disability events are also subjective.  The protocol defines 

these events as a change in the EDSS scale.40  This scale is essentially a 

complete neurological examination with over 100 items.  An algorithm converts the 

neurological deficits to disability ratings ranging from 0-10.  The neurological exam is 

                                                 

39 Expanded Disability Status Scale, MS Functional Composite, Visual Function Test. 
40 .  Expanded Disability Status 

Scale (EDSS) training and certification  Cllinical Study Report for Trial 301. 
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itself subjective, highly dependent on the effort and attention of the subject and the 

judgment of the examiner.  The protocol requires clinic visits to perform the EDSS every 

three months and acutely after the onset of a relapse.  Dr. Rodichok points out in his 

review that the protocols do not clearly state whether or not the blinded examiner, 

treating physician, or patient can know the previous EDSS score at the time of the EDSS 

test.   

An Independent Neurology Evaluation Committee (INEC) adjudicated relapse events 

that, in the opinion of the treating physician, met protocol criteria for a confirmed 

relapse.  However, potentially unblinded investigators decided whether blinded 

evaluators would examine patients reporting relapse events and whether the relapse 

met protocol criteria.  Potentially unblinded clinical investigators also determined 

whether the event was a relapse after reviewing the examination by the blinded 

examiner.  The clinical investigators decided which events the INEC committee saw.  

The INEC did not adjudicate potential relapse events reported by patients but 

dismissed by the treating neurologist. 

Blinding the rater does not control bias in the decisions and efforts made by patients 

and treating physicians.  As Dr. Rodichok points out in his review, the patients and 

treating physicians contribute significantly to the determination that a relapse had 

occurred.  Both are likely to be aware of unblinding side effects and both can introduce 

bias.    

There is evidence that suggests blinding was not fully effective in Trial 301.   

The sponsor argues that that bias did not meaningfully affect the study results because 

the relapse rates were similar in patients who did and did not report flu-like 

symptoms.41  This review emphasizes that a further interpretation of this information is 

that bias was present and the effect size was smaller in the patients who reported 

relapses in both treatment arms.  Table 10 summarizes the data the sponsor uses to 

support this conclusion.  In Trial 301, 47% of Avonex-treated patients reported flu-like 

symptoms and may have guessed the identity of the study drug.42  The relapse rates are 

"similar" for Avonex patients with and without flu-like symptoms (0.391 and 0.330) and 

for daclizumab patients (.292 and .203).  Nevertheless, patients with flu-like symptoms in 

both treatment arms reported more INEC-confirmed relapses and they had a smaller relative 

                                                 

41 Module M2  ClinicalOverview.pdf, page 24 of 154.    
42 Some sources report higher rates for flu-like symptoms in Avonex-treated patients.  For example, Ryan 

reports 61% in Table 2 in "Drug Therapies for the Treatment of Multiple Sclerosis," Journal of Infusion 

Nursing, Volume 32, May-June, 2009, pp. 137-144. 
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Avonex.  This suggests that patients in both arms of the trial may have guessed their 

treatment assignment (Figure 544).  If so, some of the observed effect in the trial may 

have been due to bias.45 

Figure 5  Trial 301 Subjects Who Did Not Use NSAIDs after Randomization.   

  

Data Quality and Protocol Compliance 

Dr. Rodichok identified several indications of problems with data quality and trial 

conduct in Trial 301.  These problems included submission of the statistical analysis 

plan and modifications to the hierarchy of secondary outcomes after randomization 

began and a high proportion of randomized subjects who did not complete the trial:  

30%.  For comparison, the proportion of patients who experienced no relapses differed 

in the Avonex and daclizumab groups by 15%.  With a 30% dropout rate twice the effect 

size, the missing data could have significantly altered the Trial 301 outcome.   

Another source of uncertainty is that the sponsor failed to collect the protocol-required 

Suspected Relapse Questionnaire for all patient-reported relapse events.  The applicant did 

not collect this questionnaire when a potentially unblinded treating physician decided 

to disregard an event as a possible relapse.  As a result, there is no record of some 

patient-reported relapse events.  Blinded examiners did not examine patients who 

                                                 

44 Copied from Dr. Rodichok's review 
45 Figure 5 also suggests that approximate 50 patients made informed decisions to stop NSAIDS before 

the end of the 24-week period that the protocol required all patients to take NSAIDS.   
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reported these events and the INEC did not have the opportunity to assess the treating 

physician's decision to disregard them.   

The Trial 301 investigators did not evaluate relapses as quickly as the protocol required.  

The mean interval from the onset of symptoms to evaluation by the treating neurologist 

was 5.39 ± 5.96 days for the daclizumab group and 6.04±8.47 days for the Avonex group.  

The maximum time allowed by the protocol is 3 days.  The protocol requires that the 

treating physician evaluate patients reporting suspected relapses within 48 hours of 

onset.  The reported interval reported was 0 days for 70% of patients evaluated for 

suspected relapses in Trial 301.  Dr. Rodichok finds it implausible that investigators 

evaluated this proportion of patients on the same day as symptom onset.  He expresses 

doubts about the credibility of the dates and times recorded to document the relapse 

event confirmation process.   

Trial Design Issues 

For Trial 201, issues related to clinical trial design, conduct, and analysis are more 

serious than for Trial 301.  Enrollment in Trial 201 began with a protocol that had MRI 

lesion count as the primary outcome, typical of early phase 2 exploratory proof-of-

concept trials intended as preludes to adequate and well-controlled trials to provide 

evidence of safety and effectiveness in support of approval.  However, 9 months after 

randomizing the first patient and enrolling approximately 155 subjects, the sponsor 

made major revisions to the protocol that included:46  

1. changing the primary endpoint from MRI lesions to relapse rate at Week 52; 

2. doubling the sample size from 297 to 594; 

3. establishing a closed hierarchical sequential analysis for secondary outcomes47 

4. changing the method of analysis of the ARR  

5. adding exploratory endpoints to assess the effect on progression of disability 

6. changing the method of determining the proportion of subjects who relapse 

7. adding a futility analysis despite concern by FDA biostatistician48 

These unplanned midstream changes may be acceptable for an exploratory trial to help 

choose a dose or determine a potential drug effect.  They are generally not acceptable 

                                                 

46 Amendment 5, protocol version 6, dated November 20, 2008.  First randomization February 15, 2008, 

and the last visit August 30, 2011. 
47 The sequential analysis does not include any outcomes to assess disability progression 
48 July 14, 2009 COR-INDAD-02(Advice/Information Request) 
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for an adequate and well-controlled trial intended to provide substantial evidence to 

support a claim of safety and effectiveness.49     

Another Trial 201 design issue is that after 24 weeks, the protocol allows subjects 

experiencing a relapse to start injecting IFN-β in addition to the study drug.  Few 

patients took this option.  Seven subjects began taking IFN-β, 5 in the placebo group 

and 1 each in the daclizumab 150 mg and daclizumab 300 mg groups.    

There is a question whether the Trial 201 disability outcomes meet evidentiary criteria 

because they were never pre-specified primary or secondary outcomes.   

Trial 201 was one-year in duration.  Most "pivotal" MS trials observe patients for two 

years.  The most uncertainty about the 12-week sustained disability outcome occurs in 

the 12-weeks before the subject completes the trial and the first 12-weeks at the 

beginning of the trial when subjects may still be adjusting to a new treatment.  With a 

52-week trial, a much higher proportion of sustained disability progression events will 

occur during these periods of higher uncertainty.  With 12 weeks between visits, there 

are only three EDSS measurements after baseline before the trial ends.   

The sponsor makes plausible post-hoc arguments that the observed small reductions in 

disability progression associated with daclizumab in Trials 301 and 201 are statistically 

significant.  For trial 301, plausibility that daclizumab reduces disability progression 

more than Avonex requires assumptions that bias did not significantly affect dropout or 

EDSS scores even though there is evidence that bias was present.  It also requires the 

post hoc assumption that Trial 301 is a valid noninferiority trial for disability despite 

weaknesses in overall performance and data quality.   

Efficacy Conclusion 

This review concludes that there is evidence that Daclizumab reduces the annualized 

relapse rate in patients with relapsing multiple sclerosis compared to Avonex and 

placebo.  However, the BLA does not contain substantial evidence that daclizumab 

reduces the number of episodes of 12-week disability progression.   

 

                                                 

49 FDA Guidance for Industry Adaptive Design Clinical Trials for Drugs and Biologics.  2010. 

http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm064981.htm 
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8.  Safety 

Lourdes Villalba, MD, the primary safety reviewer, has serious concerns about the 

safety of daclizumab.  She recommends against approval unless efficacy is 

overwhelming.  If the benefits of daclizumab outweigh the risks, the secondary safety 

reviewer, Sally Jo Yasuda, Pharm.D., recommends approval with a requirement for a 

Risk Evaluation and Mitigation Strategy (REMS) with Elements to Assure Safe Use 

(ETASU) and prescribing information that includes a boxed warning, recommendations 

for stringent patient monitoring, and a Medication Guide for the patient.   

In brief, the safety reviews identify major and potentially life-threatening safety events 

associated with daclizumab that include drug-induced liver injury (DILI), serious 

immune-mediated reactions, infections, seizures, malignancies, depression, and 

suicidality.  There is no way to predict which patients will experience any of these 

serious events before starting treatment.  The events occurred throughout the course of 

therapy; some after discontinuation of daclizumab.  Some of these events resolved 

months after discontinuing daclizumab and some required invasive procedures for 

diagnosis or treatment with additional immunosuppressive medications.   

Quality of Safety Data 

FDA extended the review period by three months because the sponsor submitted 

extensive amendments to provide adequate safety data not in the original application.  

Even with the additional safety data, Dr. Villalba found inadequate follow-up of 

adverse events and events categorized as non-serious when in fact they were serious.  

Dr. Villalba found descriptions of serious events in patient narratives that she could not 

find in the AE dataset; drug withdrawals appeared as interruptions.  She is concerned 

that the incomplete reporting may lead to an underestimate of the toxicity of 

daclizumab. 

Exposure 

Three clinical trials and associated extension studies in RRMS patients are the source of 

the safety data:  trials 201, 301, and 302 (see Table 12 and Figure 6).   

At the time of the Safety Update (SUR), 2236 patients (~5200 patient-years) had taken 

daclizumab; 1785 of these were patients with MS (~4100-patient years).  For MS 

patients, the mean number of 150mg doses was 26; the maximum was 74.50  See Table 

11. 

                                                 

50 iss-scs-tables-figures.pdf, daclizumab/0000/m2/27-clin-sum, Table 16, page 42 of 6938. 
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--Drug-induced liver injury (DILI) 

Dr. Yasuda agrees with Dr. Villalba that daclizumab is associated with DILI.  They are 

both concerned about patient safety because the onset of DILI is unpredictable, occurs 

despite monitoring, can be fatal, and there is no way to identify susceptible patients. 

There was one death due to DILI.  The patient took thirteen 300 mg doses in Trial 201 

and then four doses of placebo in Trial 202.  ALT was 1.3 x ULN at screening but 

normal from baseline through week 32 in Trial 201.  After week 32, ALT was increased 

but not more than 2 x ULN until she completed Trial 201 and entered study 202.  In 

Trial 202, she took placebo for 6 months.  She had a relapse treated with 

methylprednisolone and tizanidine, a hepatotoxic muscle relaxer, one month before she 

restarted daclizumab 300 mg.  After restarting, there was a progressive rapid ALT 

increase and decline in liver function.  She died of liver failure after taking four 300 mg 

doses one month apart.   

After this death, the applicant modified the Trial 301 protocol.  The change required the 

treating neurologist to temporarily stop treatment with the study drug until results of 

liver function tests (ALT, AST, and total bilirubin) performed no more than 7 days prior 

to administration were available.  Investigators were to required to temporarily 

suspend treatment if ALT or AST was more that 3 x ULN or total bilirubin was more 

than 2 x ULN.  Study treatment could restart if, within 8 weeks of stopping treatment, 

ALT and AST levels fell to 2 x ULN or below and total bilirubin to 1 x ULN or below.  If 

levels remained above these values for 8 weeks, then the protocol required permanent 

discontinuation.  The protocol also required permanent discontinuation if, after 

restarting treatment, levels exceeded criteria for suspending treatment a second time.   

Drs. Villalba and Yasuda emphasize the following in their review of adverse events 

related to DILI: 

• Transaminase elevations for daclizumab were greater than for control in the 

controlled trials.  Elevations of ALT or AST occurred in more than 5% of 

daclizumab-treated patients and more often in daclizumab-treated patients 

than Avonex-treated or placebo-treated controls. 

• At least 4 Hy’s law cases were identified in the clinical trial database for which 

a role for DAC cannot be ruled out.57 

                                                 

57 In her review, Dr. Yasuda writes that "finding 2 Hy’s law cases in a clinical trial database is considered 

highly predictive that the drug has the potential to cause severe DILI (fatal or requiring transplant) when 

given to a larger population, at a rate of about 1/10th the rate of Hy’s law cases.  The role of DAC cannot 

be ruled out in at least 4 Hy’s law cases; that is a rate of at least 4/2336 (about 9/5,000); the potential to 
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• At least 7 cases of DILI (2 of the Hy’s law cases, including the death) were 

autoimmune hepatitis (AIH).  Some of these AIH cases did not have the 

characteristic serum autoantibodies (such as ANA) of idiopathic AIH. 

• In all studies, there were 21 DILI SAEs.  Eight of these patients received high 

dose corticosteroids, including 3 also treated with azathioprine, for suspected 

autoimmune hepatitis (AIH) 

Dr. Yasuda and Dr. Villalba requested reviews of hepatic events from Drs. Mark Avigan 

and John Senior in the FDA Office of Pharmacovigilance and Epidemiology.  Dr. 

Avigan stated "it is unlikely that any risk mitigation strategy including periodic serum 

biochemical monitoring would fully eliminate risk for a life-threatening clinical adverse 

outcome."  His reasons are the broad inter-and intra-individual variability of the clinical 

presentation, the time to onset and severity of episodes of idiosyncratic DILI, including 

drug-induced AIH, and the rapid acceleration of organ injury that may occur in some 

cases."  Dr. Senior, in general, agrees with this statement and the reasons.  However, Dr. 

Avigan concludes, "nonetheless, regular assessments and monitoring at regularly 

scheduled appointments … are likely to reduce serious outcomes."  Dr. Senior disagrees 

with this conclusion because data in the current submission do not demonstrate that 

intensive monitoring prevents serious adverse events and because he doubts there will 

be compliance with monitoring requirements.   

Dr. Senior places the assessment of risk in the context of other available treatments and 

the likelihood and extent of beneficial effects.  "I am not impressed that daclizumab fills 

an unmet need, as claimed by Biogen, but am quite alarmed at the high frequency of 

serious liver toxicity, especially that appearing like a form of autoimmune hepatitis that 

progresses despite stopping its administration.  …  This is a new and ominous kind of 

DILI, where the usual adaptation is not enough to overcome the delayed 

immunological attack on hepatocytes triggered by the daclizumab."  He also states that 

if the drug is approved, the sponsor should track all patients treated to determine 

"whether they get the benefits claimed on not, and to determine the actual incidence of 

unintended effects." 

                                                                                                                                                             

cause severe DILI would be predicted to be about at least 2/10,000 (if the cases of AIH have the same 

implications as the non-AIH cases)." 
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Committee agreed with the Division’s plan for a full waiver and requested that the 

labeling reflect the safety concerns in section 8.4.  

11. Other Relevant Regulatory Issues  

There are no other relevant regulatory issues. 

12. Labeling  

Prescribing Information 

The review team recommends that the daclizumab label contain a boxed warning about 

hepatic injury including autoimmune hepatitis and other immune disorders.   

FDA labeling guidelines66 and previous advice to the applicant would suggest that no 

disability outcomes would be included in the daclizumab label because the 12-week 

disability outcome failed to achieve statistical significance as defined in the statistical 

analysis plans for the two confirmatory trials. 67 

Labels for 10 of 11 different FDA-approved MS drugs report disability progression 

outcomes.68  In some of these labels, the disability outcomes are not all statistically 

significant, but all labels except the Copaxone and Novantrone69 labels contain at least 

one trial that showed a statistically significant effect (p-value less than 0.05) for a 

disability progression outcome at two years.  All the statistically significant results 

applied to two years of observation and the comparator was placebo in all but the 

                                                 

66 Guidance for Industry.  Clinical Studies Section of Labeling for Human Prescription Drug and 

Biological Products — Content and Format.  2006.  Page 5.  "Primary and Secondary Endpoints: The terms 

primary endpoint and secondary endpoint are used so variably that they are rarely helpful. The 

appropriate inquiry is whether there is a well-documented, statistically and clinically meaningful effect on a 

prospectively defined endpoint, not whether the endpoint was identified as primary or secondary. 
67 While DNP did agree to the primary ARR outcome after a Special Protocol Assessment, they warned 

the applicant that no consideration for inclusion in labeling would be given to exploratory endpoints or 

secondary endpoints that did not meet the pre-specified hierarchical plan for multiplicity adjustment in 

the statistical analysis plan.  In response to the statistical analysis plan for Trial 201, the statistician 

informed the sponsor that "The secondary endpoints should adhere to the following criteria in order to 

possibly be considered for inclusion in labeling:  1) An endpoint capturing values that are also captured 

by the primary endpoint will normally not be eligible for inclusion in labeling.   2)  Secondary endpoints 

need to have multiplicity adjustment at a family-wise type-I error of 0.05."  Russell G. Katz.  IND 12120 

Advice/Information Request from FDA to Facet Biotech Corporation July 14, 2009.  
68 Appendix, Table 25 
69 The Novantrone label includes a statistically significant difference in EDSS at 6 months in one study. 
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alemtuzumab label where the positive trial was an open label trial with Rebif as the 

comparator.   

13. Postmarketing Recommendations 

Risk Evaluation and Management Strategies (REMS) 

At a meeting on March 8, 2016, the REMS Oversight Committee (ROC) discussed the 

need for risk management efforts beyond the product labeling to ensure that benefits of 

daclizumab outweigh its risks.  The Division anticipates low usage because the safety 

profile of the drug has been widely reported in the multiple sclerosis community.  

Prescribers are already aware of the risks and the proposed indication would be in a 

very narrow population of MS patients who had not responded to at least two other 

therapies.  The proposed label is for a narrower indication than the studied population.  

The Division also anticipates that neurologists who are MS specialists would be the primary 

prescribers.  If FDA approves daclizumab without a REMS that includes Efforts to 

Assure Safe Use (ETASU), the community could perceived that FDA believes 

daclizumab is safer than other drugs approved with similar risks, which is not 

necessarily the case.  The ROC recommended a REMS with ETASU.  The focus of the 

REMS will be to assure monthly laboratory testing prior to each dose of the drug. 

Postmarketing Requirements (PMRs) and Commitments (PMCs) 

PMR's are currently under discussion.   

14. Recommended Comments to the Applicant 

None. 
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