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1 Executive Summary
In this original Biologics License Application (BLA), Biogen, Inc. is seeking approval for 
ADUHELM™ (Aducanumab; BIIB037) to delay the clinical decline in patients with 
Alzheimer’s Disease (AD). 

Aducanumab is a human immunoglobulin G1 (IgG1) monoclonal antibody targeted 
against the aggregated forms of amyloid-β pathway, including soluble oligomers and 
insoluble fibrillar forms. Binding of aducanumab to aggregated forms of Aβ is reported to 
promote the removal of β-amyloid from the brain through a microglia-mediated 
phagocytosis mechanism. Currently, there are five approved therapies for treating various 
stages of dementia associated with AD. They include cholinesterase inhibitors: donepezil, 
rivastigmine, and galantamine, the N-methyl-D-aspartate antagonist: memantine, and a 
combination of donepezil and memantine. These drugs work by regulating 
neurotransmitters. However, there are no approved therapies that delay the clinical 
decline of Alzheimer’s Disease. 

The applicant conducted one phase 1b/2 randomized, double-blind, placebo-controlled, 
safety and efficacy study (Study 103) in patients with prodromal AD and mild AD dementia 
with a positive amyloid PET scan. Dose- and time-dependent trends observed in amyloid 
PET, Clinical Dementia Rating Scale - Sum of Boxes (CDR-SB), and Mini Mental State 
Exam (MMSE) data from this study informed dose selection for subsequent phase 3 
studies. 

Two phase 3 randomized, double-blind, placebo-controlled, safety and efficacy studies 
301 and 302, with identical designs were conducted in patients with mild-cognitive 
impairment (MCI) due to AD and mild AD dementia with a positive amyloid PET scan. 
These studies included two target maintenance dose levels of 6 mg/kg (low dose) and 10 
mg/kg (high dose). In March 2019, the applicant announced termination of these phase 
3 studies based on the results of a prespecified interim futility analysis with a data cutoff 
date of December 26, 2018. Subsequent analyses of individual study results based on 
data through March 20, 2019 differed from the results of the futility analyses, with study 
302 showing positive results for the 10 mg/kg dose group: reduction in baseline- and 
placebo-corrected primary efficacy endpoint CDR-SB scores during 78-week treatment 
period, while study 301 did not.  

Given the high unmet medical need and apparent discordant study results, the agency 
engaged with the applicant through Type C meetings on four occasions between June 
2019 and June 2020. Additionally, a collaborative workstream was established between 
the agency and the applicant to understand existing data (as noted in June 2019 Type C 
meeting minutes). In Type C meeting held in October 2019, the agency agreed that the 
results of studies 301 and 302 are interpretable and suitable for additional consideration. 
Ultimately, the agency agreed to file aducanumab BLA in July 2020. 
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In the BLA submitted in July 2020, the applicant is seeking approval for 10 mg/kg dose 
(with initial titration period) in patients with a confirmed positive amyloid PET scan. The 
applicant also submitted exposure-response analyses for CDR-SB and secondary 
efficacy endpoints, e.g., Alzheimer’s Disease Assessment Scale-Cognition 13 items 
(ADAS-Cog13) and Alzheimer’s Disease Cooperative Study-Activities of Daily Living 
Inventory-Mild Cognitive Impairment (ADCS-ADL-MCI) as supportive evidence. 

This application was discussed at the Peripheral and Central Nervous System (PCNS) 
Drugs Advisory Committee (AC) meeting on November 6, 2020. The AC panelists 
overwhelmingly voted that: there is no strong evidence to support effectiveness of 
aducanumab in light of the discordant results between study 301 and 302, and results 
from study 103 do not provide supportive evidence. However, the votes were split 
between ‘Yes’ (N=5) and ‘Uncertain’ (N=6) for question on strength of evidence on the 
pharmacodynamic effect on AD pathophysiology. Additionally, one of the AC panelists 
raised questions about the probability to observe the positive findings from 302 under a 
null assumption that aducanumab is the same as placebo. 

This was a complex application with one phase 3 study meeting its prespecified statistical 
analysis while an identical second study did not. The OCP review team carefully 
considered the observations from the PCNS-AC panel as well as the opinions within the 
review team and conducted several independent, exploratory quantitative analyses to 
scrutinize available information from aducanumab clinical development program. The 
team acknowledges that there are no definitive clinical pharmacology reasons that could 
fully explain the discordant results for the 10 mg/kg dose group between studies 301 and 
302. However, exploratory analyses clearly suggest that a subgroup of patients before 
protocol version 4 amendment (Pre-PV4) contributed to differential impact of 
aducanumab’s drug effect on disease progression slopes between studies 301 and 302. 

There is a consensus within the entire OCP review team that aducanumab has 
demonstrated consistent pharmacodynamic effects (e.g. Aβ plaque quantified by PET-
Standardized Uptake Value Ratio [SUVR] in multiple clinical studies). The team also 
believes that Aβ plaque burden has clinical significance in the pathophysiology of 
Alzheimer’s disease. The key findings of the review team are summarized below: 

1) Clear exposure-efficacy and dose-response relationships for aducanumab

Positive exposure-response (efficacy) relationships were identified across multiple 
clinical endpoints for Studies 301 and 302, even though the magnitude of drug 
effect on disease progression slopes was different. The exposure-response 
relationships were consistent for different clinical endpoints that were 
independently assessed and found to be only partially correlated (CDR-SB, ADAS-
Cog-13, and ADCS-ADL-MCI) in these studies. Furthermore, there is evidence of 
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dose-response for exploratory clinical endpoints CDR-SB and MMSE in the dose-
finding study 103. Additionally, the magnitude of drug effect on Aβ-SUVR reduction 
for 10mg/kg dose was similar in studies 103 and 302.

 

2) Consistent pharmacodynamic effect (Aβ plaque reduction) in clinical studies 
and a clear relationship between Aβ plaque reduction and clinical endpoint 
CDR-SB for aducanumab

Positive exposure-amyloid plaque (Aβ plaque quantified by PET-SUVR) reduction 
in clinical trials 301 and 302, and a clear association between Aβ plaque reduction 
in brain and preservation of clinical function (i.e., SUVR-CDR-SB relationship) 
across clinical trials 302, 301 and 103 within aducanumab development program.

3) Similar relationship between Aβ plaque reduction and clinical endpoint CDR-
SB reported with other candidate drugs targeting Aβ pathways

OCP review team collected the amyloid plaque (PET-SUVR) reduction and clinical 
endpoint (CDR-SB) data from publicly accessible resources for multiple 
compounds currently under development that target amyloid-beta pathways. 
Analyses of these data also indicated a consistent amyloid plaque (PET-SUVR) 
reduction-clinical endpoint relationship, even though there may be differences in 
the characteristics of the patient population between aducanumab and other 
clinical development programs, reinforcing the importance of this finding. These 
analyses highlight the importance of Aβ pathways in AD pathophysiology and 
progression of the disease. 

4) Clinical trial simulations showed very low probability of a false positive 
finding for the high dose group in Study 302, strongly suggesting that Study 
301 result could be a chance finding driven by a subgroup in the high dose 
group.  

OCP review team conducted extensive clinical trial simulations and concluded that 
the probability of high dose group in study 302 being a false positive is very low, 
and that the high dose group in study 301 is likely a chance finding driven by a 
subgroup (pre-PV4). Additionally, these results also indicated that the probability 
to observe the overall positive findings from 302, 301 and 103 under the null 
assumption that aducanumab is the same as placebo is extremely low. Thus, it is 
extremely unlikely to see the pattern of results observed in these three studies if 
aducanumab was ineffective.
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Given the consistent pharmacodynamic effect of aducanumab on amyloid plaque 
(PET-SUVR) reduction in all the clinical studies and the relationship between 
pharmacodynamics and clinical endpoint CDR-SB, the negative findings for CDR-
SB for the high dose group in Study 301 appears to be a chance finding (Type 2 
error) driven by the Pre-PV4 subgroup. 

In summary, the OCP review team considered information from all clinical studies for 
aducanumab (103, 301 and 302), collated data on amyloid pathophysiology in AD, 
considered the high unmet medical need in AD and applied a totality of evidence 
approach in this review to provide the final recommendations.

1.1 Recommendations
Following a thorough review of all available information submitted in BLA 761178, 
extensive independent analyses, and various considerations outlined above, the OCP 
review team supports regulatory approval of aducanumab with a maintenance dosing 
regimen of 10 mg/kg once every 4 weeks following initial titration period to delay the 
clinical decline in patients with Alzheimer’s Disease. 

Key review issues with specific recommendations and comments are summarized below.  

Table 1 Summary of Review Issues and OCP Recommendations

Review Issues Recommendations and Comments

Evidence of 
effectiveness 

The evidence of effectiveness is based on the totality of 
evidence from clinical trials 302, 301 and 103. This includes: 

 Positive findings for the high dose group from Study 302

 Dose-response relationship from study 103

 Exposure-response (efficacy) relationships in CDR-SB, 
ADAS-Cog13, ADCS-ADL-MCI endpoints from studies 
301 and 302 

 Exposure-SUVR and SUVR-clinical endpoint 
relationships observed in studies 301, 302 and 103 
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Review Issues Recommendations and Comments

General dosing 
instructions:

Initiate treatment at 1 mg/kg as an IV infusion over one-hour 
Q4W for 2 doses and increase the dose to 3 mg/kg Q4W for 2 
doses and then to 6 mg/kg Q4W for 2 doses. 
Administer 10 mg/kg as IV infusion over one-hour Q4W as 
maintenance regimen.  
All doses are administered intravenously in 100 ml bag of 0.9% 
Sodium Chloride Injection, USP. 

Dosing in patient 
subgroups 
(intrinsic and 
extrinsic factors)

No dose adjustments are needed based on age, race, sex, 
renal or hepatic impairment, food-intake or drug/transporter 
mediated interactions. 

Bridge between 
the “to-be-
marketed” and 
clinical trial 
formulations

Differences in the clinical trial and commercial formulations with 
respect to cell-lines, manufacturing and formulation aspects 
were noted. The applicant submitted reports to demonstrate 
analytical similarity between the clinical and commercial 
formulations. Based on the discussions held with CMC, OBP 
review teams, it was noted that applicant’s reports provided 
adequate evidence to support analytical similarity as per ICH 
Q5E guidelines.  Thus, it was concluded that the to be marketed 
product is adequately bridged to the clinical trial formulation. 

1.2 Post-marketing Requirements

None from OCP review team. 

The OCP review team carefully considered Dr. Atul Bhattaram’s opinion that aducanumab 
can be approved on the basis of effects on Aβ plaque quantified by PET-SUVR followed 
by the conduct of an additional efficacy study.  While an additional clinical study could 
provide more data, the rest of the review team does not feel that this is necessary. As 
presented in Section 1 above, there is clear evidence available from a clinical 
pharmacology perspective at this time supporting regulatory approval of aducanumab. 
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2 Summary of Clinical Pharmacology Assessment

2.1 The Pharmacology and Clinical Pharmacokinetics 

Mechanism of Action:

Aducanumab is a monoclonal immunoglobulin G1 (IgG1) antibody targeting the 
aggregated forms of amyloid-β pathway, including soluble oligomers and insoluble fibrillar 
forms. The applicant notes that it modifies the disease course by facilitating the removal 
of amyloid plaques accumulated in the brains of patients with Alzheimer’s Disease.

Absorption

Since aducanumab is administered intravenously, absorption is not relevant. 

Distribution

The volume of distribution of aducanumab is 9.6 liters. 

Metabolism and Excretion

Aducanumab is expected to be degraded into small peptides and amino acids via 
catabolic pathways in the same manner as endogenous IgGs. Monoclonal antibodies 
typically do not undergo metabolism by the cytochrome P450 system and are unlikely to 
be affected by drug transporters; therefore, no drug interaction studies were conducted 
with aducanumab. 

The mean clearance of aducanumab is 0.0159 L/h and the mean terminal half-life was 
approximately 25 days. 

Age, Race and Sex 

The covariate effects of age, race, and sex are unlikely to be clinically relevant (please 
refer to Appendix 4.3 for further details). Therefore, no dose adjustments are 
recommended for aducanumab based on these covariates.
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Specific Populations

Patients with Renal or Hepatic Impairment 

The IgG monoclonal antibodies undergo elimination via intracellular catabolism and 
therefore, hepatic impairment is not expected to significantly impact the disposition of 
aducanumab. The renal elimination of monoclonal antibodies is generally considered low. 
Thus, the applicant did not conduct any dedicated studies to evaluate the impact of renal 
or hepatic impairment on the PK of aducanumab. The impact of renal/hepatic impairment 
is unlikely to be clinically relevant and therefore, no dose adjustments are recommended 
for aducanumab based on renal or hepatic impairment.

Immunogenicity:

Overall, the final immunogenicity database consisted of 2689 randomized subjects who 
received at least 1 dose of aducanumab at any time in studies 301 and 302, across all 
dose arms included in placebo-controlled and/or open-label safety extension periods in 
which anti-aducanumab antibody (ADA) results were collected. Of these patients, 15 
(0.6%) showed treatment-emergent anti-aducanumab antibody response (i.e., ADA-
positive status) at any time during the placebo-controlled or active treatment period (long-
term extension period). The applicant did not evaluate for the presence of neutralizing 
antibodies against aducanumab. 

Overall, the incidence rates of the treatment-emergent ADA-positive response groups are 
relatively low. Because of the low sample size, it was not feasible to evaluate the potential 
impact of ADA status on PK exposures, efficacy and safety. Please refer to Office of 
Biotechnology Products review for additional details on immunogenicity assessments. 
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2.2 Dosing and Therapeutic Individualization

2.2.1 General dosing

In patients with a confirmed presence of amyloid β pathology using PET scan, the 
following dosing regimen should be followed: 

Treatment initiation
Administer 1 mg/kg as an intravenous infusion over approximately one hour every 4 
weeks (Q4W) for 2 doses and increase the dose to 3 mg/kg Q4W for 2 doses and then 
to 6 mg/kg Q4W for 2 doses.
Maintenance dosage 

The recommended dose is 10 mg/kg administered as IV infusion over approximately one-
hour Q4W.  

This dosing regimen is identical to that evaluated in the efficacy/safety studies 301, and 
302.   

2.2.2 Therapeutic individualization

Aducanumab is administered on a bodyweight basis and no therapeutic individualization 
is necessary based on other extrinsic/intrinsic factors. 

Aducanumab is administered by intravenous route, and therefore, food-drug interactions 
are not anticipated. In addition, the drug-drug interaction liability is considered low (See 
Section 3.3.4). No dedicated clinical studies were performed in subjects with renal or 
hepatic impairment; however, renal/hepatic impairment is not expected to impact the 
pharmacokinetics of aducanumab. Therefore, no dose adjustment is warranted in patients 
with hepatic/renal impairment. 

2.2.3 Outstanding Issues

None. 

2.2.4 Summary of Labeling Recommendations

The applicant’s labeling recommendations are generally acceptable. 
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3 Comprehensive Clinical Pharmacology Review

3.1 Overview of the Product and Regulatory Background 
The drug product is supplied as a single-use vial containing 100 mg/mL aducanumab 
solution for intravenous administration. The vial consists of a clear to opalescent and 
colorless to yellow solution for dilution in a 100 mL bag of 0.9% Sodium Chloride Injection, 
USP, prior to intravenous infusion. More than one vial may be needed for full dose. 

Currently, there are five approved therapies for treating various stages of dementia 
associated with AD. They include cholinesterase inhibitors: donepezil, rivastigmine, and 
galantamine, and the N-methyl-D-aspartate antagonist memantine, and a combination of 
donepezil and memantine. Aducanumab is a human monoclonal immunoglobulin G1 
(IgG1) antibody targeting the aggregated forms of amyloid-β pathway, including soluble 
oligomers and insoluble fibrillar forms.

The clinical development program of aducanumab consists of 6 clinical studies. One 
phase 1 study was conducted in healthy volunteers, evaluating the absolute bioavailability 
with subcutaneous administration, while the rest were conducted in patients with AD: two 
phase 1 studies (single ascending and multiple ascending dose studies), one phase 1b/2 
randomized, double-blind, placebo-controlled, safety and efficacy study and two phase 3 
randomized, double-blind, placebo-controlled, safety and efficacy studies. Additionally, 
phase 1b/2 and phase 3 studies had an open-label extension long-term safety arm each. 

Two special protocol assessment (SPA) agreement letters were issued by the agency in 
2015 for the phase 3 studies (301 and 302). On March 21, 2019, the applicant announced 
that the results based on interim futility analyses with a data cutoff of December 26, 2018 
failed to meet the prespecified statistical criteria, and that they were terminating further 
clinical development of aducanumab. At a type C meeting in June 2019, the applicant 
held discussions with the agency, and a collaborative work stream was established to 
further review and understand the results from studies 301 and 302. Over the subsequent 
year, three more Type-C meetings (October 2019, February 2020 and June 2020) were 
held with the agency, and reached an agreement that the efficacy dataset for the primary 
analyses would exclude data beyond March 20, 2019. The applicant filed the BLA with 
the agency in July 2020. 
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3.2 General Pharmacological and Pharmacokinetic Characteristics
A summary of aducanumab of PK characteristics from studies in patients with AD is listed 
below. The absolute bioavailability following subcutaneous administration was 
determined to be 54% in a phase 1 study in healthy volunteers. Please note that clinical 
development program in AD utilized only intravenous route of administration. 

Summary of Pharmacological and Pharmacokinetic Characteristics
Pharmacology

Mechanism of 
Action 

Aducanumab is a human immunoglobulin monoclonal antibody 
(IgG1) that targets aggregated forms of amyloid-β pathway 
(including soluble oligomers and insoluble fibrillar forms) and is 
reported to promote the removal of β-amyloid plaques in the 
brain.

General Information 

Healthy volunteers 
vs. patients

Except for an absolute bioavailability study, all the studies were 
conducted in patients with AD 

Dose proportionality The systemic exposures increased in a dose proportional 
manner from 1 mg/kg to 10 mg/kg. 

Accumulation Mean accumulation ratio was 1.7 with once-every 4-week 
regimen. Steady-state exposures are expected to be achieved 
in 16 weeks. 

Immunogenicity A total of 2689 patients from studies 301 and 302 have been 
tested for anti-drug antibody (ADA) during placebo-controlled 
and/or long-term safety extension periods. Among those, 15 
patients (0.6%) were identified to have treatment-emergent anti-
aducanumab antibody response. The incidence of neutralizing 
antibodies against aducanumab was not evaluated. Please 
refer to Office of Biotechnology Products review for additional 
details on immunogenicity assessments

Absorption

Tmax At the end of infusion (~ 60 min)
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Distribution

Volume of 
Distribution

9.6 liters 

Elimination

Mean Terminal 
Elimination Half-life 

Approximately 25 days 

Metabolism / 
Excretion 

Monoclonal antibodies are not known to be metabolized by the
cytochrome P450 system or affected by drug transporters. As 
a human IgG1 monoclonal antibody, aducanumab is expected 
to be degraded into small peptides and amino acids via 
catabolic pathways in the same manner as endogenous IgG. 

3.3 Clinical Pharmacology Questions
3.3.1 To what extent does the available clinical pharmacology information 

provide pivotal or supportive evidence of effectiveness?

The efficacy and safety of aducanumab were evaluated in three clinical studies: 103, 301 
and 302 in patients with AD and these results are summarized in Section 3.3.1.1 below. 
Study 302 is considered as the pivotal study for this application. From a clinical 
pharmacology perspective, the analyses outlined below support the efficacy of 
aducanumab. 

The relationships between aducanumab concentrations (Caverage, AUC) and clinical 
efficacy endpoints, namely, CDR-SB1, ADCS-ADL-MCI2, and ADAS-Cog133 were 
evaluated. The relationships between aducanumab concentrations, pharmacodynamic 
biomarker levels (e.g., SUVR quantified from PET imaging data) and primary clinical 
efficacy endpoint, CDR-SB were also assessed (summarized in section 3.3.1.2 below). 

Based on the analyses of these data, the review team concluded:

1 CDR-SB: Clinical Dementia Rating Scale - Sum of Boxes. Range of score: 0-18 (higher score = more 
severe)
2 ADCS-ADL-MCI: Alzheimer’s Disease Cooperative Study – Activities of Daily Living Inventory – Mild 
Cognitive Impairment. Range of score: 0 – 53 (lower score = more severe)
3 Alzheimer’s Disease Assessment Scale – Cognition 13 items. Range of scores: 0-85 (higher score = 
more severe)
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(1) positive exposure-response relationships across the three clinical efficacy endpoints 
noted above and 

(2) positive exposure-SUVR relationships across studies 301 and 302, and a clear 
relationship between Aβ plaque reduction in brain and preservation of clinical function 
(i.e., SUVR-CDR-SB relationship) across studies 301, 302 and 103.

Additionally, following the discussion at the PCNS – AC meeting, the review team 
conducted additional analyses and concluded:

(3) Similar relationship between Aβ plaque reduction and clinical endpoint CDR-SB 
reported with other candidate drugs targeting Aβ pathways, and 

(4) Clinical trial simulations showed very low probability of a false positive finding for the 
high dose group in Study 302, suggesting that Study 301 result for the high dose could 
be a chance finding driven by a subgroup (Pre-PV4). Please refer to Section 3.3.1.5 for 
further details.

In the subsequent sections, we have provided key details of our findings.

3.3.1.1 Summary of Clinical Efficacy Data

The dose finding study 103 was conducted in patients who are prodromal/MCI due to AD 
or mild AD dementia and consisted of 54-week double-blind, placebo-controlled period. 
The treatment arms included fixed dose arms receiving 1, 3, 6 and 10 mg/kg and a titration 
arm receiving up to 10 mg/kg. The patients enrolled in the study included only those with 
a confirmed positive amyloid PET scan. 

Dose-dependent trends were observed in mean baseline- and placebo-corrected 
changes in CDR-SB scores, as summarized in Table 2 in Study 103. The Aβ reduction 
as quantified by composite SUVR scores on PET imaging was also collected, and these 
results also showed dose- and time-dependent reduction in the Aβ composite SUVR, as 
summarized in Table 3. Based on these results, dosing regimens for subsequent phase 
3 studies 301 and 302 were selected. 
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Table 2 Summary of CDR-SB results (based on MMRM) from Study 103

Study 103 Placebo 
(N = 48)

Fixed 
dose

1 mg/kg
(N=31)

Fixed 
dose

3 mg/kg
(N = 32)

Fixed 
dose

6 mg/kg 
(N = 30)

Fixed 
dose

10 mg/kg 
(N = 32)

Titration 
to

10 mg/kg 
(N = 23)

n at 12 
months 39 23 27 26 23 21

Change from 
baseline 1.88 1.82 1.42 1.20 0.80 1.14

Difference vs. 
placebo

-0.06
(-3%)

-0.45
(-24%)

-0.68
(-36%)

-1.08 
(-57%)

-0.73
(-39%)

Negative percentage means less progression in the treated arm
n: number of randomized and dosed subjects with endpoint assessment at week 54

Source: Integrated Summary of Efficacy datasets: adqs.xpt, adsl.xpt

Table 3 Summary of Aβ PET results (based on MMRM) from Study 103

Study 103 Placebo 
(N = 42)

Fixed 
dose

1 mg/kg
(N=26)

Fixed 
dose

3 mg/kg
(N = 29)

Fixed 
dose

6 mg/kg 
(N = 24)

Fixed 
dose

10 mg/kg 
(N = 28)

Titration 
to

10 mg/kg 
(N = 18)

n at 12 
months 38 21 26 23 21 16

Change from 
baseline 0.017 -0.047 -0.130 -0.208 -0.259 -0.170

Difference vs. 
placebo -0.064 -0.147 -0.225 -0.276 -0.187

n: number of randomized and dosed subjects with endpoint assessment at week 54

Source: Integrated Summary of Efficacy datasets: adpet.xpt, adsl.xpt
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The Phase 3 studies 301 and 302 were of identical design. Briefly, patients who were 
mild cognitively impaired (MCI) due to AD and mild AD dementia, and only those with a 
confirmed positive amyloid PET scan were enrolled. The double-blind placebo-controlled 
treatment period consisted of an initial titration period followed by a 54-week stable 
maintenance period. The results for the clinical efficacy endpoints are summarized in 
Table 4 below. 

Furthermore, in a subset of patients (about a third of the population within each phase 3 
study), cerebral Aβ plaque levels were measured by Aβ PET imaging, quantified by SUVR. 
In this subset of patients, a dose- and time-dependent reduction in the mean baseline-
corrected reduction in SUVR estimates were noted (summarized in Table 5 below). The 
OCP review team evaluated the representativeness of the subset of patients in which Aβ 
PET imaging data was collected relative to the rest of the overall ITT population from 
studies 302 and 301. The review team did not find any obvious systematic differences in 
the distribution patterns of demographics and baseline disease characteristics that may 
limit the interpretability of the data (please refer to Section 4.2.2.4 for further details).

Lastly, biomarker data on intracellular tau pathology (e.g., microtubule-associated 
phosphorylated tau protein [p-Tau], and tau-PET imaging), and neurodegeneration (e.g., 
total microtubule-associated protein tau [t-Tau]) were also collected in a small subset of 
patients within each phase 3 study.  Collection of Tau-PET data was incorporated later in 
the conduct of studies 301 and 302, when PET imaging agent [18F]-MK-6240 became 
available. Therefore, tau-PET sub-study was particularly small, only included later-
enrolled patients and was pooled from studies 301 and 302. Overall, the sample sizes 
are very limited, but these biomarker data seem to show dose-dependent reduction in 
mean baseline-corrected values. Please refer to Appendix 4.4 for additional details on the 
biomarker data collected from phase 3 studies. 
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Summary of analyses methodology

 Population PK model was used to derive longitudinal PK profiles at individual-level for 
all subjects in studies 301 and 302 based on actual dosing records while taking early 
dose titration into consideration. PK exposure metrics, namely AUC during the dosing 
interval (Q4W) and time-averaged concentration within a dosing interval (Cavg) values, 
were derived based on the individual PK profiles. 

 Clinical efficacy endpoint data at baseline (Week 0), Week 26, 50, 78 (end of 
treatment), and 94 (follow-up/early termination) in the placebo-controlled period were 
included in the analyses. All the three clinical efficacy endpoints noted above have 
specific upper and lower bounds – i.e., CDR-SB: 0 – 18, ADCS-ADL-MCI: 0 – 53, and 
ADAS-Cog13: 0 – 85. Therefore, for the purposes of modeling the exposure-response 
for these efficacy endpoints, the efficacy data was logit transformed. 

 First, the clinical efficacy endpoint data in the placebo group was used to develop 
natural disease progression model. Subsequently, the clinical efficacy endpoint data 
from the active treatment arms, namely low and high dose groups, were used to 
characterize the slope of disease progression (i.e., decline in the disease progression). 
Lastly, the potential of covariates affecting the slope of the drug-effect were evaluated. 

 Next, within each study (301 and 302), the average disease progression slope due to 
drug effect across visits (i.e. excluding slope estimate at baseline) was calculated for 
all subjects. These individual-level slope estimates due to drug effect were then used 
to derive a median slope estimate due to drug effect by treatment and study. 

Key findings from Exposure-Response Analyses for Efficacy

The summary of exposure-response analyses for efficacy (disease progression) for all 
the three clinical endpoints stratified by dose group and study are shown in Figure 1. 
Exposure-response analyses clearly suggest aducanumab’s effectiveness in delaying 
the decline in disease progression, and these relationships are consistent across all the 
clinical endpoints, suggesting the positive impact on cognitive as well as function 
measures as captured by these endpoints. 

The data support an exposure-response relationship between time-averaged 
concentration within a dosing interval, Cavg, and the slope of the CDR-SB versus time 
profile for both study 301 and 302, though the magnitude of the drug effect is lower in 
study 301. Similar observations were made with ADAS-Cog13 and ADCS-ADL-MCI 
endpoints. 
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While no definitive reason for this difference in drug effect between studies was 
identified, it appears that the pre-PV4 subgroup in the high dose in study 301 could have 
contributed to the differential drug effect noted above. This impact seems to be 
consistent for CDR-SB (Figure 25, Appendix Section 4.3.3), ADAS-Cog13 (Figure 39, 
Appendix Section 4.3.5) and ADCS-ADL-MCI (Figure 17, Appendix Section 4.3.1) 
endpoints. Use of SUVR as an exposure metric instead of Cavg produces a better 
model fit (in terms of the objective function value).

In addition, the OCP review team conducted independent exploratory analyses aimed at 
improving the understanding of the underlying factors that could potentially explain the 
differential outcomes between studies 301 and 302 for the high dose group. These 
included evaluation of  potential imbalances in the demographics, baseline disease 
characteristics, incidence of ARIA-E safety events (including their potential 
consequences on dosing, i.e., continue as planned, dose-reduction, suspension and 
discontinuation), impact of the PK exposures (e.g., Cavg, cumulative dose) [Please refer 
to the appendices Sections 4.3.2, 4.3.4.3 for more details]. Overall, none of these 
exploratory analyses were able to fully explain the differential trial outcomes in studies 
301 and 302.
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Figure 1 Slope of disease progression for different efficacy endpoints by treatment arm and study

Source: Reviewer’s independent analyses

Notes: The three points for each study represent the three arms; placebo, low-dose, and high-dose.

Negative disease progression slope indicates decline in disease progression for CDR-SB and ADAS-Cog13 endpoints, and 
positive disease progression slope indicates decline in disease progression for ADCS-ADL-MCI (i.e., improvement in ADL) 
endpoint 
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3.3.1.3 Exposure - Pharmacodynamics (Aβ SUVR) – Efficacy relationships

The Aβ SUVR longitudinal biomarker data was collected in a subset of patients in trials 
301 and 302 (about 30% of the overall population in each study), and these results are 
summarized in Table 5 above. The Aβ SUVR biomarker was used as the “response” 
variable in these exposure-response analyses. These analyses support an apparent E-R 
relationship such that SUVR reduction over time increases with increases in aducanumab 
exposure. This finding is consistent with the proposed mechanism of action of 
aducanumab, of increasing amyloid beta elimination. The relationship of aducanumab 
exposure and SUVR for a typical subject, according to the E-R model for SUVR, is 
presented in the Figure 2 below. 

Figure 2 Simulated Exposure-SUVR relationship for a typical AD patient

Source: sequence 0003, module 5335, cpp-20-003-biib037.pdf, page 52 of 175 

The review team conducted additional analysis to evaluate the representativeness of the 
Aβ PET dataset relative to the rest of the overall ITT population in studies 301 and 302 
across all randomized dose groups. Based on the comparison of the demographics and 
baseline disease characteristics of patients in placebo and high dose group across 
studies 301 and 302, the Aβ PET composite SUVR dataset seems to be representative 
to the rest of the overall dataset, with no obvious systematic differences in the distribution 
patterns. Please refer to appendix Section 4.2.2.4 for additional details.
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The review team also assessed the relationship between observed SUVR at week 78 and 
predicted cumulative AUC at week 78. Data from all three arms (placebo, low-dose, and 
high-dose) were pooled within each phase 3 study. The results of these graphical 
analyses demonstrate that SUVR values are generally higher in the placebo arm and that 
Week 78 SUVR decreases as the Week 78 cumulative AUC increases (see Figure 3 
below; please refer to appendix Section 4.3.4.3 for additional details). 

Figure 3: SUVR versus predicted cumulative AUC in Phase 3 Study 301 and 302 at 
Week 78 for Placebo, Low dose, and High Dose Arms 

Source:  Reviewer’s independent analyses
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3.3.1.4 Association of Amyloid Plaque Reduction and Clinical Outcomes

3.3.1.4.1 Association of Amyloid Plaque Reduction and Clinical Outcomes Observed 
in the Aducanumab Program

Longitudinal SUVR data was collected in the entire population in study 103, and in a 
subset (approximately 30%) of overall population in studies 301 and 302. The relationship 
between change from baseline CDR-SB and SUVR during the placebo-controlled period 
in Phase 2 study 103 and Phase 3 studies 301 and 302 was analyzed. Due to the 
differences in study designs between Phase 2 versus Phase 3, Week 78 was used for 
studies 301 and 302, and week 54 was used for study 103. The ITT population with non-
missing baseline CDR-SB and PET measurements was used for studies 103, 301 and 
302. The group-level CDR-SB adjusted mean difference from placebo versus SUVR 
adjusted mean difference from placebo is presented in the      Figure 4 below, and the 
correlation coefficient for the relationship was reported to be 0.45 (and excluding the study 
301 high dose group resulted in correlation coefficient value of 0.76).

Because of differences in inclusion/exclusion criteria for study 103 and 301/302, there 
may be differences in demographics and baseline characteristics, in addition to obvious 
differences in the sample sizes. Therefore, when evaluating SUVR – CDR-SB relationship 
based on data across different studies, it is necessary to use placebo-corrected, baseline-
adjusted values to account for the differences or imbalances between studies. When 
placebo-response is different between studies, not correcting for placebo-effect (i.e., 
using only baseline-adjusted values) can affect the interpretability of the underlying 
relationship between SUVR and CDR-SB. This approach of using placebo-corrected, 
baseline-adjusted values when exploring potential relationships between biomarkers and 
clinical endpoints across different studies is well known and has been employed in 
regulatory assessments previously. 

The review team also conducted independent analyses of the relationships between 
CDR-SB change from baseline and SUVR change from baseline at the last visit at the 
group-level within each study (Figure 44) and is described in detail in Appendix Section 
4.5. Based on these analyses, a strong positive relationship was identified with correlation 
coefficient ranging from 0.95 in Study 103 to 0.99 in Study 302. 
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Figure 4: Group-Level Correlation Between Adjusted Mean Difference from Placebo in Aβ PET Composite SUVR 
and CDR-SB: Placebo-Controlled Period (Studies 301, 302 and 103)

Source: sequence 0003, module 5353, ise.pdf, page 242
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It is also worth noting that the applicant evaluated individual-level and group-level 
relationships between changes in SUVR and CDR-SB across these studies. However, 
the review team believes that the relationships evaluated at group-level are accurate 
representation of the underlying relationship for the following reasons: 

Randomization, as noted in Section 2.3.2 in ICH E9 guideline, “provides a sound 
statistical basis for quantitative evaluation of evidence relating to treatment effects. It also 
tends to produce treatment groups in which the distribution of prognostic factors known 
and unknown, are similar”. Patients in studies 103, 301 and 302 were all randomized into 
respective dose groups. Consequently, it is highly likely to achieve a balance of 
prognostic factors (known and unknown) across dose groups (i.e., group-level), improving 
the confidence in the underlying relationship. On the contrary, if the patients were 
randomized at group-level, but the relationships between endpoints were assessed at 
individual-level within a dose-level, such a balance (in prognostic factors, known and 
unknown) can no longer be guaranteed (e.g., an artificially “flat” relationship may arise 
because of potential imbalances in baseline characteristics of patients). In other words, 
there can be multiple confounders across different individual subjects, and when 
multivariate analyses are conducted, it is extremely difficult to correctly adjust the 
imbalance of multiple confounders across individual patients due to potential nonlinear 
relationships and complex interactions. 

In summary, based on the review team’s analyses, there appears to be a clear 
relationship between Aβ plaque reduction in brain and preserving of clinical function in 
various dose arms for all efficacy and safety trials in the aducanumab development 
program. 

Overall, the trends presented in the figures above are consistent with the hypothesized 
mechanism of action of aducanumab. The amyloid hypothesis for Alzheimer’s Disease 
suggests that the removal of accumulated Aβ could lead to slowing of disease 
progression.
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3.3.1.4.2 Association of Amyloid Plaque Reduction and Clinical Outcomes Observed 
in other Programs for anti-Aβ IgG Antibody Drug Candidates

The review team performed additional analyses to evaluate the reduction in amyloid 
burden and preserving of clinical function in existing clinical development programs for all 
7 available anti-Aβ IgG antibody drug candidates (Table 6). These candidate drugs were 
investigated in Phase 2 and/or 3 studies in patients with Alzheimer’s Diseases. The 
objective of these analyses was to further understand the proposed mechanism of action 
of aducanumab and the significance of amyloid pathophysiology in AD progression. All 
the phase 2 and 3 studies were considered as a reliable source of information for this 
purpose because they were all publicly reported, randomized, placebo-controlled, double-
blinded studies investigating various biomarkers and clinical outcomes following a long 
period of treatment duration (i.e., ≥ 12 months). To ensure consistency, we used placebo-
adjusted, baseline-corrected CDR-SB, which is used either as a primary or a secondary 
efficacy endpoint, across all studies as the measurement for clinical outcome. 

Aβ plaque level in brain is the biomarker of interest for our analysis because it appears to 
be the key for the validity of proposed mechanism of action. A composite SUVR, which 
describes the composite ratios of radiotracer uptake in brain regions of interest (with Aβ 
pathology) to that in a reference region (regions without or with only minimal Aβ 
pathology), represents the brain Aβ plaque level. The SUVR value is reported in clinical 
programs for compounds developed in early years. However, the reported quantitative 
SUVR values may vary across different studies due to different techniques, especially 
tracers used. Six programs used 18F-betapir as the tracer. Only the clinical development 
program of bapineuzumab used a different tracer, PiB. Thus, across all available 
programs, the SUVR data provided a reasonable quantification for Aβ plaque level 
changes. 

Centiloid, a quantitative scale with an average of 0 for high certainty of Aβ negative 
subjects and 100 for typical Alzheimer’s patients, has been developed in recent years to 
generate common outcomes independent of methodologies and tracers. Some recently 
conducted clinical programs (e.g., aducanumab and donanemab) have adopted this new 
scale. Depending on the availability of data, we attempted to link the clinical outcomes 
and reduction of Aβ plaque burden by using either SUVR or centiloid. The baseline values 
on centiloid is higher in the study for donanemab as compared to the other programs. In 
general, the centiloid value of 25 is considered as the normal4. A higher baseline centiloid 
with value of 108, as seen for donanemab, may need a reduction of centiloid around 80 
to reach normal range. Whereas for a trial in patients with baseline centiloid of 80-90, as 

4 Navitsky M, Joshi AD, Kennedy I, et al. Standardization of amyloid quantitation with florbetapir 
standardized uptake value ratios to the Centiloid scale. Alzheimers Dement 2018;14:1565-71
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seen in aducanumab, may just need a reduction of centiloid around 60 to reach the same 
normal range. 

In order to account for the difference, the percentage change in centiloid as compared to 
placebo group was used to describe the reduction of Aβ burden. The association between 
clinical outcome changes and reduction of Aβ plaque burden was explored using 
observations in patients receiving treatment for at least one year with most data collected 
following 1.5 years of treatment. This is to account for the potential delay between Aβ 
plaque reduction and improvement in clinical outcomes.

Based on these analyses, the review team concluded that there is a clear relationship 
between reduction of Aβ plaque burden in brain and preserving of clinical function in the 
aducanumab program, which is consistent across all 6 other available programs of anti-
Aβ antibodies under development over the past decade. A larger reduction of Aβ plaque 
level in brain is clearly associated with a better maintenance of function as measured by 
CDR-SB. In contrast, compounds at the tested doses with no/minimal changes in Aβ 
plaque level consistently failed to demonstrate superiority over placebo in slowing the 
disease progression in clinical studies with treatment duration of  1.5 to 2 years        
(Figure 5). In addition, as shown in Figure 5A, the high dose group in Study 301 appears 
to be the only dose group that shows a different pattern (i.e., potential outlier or a chance 
finding).  
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Figure 5 Group Level Comparison of Reduction in Aβ Plaque Burden (Described 
by SUVR (A.) and Centiloid (B.)) and Preserving of Clinical Function across All 
Available Programs of Anti-Aβ Antibodies under Development. Multiple dose 

levels for each drug candidate are presented.

 

Source: Reviewer’s independent analyses, please see notes below
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Notes:

1. Each dot is labeled with Study Number_Dose group_Observation Time.  

2. For aducanumab and BAN2401, all data were derived from the PET sub-studies.  
For other compounds, SUVR values were obtained from PET sub-studies and CDR-
SB were the group means for the treatment groups. 

3. CDR-SB value for crenezumab is imputed as zero. Two phase 3 clinical trials 
(CREAD/CREAD2) are considered negative (i.e., no benefit as compared to 
placebo). SUVR value was reported based on a pooled analysis using data from 
CREAD/CREAD2 trials, whereas only interim analysis results were reported based 
on one trial (CREAD) in literature.   

4. SUVR values for solanezumab in Trial Expedition 1 and 2 are imputed as zero. Per 
the publication by Doody et. 2014 NEJM, “SUVR did not significantly change in the 
solanezumab group or in placebo group in either study”. 

5. Percentage change from baseline in centiloid was used in panel (B) to account for 
different baseline levels in patients enrolled in trials for donanemab (baseline 
centiloid > 100) versus aducanumab (baseline centiloid ~ 80).    

6. Except the results for aducanumab, all information on CDR-SB change and 
SUVR/Centiloid is from publications and presentations available in public domain 
(please see references 1 – 16 included in appendix section 5).
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Table 6 A Brief Summary of Anti-Aβ IgG Antibodies under Development and Their Late Phase Programs

AB PET Sub-studyCompound
(Applicant) Clinical Trials Phase 

(RCT)* Arms Duration Tracer Aβ measurement

221AD301 Phase 3 Placebo, Low Dose, 
High Dose 78 weeks

221AD302 Phase 3 Placebo, Low Dose, 
High Dose 78 weeksAducanumab [1]

(Biogen/Eisai)

221AD103 Phase 2
Placebo, 1 mg/kg, 
3mg/kg, 6 mg/kg, 
10 mg/kg, titration

54 weeks

18F-betapir SUVR and Centiloid 

BAN2401[2, 3]

(Biogen/Eisai)
BAN2401-G000-
201 Phase 2

Placebo, 2.5 mg/kg 
Q2W, 5 mg/kg Q4W, 5 
mg/kg Q2W, 10 mg/kg 
Q4W, 10 mg/kg Q2W

78 weeks 18F-betapir SUVR  

Donanemab[4, 5] 
(Eli Lily) Trailblazer-ALZ Phase 2 Placebo, Treatment 

(700-1400 mg) 76 weeks 18F-betapir Centiloid

Note: References are included in appendix 5 
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AB PET Sub-studyCompound
(Applicant)

Clinical 
Trials

Phase 
(RCT)* Arms Duration

Tracer Aβ 
measurement

Comments

Scarlet RoAD Phase 3 Placebo, 105 mg, 
225 mg 104 weeks 18F-betapir SUVR

Failed on futility 
analysis. 
Terminated early. 
1200 mg is tested 
in a PET substudyGantenerumab[6,7]

(Roche)
 

Marguerite 
RoAD Phase 3 Placebo, 105 mg, 

225 mg 104 weeks NA NA

Failed on futility 
analysis. 
Terminated early. 
1200 mg is tested 
in a PET substudy 

NCT00575055 Phase 3 Placebo, 0.5 mg/kg, 78 weeks PiB SUVR Failed on co-
primary endpoints 

Bapineuzumab[8]

(Elan/Janssen/Pfizer)
NCT00574132 Phase 3

Placebo, 0.5 mg/kg, 
1.0 mg/kg, 2.0 
mg/kg

78 weeks PiB SUVR Failed on co-
primary endpoints

CREAD Phase 3 Placebo, 60 mg/kg 105 weeks
Failed on futility 
analysis. 
Terminated early.Crenezumab[9-11]

(Genentech)
 

CREAD2 Phase 3 Placebo, 60 mg/kg 105 weeks

18F-betapir SUVR
 Failed on futility 

analysis. 
Terminated early. 

EXPEDITION Phase 3 Placebo, 400 mg 80 weeks Failed on co-
primary endpoints 

EXPEDITION2 Phase 3 Placebo, 400 mg 80 weeks

18F-betapir SUVR
Failed on co-
primary endpoints 

Solanezumab[12-16]

(Eli Lily)
 

EXPEDITION3 Phase 3 Placebo, 400 mg 80 weeks 18F-betapir SUVR Failed on the 
primary endpoint 

Note: References included in appendix section 5
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3.3.1.5 Clinical trial simulations to evaluate the likelihood of aducanumab 
producing observed efficacy results under the assumption that 
aducanumab is comparable to placebo

At the PCNS – AC meeting, one of the panelists raised a question about the chance of 
observing the positive efficacy findings in study 302 under the assumption that the drug 
is similar to placebo. Post-AC, the OCP review team conducted two types of simulations 
to address this question. 

The first method relied on available observations at the last visit (week 78) from the 
placebo group to evaluate the chance of observing the same or more positive results for 
the four efficacy endpoints (CDR-SB, ADAS Cog 13, MMSE and ADCS-ADL-MCI) if the 
placebo group was used as the population pool to simulate all treatment groups (i.e., 
placebo group and aducanumab groups). Three hundred patients were sampled for each 
group. Under this assumption, all groups are sampled from the same population pool 
(placebo group) and no difference is expected among any two groups (Figure 6). The 
applicant independently conducted a similar analysis by using multivariate normal 
distribution of the four efficacy endpoints at week 78 with a sample size of 300 for each 
group.  In contrast to the applicant’s parametric method, the reviewer’s method is a non-
parametric bootstrap method. Since the applicant only simulated 10,000 trials to estimate 
a false positive rate of 0.0001 (1 positive trial in all 10,000 simulated trials), the reviewer 
verified and repeated the applicant’s method by increasing the number of simulated trials 
to 10 million. Both the reviewer’s bootstrap method and the applicant’s parametric method 
estimated the false positive rate of all four endpoints at week 78 for the high dose group 
as 0.00007 (Table 7) when 10 million trials were simulated. 

Since the first method ignored the earlier visits’ data, the larger sample sizes at earlier 
visits (Table 8) and the MMRM analysis method that was used to analyze data from all 
three visits (weeks 26, 50 and 78), the reviewer used a second method including available 
data from all visits of all patients from the placebo group (N=548 at baseline) and 
simulated 548 patients for each group at baseline. An individual patient’s profile was 
randomly sampled (with replacement) from the placebo group as the population pool. One 
individual patient’s profile included the entire time course of all four efficacy endpoints to 
maintain the correlation among these endpoints across different visits. Since not all 
patients finished the study with observations from all visits, the inherent missing pattern 
from the placebo group was maintained in this simulation method. The correlations 
among different visits, across four endpoints and two doses were all included (Figure 7). 
The simulated data for the three arms (placebo, low dose, and high dose) were analyzed 
with the same MMRM method that was used for the primary efficacy analyses of the 
observed data. Under the null assumption, no difference is expected among any two 
groups at any visit for any endpoint (Figure 6).

Reference ID: 4807109Reference ID: 4810121



35

The chance of observing the same or even more positive results than the observed mean 
responses (Table 9) was calculated for the following combinations of dose levels, 
endpoints and visits: 

1). all four endpoints at week 78 for the high dose; 

2). all four endpoints at weeks 26, 50 and 78 for both doses.

If the observed point estimate (change from placebo) at a given combination is not 
positive (i.e., not better than placebo), the false positive rate based on that combination 
was fixed to be 1 to prevent the overall false positive rate from being further reduced by 
this combination. Out of 24 combinations, 23 had positive point estimates and one had 
negative estimate (MMSE low dose at week 78) for Study 302. Therefore, the false 
positive rate based on MMSE for the low dose at week 78 was fixed to be 1. This is 
equivalent to using only 23 combinations with positive point estimates to evaluate the 
false positive rate. Ten million virtual clinical trials were simulated. The results are listed 
in Table 7. 

When the same scenario was analyzed (4 endpoints, high dose, and week 78), the larger 
sample size and more data from earlier visits based on MMRM analysis resulted in an 
even smaller false positive rate, 0.000008, compared with 0.00007 when only 300 
subjects were simulated in each group only at week 78. When all positive estimates from 
4 endpoints, 3 visits and 2 dose levels were considered, the overall false positive rate 
was below 1/10,000,000. An accurate false positive rate could not be estimated because 
only 10 million clinical trials were simulated due to computation capacity. Similar analyses 
were conducted for Study 301 and Study 103. Even though CDR-SB and MMSE results 
were not positive for the high dose in Study 301, 18 out of 24 combinations (4 endpoints, 
3 visits and 2 dose levels) showed positive point estimates, leading to an overall false 
positive rate of 0.0001 for Study 301 under the null assumption. For Study 103, there 
were 5 different dose levels, 2 endpoints and 2 visits. Seventeen out of 20 combinations 
showed positive point estimates despite the small sample size in each arm. As a result, 
the overall false positive rate was estimated to be 0.0001 for Study 103. Given these 
results, the review team believes that it is practically impossible to observe the overall 
positive results in this program by chance if aducanumab is similar to placebo. 
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Table 7 Chance of observing the same or more positive result of all four 
endpoints in Study 302 if the drug is assumed to be the same as placebo

Method Source Sample size of 
each group

Number of 
simulated trials

Endpoint, 
dose and visit

False 
positive 
rate

Parametric Applicant 300 (week 78) 10,000 4 endpoints, high 
dose, week 78 0.0001 

Parametric Reviewer 300 (week 78) 10,000,000 4 endpoints, high 
dose, week 78 0.00007 

Bootstrap 
(non-
parametric)

Reviewer 300 (week 78) 10,000,000 4 endpoints, high 
dose, week 78 0.00007

Bootstrap 
(non-
parametric)

Reviewer 548 (baseline) 10,000,000 4 endpoints, high 
dose, week 78 0.000008

Bootstrap 
(non-
parametric)

Reviewer 548 (baseline) 10,000,000
4 endpoints, 2 doses, 
3 visits 
(week 26, 50 and 78)

<0.0000001

Source: Reviewer’s independent analyses

Table 8 Sample size at each visit for all four endpoints in Study 302

Endpoint Arm Baseline Week 26 Week 50 Week 78

ADAS Placebo 545 529 431 287

ADAS Low dose 542 514 419 289

ADAS High dose 546 519 431 293

ADCS Placebo 545 529 430 283

ADCS Low dose 540 509 416 286

ADCS High dose 545 514 429 295

CDR-SB Placebo 548 532 430 288

CDR-SB Low dose 543 513 420 290

CDR-SB High dose 547 513 431 299

MMSE Placebo 548 531 434 288

MMSE Low dose 543 516 423 293

MMSE High dose 547 521 434 299

Source: Reviewer’s independent analyses
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Table 9 Efficacy Results from Study 302

Week Endpoint Dose Estimate

26 MMSE low 0.07402
26 MMSE high 0.08315
50 MMSE low 0.01501
50 MMSE high 0.3965
78 MMSE low -0.08889
78 MMSE high 0.5651
26 ADAS low -0.6341
26 ADAS high -0.6893
50 ADAS low -0.3939
50 ADAS high -0.4033
78 ADAS low -0.7011
78 ADAS high -1.3996
26 ADCS-ADL-MCI low 0.2105
26 ADCS-ADL-MCI high 0.5891
50 ADCS-ADL-MCI low 0.7722
50 ADCS-ADL-MCI high 0.5922
78 ADCS-ADL-MCI low 0.7322
78 ADCS-ADL-MCI high 1.7439
26 CDR-SB low -0.1409
26 CDR-SB high -0.05541
50 CDR-SB low -0.1778
50 CDR-SB high -0.1054
78 CDR-SB low -0.264
78 CDR-SB high -0.3899

Source: Reviewer’s independent analyses
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Figure 6 The expected placebo-corrected efficacy under the null assumption 
(Aducanumab is similar to placebo)

Source: Reviewer’s independent analyses
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 Incidence and Resolution of ARIA-E Events

The time-to-event (TTE) models were developed to characterize the relationships 
between aducanumab exposure and (1) the first incidence of ARIA-E and (2) the 
resolution of first episode of ARIA-E in subject with AD. The TTE models characterized 
the instantaneous risk (i.e., hazard) of having ARIA-E (or resolution of ARIA-E) over time. 
Briefly, based on the TTE models, subjects are more likely to have an ARIA-E incidence 
at higher aducanumab concentrations and the drug effect attenuates over time. Also, 
subjects who are two-copy ApoE carriers are more likely to have ARIA-E followed by one-
copy ApoE carriers and non-carriers. The ARIA-E resolution takes longer for subjects with 
higher drug concentrations. Also, ARIA-E resolution increases with time until ~80 days. 
Severe ARIA-E cases take longer to resolve than mild or moderate cases. Please refer 
to Section 4.3.5 for more details.

In conclusion, the high dose of aducanumab of 10 mg/kg as studied (including an initial 
titration scheme) once every 4 weeks is approvable from a clinical pharmacology 
perspective. 

3.3.3 Is an alternative dosing regimen and management strategy required for 
subpopulations based on intrinsic/extrinsic factors?

No. Dose adjustment is not necessary based on intrinsic factors such as race, age, sex, 
renal or hepatic impairment. No dedicated renal or hepatic impairment studies were 
conducted. Population pharmacokinetic analysis was conducted on data from 2961 
subjects to evaluate the impact of intrinsic and extrinsic factors. 

Bodyweight

Bodyweight was reported as significant covariate on both clearance and volume of 
distribution based on popPK analyses. This is consistent with the tested body weight-
based (mg/kg) dosing regimen to reduce the interindividual variability in aducanumab 
exposure. 

3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what 
is the appropriate management strategy?

Since aducanumab is administered by intravenous infusion, food-drug interactions are 
not anticipated.

Aducanumab is a monoclonal antibody and is not known to be a cytokine modulator, 
therefore it is unlikely to influence drug metabolizing enzymes/transporters. Therefore, no 
drug-drug or transporter-drug interaction studies were conducted in-vitro or in-vivo.
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3.3.5 Is the to-be-marketed formulation the same as the clinical trial formulation, 
and if not, are there bioequivalence data to support approval of the to-be-
marketed formulation?

There were differences in the clinical trial and commercial formulations with regards to 
the cell-lines, manufacturing and formulation aspects. The applicant submitted reports to 
demonstrate analytical similarity between the clinical and commercial formulations. 
Subsequently, based on the internal discussions held with other review disciplines 
including CMC, OBP and TBP, it was noted that applicant’s reports provided adequate 
evidence to support analytical similarity as per ICH Q5E guidelines.  
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4 APPENDICES 

4.1 Summary of Bioanalytical Method Validation
The applicant used a quantitative ligand-binding Enzyme-Linked Immunosorbent Assay 
(ELISA) method to determine the concentration of aducanumab in serum. Briefly, in this 
method, aducanumab present in human serum was first captured onto plates precoated 
with an aducanumab anti-idiotype monoclonal antibody  Next, the bound 
aducanumab was subsequently detected using horseradish peroxidase (HRP)-labeled 
goat anti-human IgG antibody. Tetramethylbenzidine (TMB) peroxidase substrate 
solution was used to generate a colorimetric signal proportional to aducanumab 
concentration in the sample. This method was developed and validated by  

. 

Initially, the method (CST037-022VR, CST037-022VR-A) was developed and validated 
for use in studies 221AD101 and 221AD103. While the inter-assay accuracy and 
precision, intra-assay precision were within the cut-offs outlined in the FDA Bioanalytical 
Method Validation guidance, the LLOQ, low and high QC failed to meet the criteria for 
intra-assay accuracy. In addition, it should be noted that the criteria for passing intra-
assay accuracy (%RE) for high QC was set to ±25% (not ±20% as recommended in FDA 
guidance). In response to information request received September 29, 2020 (Sequence 
No. 0026), the applicant noted that in study 103, only 3 out of 467 passing runs failed to 
meet high QC criteria %RE <±20% but passed at %RE <±25%, accounting for only 0.64% 
of runs and therefore exclusion of these PK data from study 103 is expected to have 
little/no impact on population PK analyses. 

Subsequently the method was updated [TS037-061VR] to include selectivity assessment 
in Japanese donor serum. Specifically, the calibration curve range was changed from 0.2 
– 10 µg/ml to 0.6 – 10 µg/ml, i.e., LLOQ adjusted from 0.2 to 0.6 µg/ml; and the low QC 
was adjusted from 0.3 to 1.5 µg/ml to reflect the change in LLOQ. All other method-
specific parameters such as coating antibody concentration, detection antibody 
concentrations, incubation times, and rest of the other QCs were unchanged. This 
updated method was used in studies 221HV102, 221AD104, 221AD301, 221AD302, and 
221AD205. Partial validation was conducted for this updated method. In response to 
information request received on November 9, 2020 (Sequence No. 52), the applicant 
evaluated the number of analytical runs that met the validated assay acceptance criteria 
but exceeded the recommended %RE <±20% for high QC, and the number of PK 
samples included from these runs. They noted that the runs where high QC exceeded the 
recommended cut-off were 0.82%, 1.69% and 2.78% of the total number of analytical 
runs, accounting for 0.78%, 1.78% and 2.90% of the total sample results for studies 103, 
301 and 302 respectively. 
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Overall, the method was validated in compliance with the standards set forth in the FDA 
Bioanalytical Method Validation guidance, except for accuracy of high QC. PK data from 
runs that did not meet the criteria are a small fraction of the overall data, and therefore, 
not expected to impact the interpretability of population PK and exposure-response 
analyses. Summary of the validation parameters for both the methods are presented in 
tables below:    

Table 10 Summary of Bioanalytical Method Validation 1

Bioanalytical method 
validation report 

Study report CST037-022VR

Addendum A included long-term storage stability        
Addendum B included hemolysis and lipemic 
selectivity assessments and long-term stability 
assessments.

Method description Quantitative sandwich ELISA with anti-idiotypic 
monoclonal antibody capture to measure free BIIB037 
in human serum

Standard calibration curve 0.2 – 10 µg/ml

Inter-assay precision (%CV) LLOQ: 9.94%; Low QC: 11.2%; Medium QC: 6.86%; 
High QC: 23.1%; ULOQ: 15.3%

Inter-assay accuracy (% RE) LLOQ: 14.6%; Low QC: 5.08%; Medium QC: 11%; 
High QC: -0.396%; ULOQ: -0.388%

Intra-assay precision (%CV) LLOQ: 3.59%; Low QC: 5.66%; Medium QC: 6.67%; 
High QC: 11.9%; ULOQ: 15.6%

Intra-assay accuracy (% RE) LLOQ: 5.33 to 29.3%

Low QC: -3.44 to 22.9%

Medium QC: 6.44 to 19.1%

High QC: -30.1 to 25%

ULOQ: -12.6 to 8.67%

Specificity No interference was reported

Source: Analytical study report CST037-022VR
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Table 11 Summary of Bioanalytical Method Validation 2

Bioanalytical method validation 
report 

Study report CST037-061VR

Method description Quantitative sandwich ELISA with anti-idiotypic 
monoclonal antibody capture to measure free 
BIIB037 in human serum

Standard calibration curve 0.6 – 10 µg/ml

Inter-day precision (%CV) LLOQ: 4.65%; Low QC: 4.73%; Medium QC: 6.13%; 
High QC: 9.06%; ULOQ: 12.6%

Inter-day accuracy (% RE) LLOQ: -5.67%; Low QC: -0.67%; Medium QC: 0%; 
High QC: -1.5%; ULOQ: 4%

Intra-day precision (%CV) LLOQ: 3.60%; Low QC: 4.67%; Medium QC: 6.53%; 
High QC: 9.46%; ULOQ: 14.1%

Intra-day accuracy (% RE) LLOQ: -9.17 to -0.667%

Low QC: -2.67 to 3.33%

Medium QC: -3 to 4.25%

High QC: -6.38 to 5%

ULOQ: -2.3 to 10%

Source: Analytical study report CST037-061VR
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4.2 Pharmacometrics Assessment: Population PK Analyses

4.2.1 Applicant’s Population PK Analysis

Population PK (PopPK) analyses were conducted by the applicant to characterize the PK 
of aducanumab following intravenous administration in patients with Alzheimer’s Disease 
(AD). The key objectives were to: (1) evaluate the effects of intrinsic and extrinsic factors 
on the PK of aducanumab that can potentially explain the interindividual differences in PK 
and inform relevant dose adjustment(s), if necessary; (2) derive exposure metrics that 
can be used for subsequent exposure-response analyses of the efficacy and safety 
endpoints; and (3) to simulate exposures for identifying potential differences between 
exposures in subjects from the two phase 3 studies.   

Data from 5 clinical studies were used in the population PK analyses and a brief 
description of these studies is given in Table 12.

Table 12 Summary of the characteristics of the studies used for PopPK analyses 

Study ID Subjects Doses/Route Description of data

221AD101

Phase 1: 

Patients with mild to 
moderate AD

[N=39]

Single ascending 
dose: 0.3, 1, 3, 10, 20, 
30 and 60 mg/kg

Rich PK: 

Predose, postdose at ≤ 
10 minutes, and 0.5, 1, 
2, 4, 8, 12, 24, 48, and 
72 hours; and at weeks 
1, 2, 3, 6, 11, 24 
(EOS)/ET

221AD103

Phase 1b/2:

Patients with 
prodromal or mild 
AD with a confirmed 
positive amyloid 
PET scan [N = 185]

Fixed dose arms:

1, 3, 6, 10 mg/kg  

Titration arm:

10 mg/kg

Sparse PK: 

- Predose and ≤10 
minutes after the end of 
infusion for Weeks 1, 4, 
8, 20, 24, 40, 52, 56, 64, 
72, 84, 100, 112, 136, 
160, 184, and 208 

- Predose only for 
Weeks 12, 16, 28, 32, 
36, 44, 48, 60, 68, 76, 
80, 88, 92, 96, 104, 108, 
276, 332, 388, 444, and 
500 
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Study ID Subjects Doses/Route Description of data

- At Weeks 6, 14, 22, 26, 
30, 42, 50, 62, 78, 110, 
222, and 518 (EOS/ET)

221AD104

Phase 1: 

Japanese patients 
with mild to 
moderate AD [N = 
17]

Multiple ascending 
dose: 

1, 3 mg/kg

Sparse PK: 

Cohorts 1 and 2, single-
ascending dose period:

predose; postdose at < 
10 minutes, and 0.5, 1, 
2, 4, 8, 12, 24, 48, and 
72 hours; and at Weeks 
1, 2, 3, and 6

- Cohorts 1 and 2, 
multiple-ascending dose 
period:

* Predose and within 10 
minutes after infusionat 
Weeks 8, 12, 16, and 20

* At Weeks 14 and 26 
(EOS)/ET

- Cohorts 3 and 4:

* Predose and within 10 
minutes after infusion on 
Day 1 and at Weeks 4, 
8, 12, 16, 20, 24, 28, 32, 
and 36

* At Weeks 6, 14, 22, 
30, and 42 (EOS/ET)

221AD301/

221AD302

Phase 3: 

Patients with MCI 
due to AD and mild 
AD dementia with 
confirmed amyloid 
PET scan 

IV dosing regimen:

Low dose: 3 or 6 
mg/kg depending on 
ApoE ε4 carrier status

High dose: 10 mg/kg

Sparse PK: 

- Predose and end of 
infusion for Weeks 1, 4, 
12, 20, 24, 28, and 52 
doses
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Study ID Subjects Doses/Route Description of data

[301: N=1388;

302: N = 1332]

- Predose only for 
Weeks 16, 32, 56, 80, 
104, 128, 152, and 176 
doses

- At Weeks 22, 30, 54, 
78 (EOT) 119, 182, and 
338 (EOT) 1210, and at 
follow-up 18 weeks after 
the final dose

- At all unscheduled 
visits for ARIA

Note: N: Number of subjects included in the popPK in the respective trials; AD = 
Alzheimer’s Disease; EOS = End of Study; ET: End of Treatment
** Protocol amendment 4 and above, changed the dosing regimen in high dose group to 
10 mg/kg in ApoEε4 carriers
Source: Adapted from the CPP-20-002-BIIB037 report: Table 1 on pages 18-19 
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The final dataset for the PopPK analyses consisted of a total 50,306 quantifiable 
aducanumab serum concentrations from a total of 2961 subjects. This was after excluding 
301 records with duplicate concentrations, 542 records with data reconciliation issues, 33 
records with concentrations reported pre-dose and 49 records noted as outlier 
observations. Together, these exclusions accounted for < 2% of the total PK observations. 

The popPK data of aducanumab was modeled using NONMEM (Version 7.4.3) using 
non-linear mixed effects modeling. The structural model developed by the applicant 
consists of 2-compartmental model whose distribution was characterized by volume of 
distribution of a central (V1) and a peripheral compartment (V2), and elimination was 
characterized by intercompartmental clearance between the two compartments (Q) and 
linear elimination from the central compartment (CL). Lastly, additive and proportional 
error models were used to characterize the residual variability. 

Covariate identification was conducted using a full covariate approach, which included 
baseline weight, age, MMSE score at baseline, sex and race. Subsequently, a stepwise 
backwards elimination was conducted, and statistical significance of covariate-parameter 
relationship was evaluated based on likelihood ratio test. The applicant noted that these 
covariates were selected based on the inputs from their clinical team, prior published 
literature of PK in monoclonal antibodies, scientific interest and relevance to the 
development program. Age and apoE ε4 carrier status were found to be correlated 
(carriers being younger than non-carriers), and only age was included in the covariate 
analysis (as the latter was a continuous covariate). 

The final parameter estimates of the final PopPK model along with the precision are 
shown in Table 13. The validation of the final popPK model was conducted using 
bootstrap analyses and also evaluated using goodness of fit diagnostics and prediction-
corrected visual predictive checks shown in Figure 8 and Figure 9 respectively. 

Bodyweight at baseline, sex and race were reported as statistically significant covariates 
on CL and V1, accounting for 23% of overall variability. Bodyweight at baseline, sex, race 
and MMSE score at baseline were reported as statistically significant covariates on V2, 
accounting for 32% of overall variability. The applicant noted that bioequivalence criteria 
of 0.8 to 1.25 was used to evaluate the magnitude of covariate effect using a forest plot 
and inferred these effects were minor. The estimated mean half-life was ~25 days. 

There were dose and dosing period changes within studies 301 and 302 over time 
because of protocol amendments and decision to halt/re-start the development program 
based on the interim analysis readout. The applicant used the empirical Bayesian 
estimated (EBE) individual parameters to simulate exposures in subjects from studies 
301 and 302 based on the observed dosing records. These exposures and duration 
(expressed as number of aducanumab infusions) spent at steady state were calculated. 
Specifically, the metric used was ‘time spent at steady-state’, determined as the time 
averaged exposure (Cavg,ss) is ≥ 90% of the time averaged exposures of the dose that 
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each patient is expected to receive per the latest version of the protocol and following an 
uninterrupted dosing records of infusion every 4 weeks (Cavg,ss-uninterrupted). 

In the high dose group (10 mg/kg Q4W), following an initial titration during the first 24 
weeks, the maximum number of 10 mg/kg doses a subject could potentially receive during 
the duration of the placebo-controlled treatment period was 14. However, not all subjects 
get to steady-state instantly because it takes about 4 months to reach steady-state and 
so, a subject has an opportunity to get 10 uninterrupted infusion cycles at steady-state. 
The applicant compared the number of subjects who received differing number of 
infusions spent at steady-state (based on certain cut-off values) in the high dose (10 
mg/kg Q4W) arms between studies 301 and 302. The bar plot is shown in Figure 11. 
Based on the simulations, the applicant noted that:

1. ~30 subjects never spent any time at steady-state (i.e., n=0 based on the plot), 
which was comparable between both studies.

2. Numerically higher percentage of subjects received ≥ 10 uninterrupted infusions 
at steady-state in study 302 (111/547 = 20%) compared to study 301 (81/553 = 
15%).

The applicant indicated that although differences in the PK characteristics between 
studies 301 and 302 were not detected, changes to dose and management of ARIA-E 
might have impacted the duration a subject spends at steady-state. 
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Table 13 Parameter estimates of the final PopPK model 

Source: Study report CPP-20-002-BIIB037 – Table 7 on Pages 46-47
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Figure 8 Goodness of fit plots for the final PopPK model

Source: Study report CPP-20-002-BIIB037 – Figure 12 on Pages 50

Figure 9 Prediction-corrected visual predictive check of the final popPK model for 
phase 3 studies 

Source: Study report CPP-20-002-BIIB037 – Figure 15 on Page 53
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Figure 10 Covariate effects on clearance, central and peripheral compartment 
volume parameters for aducanumab

Note: Effects are expressed as PK parameter relative to a reference subject                                      
(female Caucasian with baseline weight of 70.9 kg, MMSE score = 26 and age = 71 

years)
Source: Study report CPP-20-002-BIIB037 – Figures 10 and 11 on Pages 48-49
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Figure 11 Bar plot of number of uninterrupted infusions spent at steady-state in 
the high dose (10 mg/kg Q4W) arms across studies 301 and 302

Source: Study report CPP-20-002-BIIB037 – Figure 16 on Page 55
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Reviewer’s Comments:

The applicant modeled the PK data of aducanumab from studies listed in Table 12, which 
included both rich and sparse PK sampling designs in patients with AD. The final popPK 
model parameters estimates and associated uncertainty based on bootstrap analysis 
reported in Table 13 seem reasonable. 

The covariate modeling results indicated that bodyweight at baseline, sex and race were 
reported as statistically significant covariates on clearance and volume of distribution of 
the central compartment, while bodyweight at baseline, sex, race and MMSE score at 
baseline were reported as statistically significant covariates on volume of distribution of 
the peripheral compartment. However, based on the magnitude of the impact of 
covariates, it is unlikely that dose adjustments are warranted based on these covariates. 
The reviewer evaluated the impact of exposures based on the bodyweight quantiles in 
studies 301 and 302 and noted slightly higher exposures (~15-20%) in higher bodyweight 
quantile. These exposures were comparable between studies 301 and 302. Based on 
dosing regimens evaluated in the clinical studies, overall, the applicant’s proposal of not 
to adjust doses based on covariates mentioned above is reasonable, while noting that 
aducanumab was administered on a bodyweight basis in all clinical studies. 

As indicated by the applicant’s simulation results, there appears to be minor differences 
in the percentage of patients who received ≥ 10 uninterrupted infusions at steady-state 
between studies 301 and 302 (15% vs. 20% respectively). This may be a consequence 
of the changes to the dose and management of ARIA-E, as noted by the applicant. The 
reviewer conducted further exploratory analyses comparing the primary efficacy endpoint 
(CDR-SB) in the subset of patients who received  ≥ 10 uninterrupted infusions at steady-
state between studies 301 and 302 and did not observe any differences in the mean 
change from baseline in the CDR-SB (please see section below). It should be noted that 
this subgroup analyses were not adjusted for baseline factors and are exploratory in 
nature. Overall, there seem to be some differences in percent of patients who received ≥ 
10 uninterrupted infusions at steady-state between studies 301 and 302. The potential 
role of exposures (e.g., Cavg, cumulative dosing) was explored further, and discussed in 
section 4.2.2.3 below.  
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4.2.2 Reviewer’s Population PK Analysis

4.2.2.1 Impact of bodyweight on the steady-state exposures

Introduction

The applicant’s final popPK model indicated that the patient’s bodyweight as a statistically 
significant covariate on clearance, volumes of distribution of central and peripheral 
compartments. However, aducanumab was administered on a bodyweight based dosing 
in its clinical development program. In order to get more insights into the potential impact 
of bodyweight on the time-averaged AUC (average concentrations) at steady-state, the 
reviewer conducted independent exploratory analyses.  

Objective

 To evaluate the potential impact of bodyweight on steady-state average 
concentrations in the high dose (10 mg/kg Q4W) across studies 301 and 302. 

Datasets and Model Codes

Filename Description Link to PM shared drive

QBR.plots.R Section on exploring 
impact of 
bodyweight on 
steady-state 
exposures

Reviewer_analysis
_notes.docx

Detailed description 
of all the datasets, 
nonmem model 
codes including 
specific links to EDR

\\cdsnas\pharmacometrics\Reviews\Aduc
anumab BLA 761178 GGMBVS\Review
er_GG 

Software

Non-linear mixed effects software NONMEM (version 7.3) and R Studio (version 
1.2.5033) were used for dataset compilation, analyses and generation of plots
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Methods

Dataset was set up for simulating PK for subjects included in the ITT population from 
studies 301 and 302 following uninterrupted dosing to steady-state after an initial titration 
period. The final popPK model and individual EBEs were used to derive the time-
averaged AUC at steady state, i.e., average concentration (Cavg,ss-uninterrupted) at 
steady-state in every subject. Next, dataset was set up for simulating PK for subjects 
included in the ITT population from studies 301 and 302 following the dosing records per 
the latest version of the protocol. The final popPK model and individual EBEs were used 
to derive Cavg,ss and was characterized as steady-state if it is within ≥ 90% of the 
Cavg,ss-uninterrupted. Such Cavg,ss values were flagged and were compared across 
bodyweight at baseline quantiles between subjects from studies 301 and 302. 

Results

All the Cavg,ss that met the criteria noted above were used for comparison. Briefly, the 
subjects were classified into 4 quartiles based on their bodyweight at baseline and the 
Cavg,ss values were compared between studies 301 and 302 at each quartile. Within 
each bodyweight quartile, the mean Cavg,ss as well as the standard deviation values 
were generally comparable between studies 301 and 302. Within study 302, the mean 
exposures in bodyweight quartiles 2-4 seem comparable. Overall, there seem to be 
slightly upward trend, i.e., mean exposures in bodyweight quartile 4 compared to quartile 
1 were 14% higher in study 302 and 20% higher in study 301.

Figure 12 Impact of bodyweight on Cavg at steady-state across studies 301 & 302

Source: Reviewer’s independent analyses
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Table 14 Cavg,ss values across bodyweight quartiles in studies 301 and 302

Study 301 Mean Cavg,ss 
(SD)

Median 
Cavg,ss

N

BW Quartile 1 (41 – 59 kg) 53.5 (12.8) 53.8 636

BW Quartile 2 (59 – 69 kg) 59.1 (13.0) 57.1 731

BW Quartile 3 (69 – 80 kg) 62.2 (13.1) 59.8 659

BW Quartile 4 (80 – 128 
kg)

65.9 (13.0) 64.6 632

Study 302 Mean Cavg,ss 
(SD)

Median 
Cavg,ss

N

BW Quartile 1 (35 – 58 kg) 55.8 (13.3) 55.5 741

BW Quartile 2 (59 – 69 kg) 60.8 (11.7) 60.1 645

BW Quartile 3 (69 – 80 kg) 61.0 (13.1) 59.2 718

BW Quartile 4 (80 – 133 
kg)

64.3 (13.5) 61.7 744

Note: Numbers in the parenthesis for BW quartiles reflect the range of the bodyweights 
in the quartile. Source: Reviewer’s independent analyses

Reviewer’s Comments: 

The model-based simulations were conducted using the final popPK model and individual 
EBEs, and is a reasonable approach, given the reasonably precise and plausible popPK 
model estimates. Further, the approach to qualify the Cavg,ss following dosing per the 
latest version of the protocol relative to the Cavg,ss-uninterrupted is also a reasonable 
approach, providing multiple Cavg,ss observations per subject. The meaningfulness of 
the trend of slightly higher mean exposures in highest bodyweight quartile relative to 
lowest bodyweight quartile in studies 301 and 302 is unclear.
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4.2.2.2 Longitudinal changes in primary efficacy endpoint in patients who 
received ≥ 10 infusions at steady-state in high dose (10 mg/kg) treatment 
arms in studies 301 and 302

Introduction

The applicant’s model-based simulations comparing the patients in studies 301 and 302 
in the high dose group who received ≥ 10 aducanumab infusions at steady-state showed 
minor differences in the number of subjects within the high dose arm (10 mg/kg Q4W). In 
order to get more insights into the longitudinal changes in the primary efficacy endpoint 
in this subset of patients (who received ≥ 10 aducanumab infusions at steady-state, the 
reviewer conducted independent exploratory analyses.

Objectives

 To evaluate the longitudinal changes in the primary efficacy endpoint (CDR-SB) in 
the subset of patients in the high dose group who received ≥ 10 aducanumab 
infusions at steady-state and compare the trends between studies 301 and 302. 
The goal is to identify if the minor differences noted above translate to differences 
in outcomes in this subset of patients. 

Datasets and Model Codes

Filename Description Link to PM shared drive

QBR.plots.R Section on longitudinal 
changes in primary 
efficacy endpoint in 
patients who received ≥ 
10 infusions at steady-
state in high dose (10 
mg/kg) treatment arms in 
studies 301 and 302 

Reviewer_analysis
_notes.docx

Detailed description of all 
the datasets, nonmem 
model codes including 
specific links to EDR

\\cdsnas\pharmacometrics\Reviews
\Aducanumab BLA 761178 GGM
BVS\Reviewer GG 

Software

Non-linear mixed effects software NONMEM (version 7.3) and R Studio (version 
1.2.5033) were used for dataset compilation, analyses and generation of plots
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Methods

The applicant’s popPK based simulations were used to identify the subset of patients in 
the high dose arm who received ≥ 10 aducanumab infusions at steady-state in both 
studies 301 and 302. The unique subject IDs were identified based on this subset and 
were used to filter from the ITT population for conducting the primary efficacy endpoint 
analyses. Subsequently, a dataset with the CDR-SB change from baseline at week 26, 
50 and 78 was created, which also included the patients in the placebo group, just for 
completeness to provide an appropriate comparison. The mean change from baseline at 
each of these visits were summarized in the high dose and placebo arms.  

Results

The longitudinal changes were in general comparable, with the mean change from the 
baseline in CDR-SB at week 78 showing similar values between studies 301 and 302 as 
shown in Figure 13. Differences in the sample sizes between studies were noted between 
the studies. The longitudinal changes in the placebo response were in general 
comparable between studies, but, mean change from baseline at week 78 showed slightly 
higher placebo response in study 302.   

Figure 13 Comparison of the longitudinal changes in the primary efficacy 
endpoint in the subset of patients who received ≥ 10 infusions at steady-state

Source: Reviewer’s independent analyses
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Reviewer’s Comments:

It should be noted that these subgroup analyses are exploratory in nature, and should be 
interpreted so, i.e., they have not been adjusted based on baseline factors. Additionally, 
there is no mechanistic reason for exploring the subgroup of patients who received ≥ 10 
infusions at steady-state specifically, but it was conducted to explore the minor 
differences noted between study 302 and 301 based on popPK simulations described in 
previous section. The minor differences in the percentage of patients in the high dose arm 
who received ≥ 10 infusions at steady-state between studies 301 and 302 (15% vs. 20% 
respectively) did not translate to differences to CDR-SB change from baseline based on 
this subset of patients, limiting the potential to attribute this factor to explain the 
differences in outcomes between studies 301 and 302. 
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4.2.2.3 Amyloid β PET – Composite SUVR dataset: comparison of exposures 
(Cavg), cumulative dose (per kg) and change from baseline in the 
composite SUVR score between studies 301 and 302

Introduction

Amyloid β PET composite SUVR dataset, though a subset of the overall ITT population, 
showed dose-dependent trends in mean change from baseline in composite SUVR score 
at week 78 in both studies 301 and 302. In order to gain insights into potential differences 
in exposures, Cavg,ss and cumulative dose (per kg), the reviewer conducted independent 
analyses. 

Objectives

 To compare the exposures, time-averaged concentration steady-state (Cavg,ss) 
and cumulative dose (per kg) at week 78 within the Aβ PET composite SUVR 
dataset across studies 301 and 302

Datasets and Model Codes

Filename Description Link to PM shared drive

QBR.plots.R Section on evaluation of 
impact of exposures on 
changes in SUVR 
between studies 301 and 
302 

Reviewer_analysis
_notes.docx

Detailed description of all 
the datasets, nonmem 
model codes including 
specific links to EDR

\\cdsnas\pharmacometrics\Reviews
\Aducanumab BLA 761178 GGM
BVS\Reviewer_GG 

Software

Non-linear mixed effects software NONMEM (version 7.3) and R Studio (version 
1.2.5033) were used for dataset compilation, analyses and generation of plots
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Methods

PopPK model and individual EBEs were used to derive PK data in subjects within Aβ 
composite SUVR subset per the dosing records per the latest version of the protocol in 
studies 301 and 302. Next, they were qualified to be at steady-state if they were within ≥ 
90% of the Cavg,ss-uninterrupted as described in section 4.3.2.1 above. Subsequently, 
the dataset was filtered based on the available SUVR data at week 78 data and the 
Cavg,ss was notated as the prior steady-state Cavg. This approach was based on an 
assumption that if the prior dose was at steady-state, the Cavg would be sustained and 
would still be qualified as steady-state. This assumption seemed reasonable by reviewing 
the exposures between consecutive doses at steady-state and also based on the 
distribution of majority of the “time since prior dose” within 1 dosing interval (i.e., 28 days). 
Additionally, the cumulative dose (per kg) in each individual was derived by adding all the 
dosing records per the latest version of the protocol across studies 301 and 302. Lastly, 
the mean values of the change from baseline in the composite SUVR were summarized 
across studies 301 and 302. 

Results

The exposures, namely, Cavg,ss (under the assumption of prior dose being at steady-
state) were comparable between studies 301 (65 mg/L) and 302 (64.8 mg/L), while the 
mean cumulative dose (per kg) seem higher in study 302 (129 mg/kg) than in study 301 
(117 mg/kg) as shown in Figure 14. As noted previously, at a mean level, there seem to 
numerically greater reduction in baseline-corrected composite SUVR score at high dose 
in study 302 than in study 301. 
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Figure 14 Comparison of exposures: Cavg,ss and cumulative dose (per kg) and change from baseline in SUVR 
scores across studies 301 and 302 in the Aβ PET SUVR subset

Source: Reviewer’s independent analyses
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Reviewer’s Comments:

Cavg,ss at a mean level are comparable across studies 301 and 302, noting that these 
values were derived based on certain assumptions. The review team sent out an 
information request to the applicant to conduct simulations in all the subjects belonging 
to SUVR subset to derive the Cavg,ss based on the actual dosing records per the latest 
protocol. Such simulated Cavg,ss values will be devoid of assumption made by the 
reviewer, and yet, the exposures were reported to be comparable across studies 301 (58 
mg/L) and 302 (60 mg/L) in the applicant’s response (dated 10/29/2020). The mean 
cumulative dose (per kg) reported in the applicant’s response were identical to the 
reviewer’s analyses. Overall, cumulative dose (per kg) seems a more reasonable 
measure of the exposure than the Cavg,ss, because the latter can be at steady-state after 
4 consecutive doses even after a few prior doses are skipped, while the former would 
reflect lower values indicative of the skipped doses. However, the potential impact of the 
noted differences in the cumulative dose (per kg) on the minor differences observed in 
baseline-corrected SUVR composite scores in the high dose group between studies 301 
and 302 at week 78 is unclear.  
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4.2.2.4 Amyloid β PET – Composite SUVR dataset – Comparison with the rest of 
overall dataset (excluding Aβ PET SUVR dataset) with respect to various 
demographics and baseline disease characteristics in all randomized 
dose groups, i.e., placebo, low and high dose groups

Introduction

Amyloid β PET composite SUVR scores were collected in a subset of patients (~30%) 
[please refer section 4.3.4 below for more details]. In order to evaluate the generalizability 
of the conclusions based on this subset to the rest of the overall dataset (i.e., excluding 
the Aβ PET composite SUVR dataset), it is important to understand the 
representativeness of the SUVR subset relative to the rest of the overall (ITT) dataset for 
patients in all randomized dose groups, i.e., placebo, low and high dose groups, in terms 
of the demographics and baseline disease characteristics. 

Objectives

 To compare the demographics and baseline disease characteristics between Aβ 
PET composite SUVR, and the rest of the overall dataset across both studies 301 
and 302 in all randomized dose groups, i.e., placebo, low and high dose groups. 

 To compare the baseline Aβ PET composite SUVR scores at baseline between 
subjects in all randomized dose groups, i.e., placebo, low and high dose groups 
across studies 301 and 302

Datasets and Model Codes

Filename Description Link to PM shared drive

Representativenes
s_SUVR_restITT.R

Representativeness of 
the Aβ PET subset 
relative to the rest of the 
overall dataset 

Reviewer_analysis
_notes.docx

Detailed description of all 
the datasets, nonmem 
model codes including 
specific links to EDR

\\cdsnas\pharmacometrics\Reviews
\Aducanumab_BLA_761178_GGM
BVS\Reviewer_GG 
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Software

R Studio (version 1.2.5033) were used for dataset compilation, analyses and generation 
of plots

Methods

ADaM dataset was used to identify patients included in the Aβ PET composite SUVR 
dataset. Briefly, the summary statistics, e.g., mean, sample size were verified with primary 
analyses at baseline and at week 78 to ensure the results aligned for all the treatment 
groups included in the biomarker report. Next, the dataset used in the statistical analyses 
for the primary efficacy endpoint (CDR-SB) analyses, which also included exposure 
measures, was curated by the applicant for the purpose of conducting popPK model-
based simulations discussed in the previous section. The reviewer merged these two 
datasets and the subset of patients who were included in Aβ PET composite SUVR 
dataset were flagged, while the rest of the subjects were given with a different flag. 
Subsequently, histograms and density distribution curves were created to compare the 
demographics and baseline disease characteristics for patients in all randomized groups, 
i.e., placebo, low and high dose groups across studies 301 and 302. Density curves were 
chosen to facilitate the direct comparison of the two datasets, since counts would not 
allow for a direct comparison owing to the differences in the sample sizes of the two 
datasets. The variables evaluated include: CDR-SB baseline scores, MMSE baseline 
scores, age, bodyweight at baseline, sex, apoE ε4 carrier status, symptomatic AD 
medication use at baseline, AD disease status at baseline. The Aβ PET composite SUVR 
composite scores at baseline within the Aβ PET composite SUVR dataset were compared 
in patients in all randomized dose groups, i.e., placebo, low and high dose groups 
between studies 301 and 302.  Additionally, mean estimates within PET subset and rest 
of ITT population by study and dose-groups were represented as vertical dashed lines in 
the distribution of continuous variables.

Results

The histograms and density distribution curves indicated no obvious systematic 
differences between the datasets with regards to demographics and baseline disease 
characteristics of patients in all randomized dose groups, i.e., placebo, low and high dose 
groups across studies 301 and 302. The mean estimates within PET subset and rest of 
ITT population by study and dose-groups were comparable for continuous variables. 
Within the Aβ PET composite SUVR dataset, Aβ PET composite SUVR scores at baseline 
were comparable between patients in studies 301 and 302. 
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CDR-SB Scores at Baseline

Note: Vertical lines represent mean estimates within the study and dose group 
(summarized in table below)

Study 301 Stud 302CDR-SB Placebo Low dose High Dose Placebo Low dose High Dose
AD-PET 
Subset 2.41 2.50 2.39 2.60 2.44 2.54

Rest of ITT 
population 2.40 2.40 2.41 2.42 2.47 2.49
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MMSE Scores at Baseline

Note: Vertical lines represent mean estimates within the study and dose group 
(summarized in table below)

Study 301 Stud 302MMSE 
Scores at 
Baseline Placebo Low dose High Dose Placebo Low dose High Dose
AD-PET 
Subset 26.5 26.4 26.3 26.5 26.3 26.3

Rest of ITT 
population 26.3 26.5 26.4 26.4 26.3 26.3

Reference ID: 4807109Reference ID: 4810121



70

Age at Baseline

Note: Dashed vertical lines represent mean estimates within the study and dose group 
(summarized in table below)

Study 301 Stud 302Age Placebo Low dose High Dose Placebo Low dose High Dose
AD-PET 
Subset 69.2 70.8 69.8 70.9 70.5 70.8

Rest of ITT 
population 70.2 70.2 70.2 70.7 70.7 70.5
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Bodyweight at Baseline

Note: Dashed vertical lines represent mean estimates within the study and dose group 
(summarized in table below)

Study 301 Stud 302Bodyweight Placebo Low dose High Dose Placebo Low dose High Dose
AD-PET 
Subset 73.7 72.7 72.0 74.5 73.6 73.5

Rest of ITT 
population 70.0 70.5 70.3 70.2 72.8 70.0
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Sex at Baseline
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ApoEε4 Carrier Status at Baseline
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Symptomatic Medication Use at Baseline
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Disease Status at Baseline
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Aβ-PET SUVR Dataset at Baseline

Note: Dashed vertical lines represent mean estimates within the study and dose group
Source: Reviewer’s independent analyses

Reviewer’s Comments

Based on the comparison of the demographics and baseline disease characteristics,  
patients in Aβ PET composite SUVR subset are representative to the rest of the overall 
ITT population in the placebo, low and high dose group across studies 301 and 302. 
Furthermore, the mean estimates for demographics and baseline characteristics did not 
indicate obvious systematic differences. 
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4.3 Exposure-Response for Efficacy Analyses
Reviewer’s Note and Executive Summary

The applicant originally submitted exposure-response analysis reports for primary 
efficacy endpoint: CDR-SB, key secondary endpoints: ADCS-ADL-MCI, ADAS-Cog13 
and a tertiary endpoint: Aβ PET composite SUVR scores (in a subset of population). 
During the initial course of the review, the review team identified that the sample sizes of 
the different treatment arms in studies 301 and 302 based on the exposure-response 
analyses datasets for the efficacy endpoints exceeded those included in the primary 
statistical analyses for the ITT population. Upon closer review at the datasets, the review 
team identified that the applicant included data beyond March 20, 2019 (which will be 
referred to as uncensored data) in their exposure-response analyses for all the endpoints 
evaluated. The applicant noted in the pre-specified pharmacometrics analysis plan (for 
conducting exposure-response analyses for various efficacy endpoints outlined above) 
that they would exclude data beyond March 20, 2019 (which will be referred to as 
censored data). 

Given the applicant’s decision to terminate further development of aducanumab based 
on the results from the interim analyses, and restart the program and dosing in the 
patients, during the discussions with the agency and the applicant it was decided that the 
ITT population should include data up to March 20, 2019 and exclude the data beyond 
that date. This decision was to ensure minimal bias in the assessment of the benefit-risk 
of aducanumab based on the applicant’s initial readout from interim analyses and their 
plan to terminate the program.   

Therefore, it is critical that the datasets used for conducting exposure-response analyses 
are reflective of the ITT population, and are based on censored data. The applicant 
acknowledged the issue identified by the review team and held discussions with the 
agency, reaching an agreement to revise the analyses accordingly. Subsequently, they 
submitted the updated reports with censored data. 

The review team summarized the key findings from censored analyses. In the subsequent 
sections below, the applicant’s revised analyses based on censored data is presented in 
detail for each of the efficacy and safety endpoints evaluated. 
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Table 15 Summary of the key results from exposure-response analyses based on 
censored data

Model Summary

Cavg-CDRSB

• When considering all progression groups, the signal for 
drug effect in study 301 is estimated to be smaller than 
that in study 302.

• In Typical Progressors, (a more homogenous population 
that account for ~86% of the subjects) the drug effect in 
study 301, when estimated separate from study 302, is 
statistically significant. However, the drug effect in study 
301 is still smaller than that in study 302.

SUVR-CDRSB

• The base SUVR-CDR-SB model (715C) has a better fit 
compared to the base Cavg-CDR/SB model (13C), which 
is expressed by a differential of -11.25 units in the OFV 
between the two. 

• Subjects from studies 301 and 302 show similar PD 
characteristics. 

• An apparent decrease in observed SUVR with increasing 
cumulative AUC is seen in both Study 301 as well as 
Study 302.

Cavg-ADL

 A (logit) linear disease progression model adequately 
characterized the ADCS-ADL-MCI progression. 

 The heterogeneity in the disease progression was 
described using 2-modal mixture, i.e., two sub-
populations, typical progressors (96.5%) and fast 
progressors (3.5%).

 The drug effect model included an additive linear effect of 
aducanumab exposures (Cavg) on the slope of the 
disease progression model. This linear drug effect 
adequately characterized the active treatment data and its 
slope was statistically significant. 

 The model was considered parsimonious when study was 
not considered as covariate on the slope of the drug effect
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Cavg-ADAS 
Cog13

 The logit linear disease progression model adequately 
describes the ADAS-Cog 13 progression.

  The data heterogeneity was described using mixture 
models on slope, which identifies 3 populations i.e. slow 
(1.8%), typical (93.9%) and fast progressor (4.3%). 

 The drug effect model included an additive linear effect of 
aducanumab exposure (Cavg) on the slope in the disease 
progression model.  Statistically significant drug effect was 
detected. 
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4.3.1 Applicant’s Exposure-Response Analysis for ADCS-ADL-MCI

The Alzheimer’s Disease Cooperative Study-Activities of Daily Living (ADCS-ADL) 
Inventory scale for patients with Mild Cognitive Impairment (MCI) provided by an 
informant/care-giver describes the performance of the subjects in several ADL activities. 
ADCS-ADL-MCI has 18 questions with scores that can range between 0 and 53. However, 
for modeling purposes, which is conducted in logit domain, the lower and upper bounds 
are replaced with 0.5 and 52.5. ADL measurements were collected at screening 
(baseline), weeks 26, 50, 78 (end of treatment), and 94 (follow-up/early termination) in 
the placebo-controlled period. The applicant used the final popPK model to derive 
individual exposures for subjects in studies 301 and 302, based on the actual dosing 
records. PK exposure metrics, namely AUC during the dosing interval (Q4W) were 
derived and average concentration (Cavg) values were used for conducting exposure-
response analyses. 

The main objectives of the analysis were (1) to develop a longitudinal model of disease 
progression as characterized by ADL outcome, (2) to develop an exposure-response 
model based on ADL data, quantifying the relationship between aducanumab exposures 
and ADL response in subjects with AD and (3) to identify intrinsic and extrinsic factors 
that can potentially account for the variability in the exposure-response relationship. 

All the analyses were conducted using NONMEM (version 7.4.3) [ICON Development 
Solutions, Ellicott City, MD] and post-processing was conducted using Perl-Speaks-
NONMEM version 4.7.1. 

The original uncensored data consisted of 12,660 ADL records in 3282 subjects. 
Subsequent to the revision in the analyses, 1531 (12.1%) records were excluded to form 
the censored data. The analyses were conducted in three steps: (1) development of a 
disease progression model based on the censored data from placebo arms, and this step 
includes evaluation of mixture populations to assess the heterogeneity in disease 
progression (2) characterization of drug effects by including censored data from the active 
treatment arms, and (3) evaluation of covariates that can potentially impact the exposure-
response relationship. 

Briefly, ADL measurements were modeled in the logit-transformed scaled ADL response. 
Various disease progression models such as linear, asymptotic exponential, power and 
Emax models were evaluated, and linear model was ultimately chosen. The heterogeneity 
in the disease progression data in placebo arms was characterized using mixture models, 
and two sub-populations, namely typical progressor (94% of population) and fast 
progressor, was selected. Linear drug effect slope of -1.07 µL/µg.yr was noted to be 
statistically significant (i.e., its 90% confidence interval did not include 0). 

A full model approach followed by backward elimination, like that used in popPK model 
development was tested for covariates, which include sex, race, baseline body weight, 
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age, ApoE ε4 status. The applicant noted that none of the identified covariates have 
significant or clinically relevant impact on drug effects based on the censored data. Model 
validation was conducted using bootstrap analyses and qualified based on the diagnostic 
plots and visual predictive checks. The final model parameters for the exposure-response 
model are included in the table below. 

Table 16 Final ADCS-ADL-MCI Exposure-Response Model                               
Based on Censored Data

Source: CPP-20-005-BIIB037-Addendum: Table 19 on page 38
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Figure 15 Visual Predictive Check for Final ADCS-ADL-MCI                         
Exposure-Response Model by Study

Source: CPP-20-005-BIIB037-Addendum: Figure 7 on page 40

4.3.1.1 Conclusions

The applicant provides the following conclusions: 

1. An adequate ADL disease progression model was developed based on placebo data 
from the 2 phase 3 studies.

o Heterogeneity in disease progression was captured by a bimodal mixture on 
the progression rate with typical and fast progressors.

o The disease progression model does not include differential progression rates 
across studies 301 and 302.
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2. The underlying effect of aducanumab on ADL outcome was adequately captured by 
the active treatment effect model, which:

o Was able to estimate drug effect in both studies 301 and 302

o Was fully consistent with the disease progression model in both the natural 
progression estimates and the estimated proportions of the progression 
classes. 

o Did not include differential drug effect across any of the progression classes or 
differential drug effect between 301 and 302

o Identified as covariates age, sex, race, and MMSE Baseline, none of the 
covariates being clinically meaningful.

Reviewer’s comments:

The applicant’s approach in developing disease progression model based on placebo 
data, followed by characterization of the drug effects by including data from active 
treatment arms, and the potential impact of the covariates, is acceptable. The popPK 
model-derived Cavg was used as the exposure metric for conducting exposure-response 
analyses. The disease progression model included a linear model with two mixture-
populations, typical and fast progressors, with the former comprising a major proportion 
(~94%) of the population. It adequately characterizes the heterogeneity in the disease 
progression and, based on pre-specified model-selection criteria, did not support 
differential disease progression rates across studies 301 and 302. 

Applicant’s approach for evaluation of the drug effect and covariate model-building is 
acceptable. The final model parameter estimates were reasonably precisely estimated 
(%RSE < 30%). A statistically significant drug effect slope was estimated based on 
combined data from 301 and 302, suggesting the presence of drug effect in this endpoint. 
When study was used as a covariate on the slope of the drug effect (i.e., separate drug 
effect based on studies), pre-specified model-selection criteria [Bayesian Information 
Criteria (BIC)] did not support this model as “the most parsimonious” model. 

Though reported to be statistically significant, the covariate effects, based on the 
magnitude of the impact, do not warrant dose adjustments.

Even though a common drug effect based on combined data from studies 301 and 302 
was supported by the pre-specified statistical test, the overall effect size for the high dose 
in Study 301 was numerically smaller than that in Study 302. Please note that, for 
representative purposes, the slope of drug effect (disease progression) by study and 
dose-level as described in section 3.3.1 is summarized below.
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Figure 16 Slope of disease progression for ADCS-ADL-MCI by treatment arm and 
study

Source: Reviewer’s independent analyses

The observed E-R relationship suggested that PK exposure differences across studies 
are unlikely to fully explain the numerical different effect sizes between the two studies. 
Similar to the observations made with CDR-SB clinical endpoint analyses (discussed in 
detail in section 4.3.3 below), the Pre-PV4 subgroup for the high dose in Study 301 is 
likely the main driver for this difference (Figure 17). The results based on the primary 
statistical analysis (MMRM) also showed the outlier nature of the Pre-PV4 subgroup for 
the high dose group in Study 301, especially when compared with all other efficacy data 
from studies 301 and 302 (Figure 18).  
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Figure 17 Slope of disease progression for ADCS-ADL-MCI by treatment arm and 
study stratified by Pre-PV4 and Post-PV4

Source: Reviewer’s independent analyses

Figure 18 ADCS-ADL-MCI change from baseline based on MMRM analysis for 
different dose groups in studies 301 and 302 stratified by Pre-PV4 and Post-PV4

Source: Reviewer’s independent analyses
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4.3.2 Reviewer’s Exposure-Response Analysis for ADCS-ADL-MCI

Introduction

Differential outcomes for studies 301 and 302 were noted based on the ADL data at week 
78, with a marked and statistically significant drug effect (-40%) in the high dose group of 
study 302 but not in study 301. In order to potentially address and help improve the 
understanding of the between-study differences at the high dose group (the primary focus 
unless otherwise stated), the reviewer conducted independent exploratory analyses. 

Objectives

 Explore the potential imbalances in the demographics and baseline disease 
characteristics in the high dose group of studies 301 and 302

 Explore the potential impact of the differences of PK exposures, e.g., Cavg, 
cumulative doses. 

 Explore the potential impact of imbalance in the number of subjects who are 
classified as typical vs. fast progressors

Datasets and Model Codes

Filename Description Link to PM shared drive

ER_analyses.plots
.R

Datasets include: 
ITT analysis 
datasets (censored 
post March 2019) 
adqs.xpt from 
studies 301, 302, 
popPK datasets

Reviewer_analysis
_notes.docx

Detailed description 
of all the datasets, 
nonmem model 
codes including 
specific links to EDR

\\cdsnas\pharmacometrics\Reviews\Aduc
anumab_BLA_761178_GGMBVS\Review
er GG 

Software

Non-linear mixed effects software NONMEM (version 7.3) and R Studio (version 
1.2.5033) were used for dataset compilation, analyses and generation of plots
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Methods

The revised exposure-response dataset based on censored data was used to summarize 
the longitudinal changes by treatment arm and by study. Further, the demographics and 
baseline disease characteristics of patients who were part of ITT population at week 78 
were summarized and compared between studies 301 and 302. The actual dosing 
records, and the real-time bodyweight were used to estimate the cumulative dose (per 
kg) in all patients of the ITT population. Further, the dosing records along with the popPK 
model were used to derive AUC during the dosing interval, which was in turn used to 
derive the time-averaged metric Cavg. These exposure metrics were compared between 
studies 301 and 302 in the high dose arms. Next, the exposure (Cavg as the metric) 
response relationship was explored to understand the impact of covariates such as ApoE 
ε4 carrier status and symptomatic AD medication use at baseline. Lastly, mixture model 
which was used to characterize the heterogeneity in the disease progression identified 
two sub-population – fast and typical progressors. So, the exposure-response relationship 
was explored by excluding the fast progressors.  

Results

Longitudinal time course of the mean ADL change from baseline in studies 301 
and 302

ADL data clearly showed a dose-response relationship for aducanumab at week 78 (end 
of placebo-controlled period) with a marked drug effect in study 302, but not in study 301. 

Figure 19 Mean (± SE) ADL change from baseline by treatment arms and study

Source: Reviewer’s independent analyses
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Table 17 Mean ADL change from baseline by treatment arms and study at week 78

Mean ADL change from baseline at Week 78

Placebo Low dose High dose

Study 301 -3.53 (n=333) -3.13 (n=329) -3.24 (n=297)

Study 302 -4.35 (n=285) -3.48 (n=288) -2.15 (n=296)

Source: Reviewer’s independent analyses

Potential imbalances in the demographics and baseline disease characteristics

The demographic features such as age, bodyweight and distribution of sex were 
comparable across study 301 and 302. The baseline disease characteristics such as 
baseline CDR-SB, MMSE and composite SUVR (in a subset of patients) scores were also 
comparable across studies 301 and 302. Lastly, the other factors such as distribution of 
ApoE ε4 carriers and symptomatic AD medication use at baseline were also comparable 
across studies 301 and 302. 

Table 18 Summary of demographics and baseline disease characteristics in 
patients from high dose group who were part of the ITT population at week 78

N Mean (Min, Max)Baseline study 
variables

Study 
301

Study 
302

Study 301 Study 302

Demographics

Age

Weight

Male 

298

298

141 
(47%)

297

297

151 
(51%)

69 (50, 85)

72 (41, 128)

--

70 (50, 85)

71 (35, 138)

--

Diseases 
Characteristics

CDR-SB

MMSE score

Composite SUVR 

297

298

142

297

297

120

2.4 (0.5, 5)

27 (23, 30)

1.4 (0.8, 
1.8)

2.4 (0.5, 5)

26 (19, 30)

1.4 (0.8, 2.1)
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Others

ApoE Ɛ4 carriers

AD medication use

207 
(70%)

123 
(41%)

195 
(66%)

139 
(47%)

--

--

--

--

Source: Reviewer’s independent analyses

Potential impact of the differences in PK exposures (e.g., Cavg, cumulative dose)

Both the exposure metrics, i.e., Cavg and cumulative dose (per kg), at a mean level were 
4% higher in study 302 relative to study 301 as shown in Figure 20. The exposure-
response relationship indicated that ~1.2 unit change in ADL score between aducanumab 
exposures from placebo (Cavg = 0 mg/L) to high dose group (Cavg = 56 mg/L). Therefore, 
the observed differences in exposures between studies 301 and 302 are unlikely to 
explain the differential outcomes in ADL.
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Figure 20 Comparison of the time-averaged concentrations, cumulative dose (per kg) and ADL change from 
baseline at week 78 in the high dose arms across studies 301 and 302

Source: Reviewer’s independent analyses
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Figure 21 The E-R relationship of aducanumab using Cavg as exposure and  mean 
(±95 CI) ADL score change at Week 78 (top left). The E-R relationship of 

aducanumab by study (top right), ApoE Ɛ4 carrier status (bottom left) and 
baseline AD medication use (bottom right).

Source: Reviewer’s independent analyses

Potential imbalances in the number of patients who were classified as fast 
progressors

Based on the final exposure-response model, an overwhelming majority (96.5%) were 
classified as typical progressors, while the rest (3.5%) were classified as fast progressors. 
Though small numbers, the fast progressors seem to be fairly distributed across dose 
groups between studies 301 and 302. Exclusion of the fast progressors does not seem 
to affect the dose-response relationship between studies 301 and 302, and therefore, 
unlikely to explain different trial outcomes in ADL change from baseline scores between 
studies. 
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Figure 22 Mean (±SE) change from baseline in ADL score by treatment and study, 
excluding fast progressors identified by exposure-response model

Table 19 Distribution of the fast progressors as identified by the exposure-
response model

Placebo Low dose High dose

Study 301 6 6 8

Study 302 4 8 7

Table 20 Mean [95% CI] changes from baseline in ADL scores at week 78 in all 
patients and excluding the fast progressors in studies 301 and 302

Placebo Low dose High dose

All data -3.53 (n=333)              
[-2.81, -4.25]

-3.13 (n=329)                 
[-2.42, -3.84]

-3.24 (n=297)                 
[-2.45, -4.02]

Study-
301

Excluding fast 
progressors

-3.13 (n=327)            
[-2.48, -3.79]

-2.67 (n=323)                
[-2.05, -3.28]

-2.64 (n=289)              
[-1.97, -3.31]

All data -4.35 (n=285)                    
[-3.53, -5.17]

-3.48 (n=288)                  
[-2.70, -4.27]

-2.15 (n=296)                  
[-1.39, -2.91]

Study-
302

Excluding fast 
progressors

-4.01 (n=281)               
[-3.26, -4.77]

-2.90 (n=280)                 
[-2.21, -3.59]

-1.59 (n=289)                  
[-0.945, -2.23]

Source: Reviewer’s independent analyses
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Reviewer’s Comments:

Based on the exploratory analyses comparing the demographics and baseline 
characteristic, potential impact of PK exposures (e.g., Cavg, cumulative dose) differences 
or potential imbalances in the patients classified as fast progressors between studies 301 
and 302, none of the factors were able to explain the differential outcomes of the high 
dose between the two studies.
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4.3.3 Exposure-Response Analyses for CDR-SB

4.3.3.1 Cavg as Exposure Metric

Report cpp-20-004-biib037.pdf was submitted in sequence 0003, module 5335, and is 
titled “Exposure–CDR-SB Analysis of Aducanumab in Subjects With Alzheimer’s Disease 
From Two Phase 3 Clinical Studies”. This report describes exposure-response analyses 
for the CDR-SB endpoint using PK-based exposure metrics as well as SUVR as an 
exposure-metric. Report cpp-20-004-biib037-addendum.pdf was submitted in sequence 
0029, module 5335, and is titled “Exposure–CDR-SB Analysis of Aducanumab in 
Subjects With Alzheimer’s Disease From Two Phase 3 Clinical Studies Using Censored 
Data”. This report describes exposure-response analyses for CDR-SB using the censored 
dataset and provides comparison with the analyses using the uncensored dataset 
described in report cpp-20-004-biib037.pdf. The censored dataset is a dataset which 
excludes all observations acquired on or after March 21st, 2019 (the date the Phase 3 
trials were ceased due to futility). 

Data: Data were pooled from both Phase 3 studies 301 and 302 for the analyses 
described in cpp-20-004-biib037-addendum.pdf. The dataset includes placebo arm 
subjects used for developing the disease progression model and aducanumab arm 
subjects used to develop the exposure-CDR-SB model. There were 3715 observation 
records from 1092 subjects from the placebo arm used to develop the disease 
progression model. There were 11088 observation records from 3283 subjects from the 
aducanumab arm used to develop the exposure-CDR-SB model. Observations acquired 
on or after March 21st, 2019 were excluded from the dataset.

Model: A linear model of the logit-transformed CDR-SB was used to characterize the time 
profile of CDR-SB in the placebo group to describe the natural progression of the disease. 
The drug effect was modelled as an additive effect on the disease progression rate. 
Aducanumab average concentration for each subject within a dosing interval (Cavg) was 
used as the measure of exposure for drug effect. Covariates in the final model include 
baseline MMSE and race on baseline CDR-SB as well as baseline MMSE on rate of 
progression. 

Heterogeneity in the progression rate was addressed using a mixture model to classify 
subjects into 3 categories based on progression rate. The final model utilized 3 classes 
of progression rate, which are referred to as slow progressors, typical progressors, and 
fast progressors. 

The disease progression model parameter estimates are summarized in the table below. 
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Table 21: Parameter Estimates for disease progression model with Censored Data 
(Run 9C)  

Source: sequence 0029, module 5335, cpp-20-004-biib037-addendum.pdf, page 40 of 90

Key model development assessments are summarized below. 

PBO arm (Disease Model) vs PBO+TRT arms (Disease + Drug Effect): The Applicant 
compared parameter estimates of the base disease progression model (Run 9C) to 
estimates of the base exposure-response model (disease model + drug effect term; Run 
13C; Table 12, page 49 of 90 of cpp-20-004-biib037-addendum.pdf). All parameters in 
13C are present in 9C except for drug effect (a single drug effect parameter to represent 
both studies and all progression groups). The Applicant states that the drug effect 
estimate is significant (as the drug effect 95% confidence interval (0.500, 1.65) does not 
include 0).

Pooled Drug Effect, Drug Effect by Study, Zero Drug Effect in Study 301, in Typical 
Progressors: The Applicant compared three scenarios with the base E-R model in typical 
progressors, using the censored dataset; 1) a “pooled drug effect” common to Study 301 
and Study 302 (Run 13C_TYP), 2) separate drug effect estimated for Study 301 and 
Study 302 (Run 14C_TYP), and 3) drug effect for study 301 fixed to zero, and drug effect 
estimated for Study 302 only (Run 35C_TYP).  For additional details, please see Table 
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16, page 54 of 90 of cpp-20-004-biib037-addendum.pdf. The assignment of the Typical 
Progressor class was based on run 13C. The run with estimation of separate drug effect 
parameters for Study 301 and 302 (Run 14C_TYP; OFV -47564.054) produced a lower 
objective function value than for the run with a fixed drug effect of 0 in Study 301 and 
estimated drug effect in Study 302 only (run 35C_TYP; OFV -47558.031). The model with 
the pooled drug effect (Run 13C_TYP) produced a lower objective function value (-
47562.139) than the model with a fixed drug effect of 0 in Study 301 (run 35C_TYP; OFV 
-47558.031) but not as low as the run where separate drug effects were estimated for 
Study 301 and Study 302 (14C_TYP; -47564.054). The Applicant concludes that, based 
on the Bayesian Information Criterion (BIC) value, the model with the pooled drug effect 
for Study 301 and 302 (run 13C_TYP; lowest BIC value of -47506.859) is the most 
parsimonious of the three approaches (BIC values -47499.561 and -47502.751 for runs 
14C_TYP and 35C_TYP, respectively). In addition, the Applicant points out that the OFV 
is ~6 points higher for 35C_TYP (model with study 301 drug effect fixed to 0) compared 
to study 14C_TYP (model where separate drug effect are estimated for Study 301 and 
302). As the ~6 point OFV difference is associated with p<0.05 for these nested models, 
the Applicant concludes that this supports the existence of a detectable drug effect in 
Study 301. 

Reviewer’s comment: 

The Applicant’s analyses support the existence of a drug effect on CDR-SB in Study 301. 
The BIC value comparison supports the model with a combined drug effect versus drug 
effect by study (Model 13C). Though, in model 14C_TYP, the drug effect for study 302 is 
60% greater than for Study 301 (1.30 versus 0.79), the %RSE is higher for the Study 301 
drug effect (41%) versus the study 302 drug effect (24%). It is not clear why the drug 
effect appears to be lower in Study 301. However, moving forward with model 13C (tri-
modal mixture model, rate in all progression groups estimated, and drug effect common 
to both study 301 and 302; model 13C) as the base model is reasonable for covariate 
model development. For exposure-CDR-SB relationship comparison between Study 301 
and Study 302, results from 14C_TYP were used to highlight the smaller effect size 
observed in Study 301 even though the difference was not statistically significant based 
on the pre-specified test. However, lack of statistical significance is not the evidence of 
no difference given the obvious difference in point estimates (1.30 versus 0.79) and could 
well be the outcome of insufficient sample size.
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Covariate Modeling: A covariate search was performed using the base model. Candidate 
covariates ApoE e4 status, age, baseline, MMSE, sex, and race were applied to all 
structural model parameters of the base model to create a “full model”. Backwards 
elimination was administered to the full model to identify a parsimonious final model. 

Final Covariates: Race and baseline MMSE are covariates on baseline CDR-SB (a.k.a. 
BSL). Baseline MMSE is a covariate on rate of progression (same covariate parameter 
for Slow Progressors, Typical Progressors, and Fast Progressors). These are the same 
covariates that were applied in the model built in with inclusion of the uncensored data in 
report cpp-20-004-biib037.pdf. 

The parameter estimates from the final model (Run 37C), and model diagnostics are 
shown in below.

Table 22: Parameter Estimates for the Final Model for E-R for CDR-SB (Run 37C)

Run 37C refers to the final model developed using the censored dataset and is considered by the Applicant to be the  
final model for exposure-response for CDR-SB.

Source: sequence 0029, module 5335, cpp-20-004-biib037-addendum.pdf, page 66 of 90
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Figure 23: Goodness of Fit Plots for Final Exposure-Response Model for CDR-SB 
(Run 37C)

The red solid line is the unity line and blue line represents a loess smoother. 
Source: sequence 0029, module 5335, cpp-20-004-biib037.pdf-addendum, page 69 of 90

Figure 24: Visual Predictive Check for Final Exposure-Response Model for CDR-
SB (Run 37C)

The solid and dotted lines represent the observed mean and 2.5, 97.5 percentiles. The shaded region in blue 
represents the model predicted 95% CIs. 

Source: sequence 0029, module 5335, cpp-20-004-biib037.pdf-addendum, page 70 of 90
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Reviewer’s comment: 

The CWRES vs population prediction plot as well as the CWRES vs time since first dose 
plot both indicate that CWRES are centered around zero in cases where data are the 
densest (population prediction ≤ 4, time since first dose ≥ 6 months). CWRES deviation 
from zero is most apparent at times < 6 months as well as predictions > 4, where the 
CDR-SB samples are sparser. The VPC indicates that the model represents the central 
tendency and variability of the CDR-SB score distribution well across the range of dose 
levels, by Phase 3 study (301 vs 302) and ApOE4 status.

4.3.3.2 Alternate Exposure Metrics 

As an exploratory analysis, the Applicant also utilized alternative measures of exposure 
such as cumulative Cavg (time-averaged exposure over a treatment period), 
10movingCavg (time-averaged exposure over 10 infusions of aducanumab), and SUVR 
as the independent variable in the exposure-response model for CDR-SB. The results of 
the SUVR-CDR-SB model using the uncensored dataset can be found in report cpp-20-
004-biib037.pdf. SUVR provided the best model fit out of all the alternative measures of 
exposure in terms of objective function value for the uncensored dataset. For the 
censored data only the use of the SUVR as alternate measure of exposure was re-
evaluated. Run 715C has the same structural and random effect structure as Run 13C 
but uses SUVR change from baseline at time of CDR-SB measurement as an exposure 
metric.

SUVR Data for E-R Analysis: As SUVR observations are available for one-third of the 
subjects, the exposure-SUVR model (cpp-20-003-biib037.pdf; see section 4.3.4 of this 
review for details) was used to impute typical individual predicted SUVR profiles for all 
individuals without SUVR observations (using each subject’s covariates).

Scenarios for Analysis of SUVR-CDR-SB Base Model: The Applicant conducted various 
modeling scenarios compared against Run 715C. The Applicant conducted “factorial” 
runs to assess impact of study, mixture class, and study-mixture class interaction, and for 
the SUVR-CDR-SB relationship using the censored dataset. Based on the factorial runs, 
Run 715C (no differential between drug effect among progression classes, no 
differentiation between the drug effect among study) provides the lowest BIC value and 
Applicant concludes is the most parsimonious model when using SUVR as an exposure 
metric. 
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Reviewer’s comment: 

While each of the models tested against Run 715C in the factorial runs provided a 
reduced objective function value (tables 22 and 23 on pages 74 and 75 of cpp-20-004-
biib037-addendum.pdf), the BIC value was the lowest for Run 715C. Use of Run 715C 
as final model for SUVR-CDR-SB analysis is acceptable.

The Applicant did not include covariates in the SUVR-CDR-SB model. The table below 
shows the parameter estimates of the final SUVR-CDR-SB model (Run 715C).

Table 23: Parameter Estimates for the Final SUVR-CDR-SB Model (Run 715C)

BSL: Baseline CDR-SB. Rate (1): Slow or Non-Progressor; Rate (2): Typical progressor; Rate (3): Rapid Progressor. 
Drug effect is expressed as the maximum drug effect on the slope of progression that can be achieved by aducanumab, 
when SUVR reduction reaches its maximum.

Source: sequence 0029, module 5335, cpp-20-004-biib037-addendum.pdf, page 76 of 90

The Applicant provided diagnostics plots as well as a visual predictive check (cpp-20-
004-biib037-addendum.pdf, Figures 9 and 10 on pages 79 and 80; figures not shown in 
the review.) 
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Reviewer’s comment: 

Overall, the diagnostic plots for the SUVR-CDR-SB model show no obvious signs of 
systemic bias with respect to time after dosing or population prediction magnitude. The 
VPC shows that the model performance is best in the typical progressor population (which 
represent ~86% of the data).

4.3.3.3 Conclusions 

The Applicant provides the following conclusions: 

Cavg – CDR-SB Model:

 When considering all progression groups, the signal for drug effect in study 301 is 
too weak to be estimated with sufficient precision using the censored data.

 In typical progressors (a more homogenous population that account for ~86% of 
the subjects), the drug effect in Study 301, when estimated separate from Study 
302, is statistically significant. Also, in typical progressors, the model with a 
common drug effect between studies 301 and 302 is most parsimonious. 

SUVR – CDR-SB Model:

 The base SUVR-CDR-SB model (715C) demonstrates a better fit compared to the 
censored base Cavg-CDR/SB model (13C), which is expressed by a differential of 
-11.25 units in the OFV between the two. From a mechanistic standpoint this 
numerical preference to measure of exposure that express longer delays than 
Cavg reflect the mechanism of action assumption that the processes that are 
driving the clinical outcomes unfold primarily in the brain, a remote compartment 
that is delayed in terms of exposure with respect to the blood compartment, where 
the exposures used for modeling are observed.

 The censored model still detects aducanumab effect on CDR-SB in both Studies 
301 and 302.

 The most parsimonious (by BIC) model assumes a common drug effect between 
Studies 301 and 302

Reviewer’s comment: 

The Applicant concludes that the drug effect signal is weak compared to the noise (that 
is, the %RSE is high) in study 301 (after creating the censored data) for all progressor 
groups pooled. It is plausible that, by removing some data, which consisted Week 50 
observations and Week 78 observations, that the drug effect signal may weaken. Also, 
Applicant points out that the in the censored dataset, for all progressor groups, that the 
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Figure 26 CDR-SB change from baseline based on MMRM analysis for different 
dose groups in studies 103, 301 and 302 (studies 301 and 302 are further stratified 

by Pre-PV4 and Post-PV4)

Source: Reviewer’s independent analyses
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4.3.4 Exposure-Response for SUVR

4.3.4.1 Applicant’s Model

Report cpp-20-003-biib037.pdf was submitted in sequence 0003, module 5335, and is 
titled “Population Exposure-SUVR Response Analysis of Aducanumab Data”. This report 
describes exposure-response analyses for the SUVR measurements using PK-based 
exposure metrics.  

 

PD Data: SUVR data were collected from Phase 1b Study 103 as well as Phase 3 studies 
301 and 302. The final dataset, nm.poppksuvr.alldata.final.01032020.csv, contains 1125 
subjects with 3655 SUVR measurements, including 466 post-baseline SUVR 
measurements from the placebo arm of all 3 studies.

PK Data: Individual empirical Bayes estimates of PK parameters clearance (CL), central 
volume of distribution, peripheral volume of distribution, and distribution clearance were 
carried over from the population PK model as fixed parameters to calculate the 
aducanumab drug exposure. Predicted AUC in the central compartment was used as the 
exposure metric for exposure-SUVR analyses.

Structural Model: Applicant used a turnover model (a.k.a. indirect-response model) with 
aducanumab stimulating the reduction of SUVR (Kout). An Emax function connects the 
exposure metric to the Kout term. The model schematic for the final exposure-response 
model for SUVR is presented in the figure below.
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Figure 27: Model Schematic for the Final Exposure- Response Model for SUVR

Drug response of SUVR is a function of Kin (the production rate of amyloid plaque), and Kout (the rate constant of 
degradation of SUVR plaque), and aducanumab simulating Kout (presented as 1+Emax*C/[EC50+C], where C is drug 
exposure from central compartment, Emax is drug effect on simulating SUVR plaque removal, and EC50 is the 
exposure at which the maximum effect occurs).

Source: sequence 0003, module 5335, cpp-20-003-biib037.pdf, page 21 of 175

Interindividual variability: Inter-individual variability (IIV) was estimated for Kout, Emax, 
baseline SUVR, and EC50 using an exponential model. Off-diagonal covariance terms 
were estimated for the following variable combinations; Kout with Emax, Emax with 
baseline SUVR, and baseline SUVR with EC50. 

Residual variability: Residual variability was modelled using a proportional error model.

Covariates in final model: Age, ApoE e4 status, and baseline MMSE are covariates on 
SUVR. Age is a covariate on Emax. Baseline body weight is a covariate on Kout.  

The parameter estimates for the final model (Run 752) are presented in the table below.
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Table 24: Parameter Estimates for the Final E-R Model For SUVR (Run 752)

Source: sequence 0003, module 5335, cpp-20-003-biib037.pdf, page 37 to 38 of 175

Key diagnostic plots are presented below.
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Figure 28: Diagnostic plots for the final E-R model for SUVR (Run 752)

Source: sequence 0003, module 5335, cpp-20-003-biib037.pdf, page 40 of 175
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Figure 29: Visual Predictive Check plots for the final E-R model for SUVR (Run 
752) by Dose Group and By Study

Source: sequence 0003, module 5335, cpp-20-003-biib037.pdf, page 45 of 175

The following are key conclusion statements regarding the modeling provided by the 
Applicant:

1. The PD effect was characterized by an indirect response (turnover) model with 
drug acting to induce plaque elimination. 

2. Subjects from Studies 301 and 302 showed similar PD characteristics, and study 
effect was not detected as a significant covariate. 

Reviewer’s comment: 

The diagnostic plots do not show signs of systematic bias with respect to magnitude of 
predicted SUVR nor time after dose. The VPC’s demonstrate that the model can depict 
the SUVR data well by dose group as well as by Phase 3 study. Overall, the Applicant’s 
model is acceptable.

The Applicant indicates that the covariate testing rejected the inclusion of study as a 
covariate on all PD model parameters in the final base model. In addition, the VPC does 
not indicate the presence of a study effect on SUVR. Overall, there is no clear evidence 
of a study effect on the exposure-SUVR relationship.
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4.3.4.2 Applicant’s Simulations Based on Model

The Applicant utilized the exposure-response model for SUVR to simulate the SUVR time 
profile of 3, 6, and 10 mg/kg doses with standard dose titration over 5 years, without 
considering dose interruptions due to ARIA. The simulated SUVR profile for these dosing 
regimens are presented in Figure 2 in section 3.3.1.3. . 

The following are key conclusion statements regarding the simulation provided by the 
Applicant:

1. The model showed a dose-proportional reduction in SUVR. 
2. The model indicated that it takes 2 years to reach a SUVR of 1.1 for 10 mg/kg (with 

standard 6-month titration)

Reviewer’s comment: 

The SUVR simulations support the notion of aducanumab providing a dose-dependent 
SUVR decrease. The SUVR simulations also suggest for a subject starting at a SUVR of 
1.4, on average, a SUVR of 1.1 may be achieved in ~2 years. The Applicant indicates 
that SUVR=1.1 is a value that has been reported to discriminate between an amyloid 
positive and negative scan based on a journal publication5. However, the clinical 
relevance of this SUVR value is not clear.

4.3.4.3 Reviewer’s Analyses

The reviewer conducted a graphical assessment to characterize the relationship between 
cumulative AUC and observed SUVR in studies 301 and 302. 

The observed SUVR values from studies 301 and 302 were obtained from the Applicant’s 
suvr0120.xpt dataset (sequence 0003, module 5, datasets, CPP-20-003-BIIB037). SUVR 
measures at Week 78 relative to the first aducanumab administration were selected. 
Predicted cumulative AUC values for based on treatment randomization for subjects in 
study 301 and 302 were obtained from the Applicant’s nmadas.xpt dataset (sequence 
0003, module 5, datasets, CPP-20-006-BIIB037). 

5 Joshi AD, Pontecorvo MJ, Lu M, et al. A Semiautomated Method for Quantification of F 18 Florbetapir 
PET Images. J Nucl Med. 2015;56(11):1736-41.
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The SUVR was plotted against cumulative AUC stratified by study (301, 302). Subjects 
that received placebo were included and were assigned a Week 78 cumulative AUC of 0. 
A lowess was computed for each phase 3 study.

The plot of the observed SUVR and predicted cumulative AUC relationship in studies 301 
and 302 (n=573) is presented in Figure 3 in section 3.3.1.3. 

Reviewer’s comments: 

This analysis includes SUVR samples which are expected to be associated with the 
mechanism of action of aducanumab in this indication. This graphical analysis allows 
visualizing the apparent relationship between the biomarker and cumulative PK at week 
78. The lowess for study 302 passes through lower SUVR values at higher cumulative 
AUC values compared to study 301. However, data are relatively sparse at higher 
cumulative AUC compared to lower cumulative AUC values. In addition, this approach 
does not take into consideration imbalances in demographics and other patient 
characteristics which may occur when breaking randomization. 

Overall, results of these graphical analyses demonstrate that SUVR values are generally 
higher in the placebo arm and that Week 78 SUVR decreases as the Week 78 cumulative 
AUC increases. This conclusion is consistent with the dose-SUVR response relationship 
based on the randomized groups.
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4.3.5 Exposure-Response Analysis for ADAS-Cog 13 and ARIA-E 

This document is a review of the applicant’s exposure-response (ER) analyses of 
Alzheimer’s Disease Assessment Scale - Cognitive Subscale 13 items (ADAS-Cog 13, a 
secondary efficacy endpoint) outcome and ARIA-E (safety endpoint) in aducanumab 
clinical program. 

4.3.5.1 Applicant’s analyses

Exposure-response analysis of ADAS-Cog 13 data of aducanumab

Objectives:

 To develop a longitudinal model of the disease progression as characterized by 
ADAS-Cog 13 outcome

 To develop an ER model to quantify the relationship between aducanumab 
exposure and ADAS-Cog 13 response in Alzheimer’s Disease (AD)

 To identify intrinsic and extrinsic factors that may be significant determinants of 
variability in ADAS-Cog 13 in AD

Data: Data from two Phase 3 studies (221AD301 and 221AD302) were used for the ER 
analysis. Subjects received infusions of aducanumab low dose, aducanumab high dose 
or placebo approximately every 4 weeks for approximately 18 months during the double-
blind period. Subjects in low dose groups were titrated to 3 mg/kg (for ApoE Ɛ4 carriers) 
or 6 mg/mg (for ApoE Ɛ4 non-carriers) dose of aducanumab. Subjects in high dose groups 
were titrated to 10 mg/kg dose of aducanumab irrespective of ApoE Ɛ4 carrier status.

Method: Mixed-effects modeling with approximate maximum likelihood estimation was 
used to evaluate the population characteristics of ADAS-Cog 13 progression. The disease 
progression model was built using placebo subjects’ data only, and the ER model was 
developed by incorporating drug effect (using average concentrations, Cavg) in the 
disease progression model. The basic goodness-of-fit plots, diagnostic plots, minimum 
objective function value, and precision of parameter estimates were used to guide model 
building and to assess the model fit. 

Results: The logit linear disease progression model adequately describes the ADAS-Cog 
13 progression. The heterogeneity in the data was described using mixture models on 
slope, which identifies 3 populations i.e. slow (1.8%), typical (93.9%) and fast progressor 
(4.3%). The drug effect model included an additive linear effect of aducanumab exposure 
(Cavg) on the slope in the disease progression model. The estimated drug effect translates 
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into ~1 unit reduction in ADAS-Cog 13 progression at Week 78.  No covariate model 
development was pursued, since weak evidence of a statistically significant drug effect 
(p-value = 0.085; calculated based on drug effect’s estimates and standard error) was 
detected in the dataset (included ADAS-Cog 13 observations after cutoff date 
03/21/2019). Of note, statistically significant drug effect (p-value = 0.04) was detected in 
the revised dataset (which excluded ADAS-Cog 13 observations after cutoff date 
03/21/2019).

The parameter estimates of the final ER model are shown in Table 25.  The final ER 
model was assessed with diagnostics plots (Figure 30 and Figure 31, which adequately 
describe the ER data of aducanumab for ADAS-Cog 13. 

Table 25: Parameter estimates of the applicant’s final ER model for ADAS-Cog 13.

Censored Model (15C)Parameter Unit
Estimate %RSE

Baseline 21.6 0.673

Slow Progressor rate yr-1 -0.597 15.1

Typical Progressor rate yr-1 0.156 5.02

Fast Progressor rate yr-1 0.883 4.83

Prop Slow Progressor % 1.83 34.4

Prop Typical Progressor % 93.9 1.08

Prop for Fast Progressor % 4.30 16.6

Drug Effect L.g-1.yr-1 0.374 48.7

Baseline IIV ω2 0.131 3.27

Correlation Baseline-Slope 0.705 16.4

Rate IIV ω2 yr-2 0.00999 27.1

Additive error on logit scale logit 0.217 0.991

Source: Applicant’s revised ER report of ADAS-Cog 13 data, Page-6
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Figure 30 Goodness-of-fit plots of the applicant’s final ER model for ADAS-Cog 
13.

Source: Applicant’s report on population ER analysis of ADAS-Cog 13 of aducanumab, 
Page- 38.

Figure 31 Model predicted mean ADAS-Cog 13 profiles over time by treatment 
and dose groups.

Black, red and green dashed lines represent observations, individual predictions and 
population predictions respectively. Source: Applicant’s report on population ER 

analysis of ADAS-Cog 13 of aducanumab, Page- 37.
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Exposure-response analysis of ARIA-E for aducanumab

Objectives:

• Develop time-to-event (TTE) models to characterize the relationships between 
aducanumab exposure and the first incidence of ARIA-E in subjects with AD.

• Develop TTE models to characterize the relationships between aducanumab exposure 
and the resolution of first episode of ARIA-E in subjects with AD.

Data: Data from one Phase 1 (221AD103) and two Phase 3 studies (221AD301 and 
221AD302) were used for the time to the first ARIA-E incidence analysis. Data from two 
Phase 3 (221AD301 and 221AD302) studies were used for the time to resolution of first 
ARIA-E episode analysis.

Method: The TTE modeling methodology was used to characterize the ER relationships 
of aducanumab concentration with (1) first incidence of ARIA-E and (2) time to resolution 
of ARIA-E. The TTE models characterized the instantaneous risk (i.e., hazard) of having 
ARIA-E (or resolution of ARIA-E) over time. Base models evaluating baseline, non-drug 
and drug effect components were developed. Covariate model was then developed using 
backward elimination procedure. An internal visual predictive check (VPC) was used to 
assess predictive performance of the final model on data used in model development.

Results

Time to first incidence of ARIA-E: In the final TTE model, ARIA-E hazard is driven by 
the baseline, drug effect component (Emax model using model-predicted serum drug 
concentration) and time component (attenuation of drug effect on ARIA-E hazard). The 
ApoE carrier status and study effect was added on the baseline hazard. The TTE model 
suggested that ARIA-E events increases at higher aducanumab concentrations and the 
drug effect attenuates over time. Also, baseline ARIA-E hazard were 1.8x higher in one-
copy ApoE Ɛ4 carriers and 4x times higher in two-copy ApoE Ɛ4 carriers as compared to 
non-carriers. 

The parameter estimates of the final TTE model for time to first ARIA incidence are shown 
in Table 26. The VPC plots of ARIA-E incidence by ApoE carrier status and dose are 
shown in Figure 32, which suggested adequacy of TTE model in describing time-to-first-
ARIA incidence data. 
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Table 26: Parameter estimates for the applicant’s final time-to-first-incidence of ARIA-E model.

Source: Applicant’s report on ARIA-E ER model for aducanumab, Page- 65.
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Figure 32 Visual predictive check of final time-to-first-incidence of ARIA-E model 
by ApoE carrier status and dose.

Source: Applicant’s report on ARIA-E ER model for aducanumab, Page- 72.
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Time to resolution of first ARIA-E episode: In the final TTE model, ARIA-E resolution 
hazard (desirable outcome) is driven by the baseline, drug effect component (power 
model using model-predicted serum drug concentration) and non-linear time component 
(half-life~16 days). The TTE model suggested that ARIA-E resolution takes longer for 
subjects with higher drug concentrations. Also, ARIA-E resolution increases with time until 
it reaches steady state at ~80 days, after which resolution is independent of time. In terms 
of covariates, baseline ARIA-E severity was added on the baseline hazard, which 
suggested that severe cases take longer to resolve than mild or moderate severe cases 
at baseline.

The parameter estimates of the final TTE model for time-to-first ARIA episode resolution 
are shown in Table 27Table 27. The VPC plots of ARIA-E resolution by baseline ARIA-E 
severity and treatment are shown in Figure 33, which suggested adequacy of TTE model 
in describing time-to-first-ARIA episode resolution data. 

Table 27: Parameter estimates for the applicant’s final time-to-resolution of               
ARIA-E model.

Source: Applicant’s report on ARIA-E ER model for aducanumab, Page- 97.

Reference ID: 4807109Reference ID: 4810121



118

Figure 33 Visual predictive check of the time-to-resolution of ARIA-E model by 
treatment and baseline ARIA-E Severity.

Source: Applicant’s report on ARIA-E ER model for aducanumab, Page- 103.
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4.3.5.2 Reviewer’s analyses

Evaluation of applicant’s E-R analysis 

The reviewer was able to reproduce the applicant’s ER models for ADAS-Cog 13 
progression, TTE first ARIA-E incidence and TTE first ARIA episode resolution. The 
resulting parameter estimates, and model performances were consistent with the 
applicant’s analysis.

Exploration of between-study differences observed for ADAS-Cog 13 scores

The ADAS-Cog 13 data have shown dose-response relationship for aducanumab at 
Week 78 (end of placebo-controlled study) with a marked drug effect for the high dose 
group in Study 302. However, same magnitude was not observed for high dose group in 
Study 301. The reviewer conducted independent analysis to explore between-study 
differences in ADAS-Cog 13 response at Week 78. Few potential reasons explored are 
listed below: 

1. Imbalance in baseline study variables including demographics and disease 
characteristics

2. Imbalance in ARIA-E incidences
3. Impact of differences in PK exposures
4. Imbalance in the number of participants with fast progression

Figure 34: Mean (± SE) ADAS Cog 13 change profiles by treatment groups and 
study.
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Mean ADAS-Cog 13 scores at Week 78 by treatment groups and study

Mean ADAS-Cog 13 score change from baseline at Week 78 

Placebo Low dose High dose
Study 301 5.23 (n=326)

[4.38, 6.09]
5.04 (n=331)
[4.24, 5.84]

4.9 (n=294)
[4.09, 5.72]

Study 302 5.02 (n=285)
[4.19, 5.84]

4.59 (n=289)
[3.70, 5.47]

4.00 (n=292)
[3.24, 4.76]

Source: Reviewer’s independent analyses; adas_aducanumab_analysis_2.R

As the review focus was to identify between-study differences at Week 78 for ADAS-Cog 
13 in high dose groups of the two Phase-3 studies, all study comparisons are shown for 
high dose groups (if relevant), unless indicated otherwise.

1. Imbalance in baseline study variables including demographics and disease 
characteristics 

 The demographics of the subjects in high dose groups were compared across studies 
in Table 28, which suggest similar distribution of age, weight, and sex across Study 
301 and Study 302. 

 Comparison of baseline ADAS-Cog 13, SUVR, MMSE and CDR-SB values in high 
dose groups across study 301 and 302 showed similar distribution of baseline disease 
characteristics. (Table 28).

 Subjects were also compared for their ApoE genotype and baseline AD medication 
use across studies (Table 28). The impact of ApoE genotype and AD medication on 
ADAS-Cog 13 scores is shown in Figure 36.  

Table 28: Summary of subjects in high dose groups across studies by their 
demographics, baseline disease characteristics and other study variables.

N Mean (Min, Max)Baseline study variables
Study 301 Study 302 Study 301 Study 302

Demographics
Age
Weight
Male 

294
294
139 (47%)

292
292
149 (51%)

69 (50, 85)
72 (41, 128)
--

70 (50, 85)
71 (35, 138)
--
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Diseases 
Characteristics

CDR-SB
ADAS-Cog 13 

scores
MMSE score
Composite SUVR 

294
294
294
141

292
292
292
120

2.4 (0, 5)
22 (6, 43)
27 (23, 30)
1.4 (0.8, 
1.8)

2.4 (0.5, 5)
22 (5.3, 49)
26 (19, 30)
1.4 (0.8, 2.1)

Others
ApoE Ɛ4 carriers
AD medication use

206 (70%)
120 (41%)

191 (65%)
138 (47%)

--
--

--
--

Source: Reviewer’s independent analyses; adas_aducanumab_analysis_2.R

2. Imbalance in ARIA-E incidences

ARIA-E was a dose-related safety event in the trials. The frequency of ARIA-E incidences 
in high dose groups was compared across studies, which showed comparable ARIA-E 
incidences (n=188 [34.8%] in Study 302 vs. n=199 [35.9%] in Study 301) across studies. 
Among those with ARIA-E in each high dose group, dosing was continued as planned 
(29% in Study 302 vs. 27% in Study 301), suspended (67% in Study 302 vs. 65% in Study 
301), reduced (1.6% in Study 302 vs. 4.5 % in Study 301) and discontinued (2.1% in 
Study 302 vs. 3.5% in Study 301). The ARIA-E incidences and the resulting dosing 
actions were similar across studies; and its impact on PK exposures was evaluated in the 
next section.  

     

3. Impact of differences in PK exposure

Differences in aducanumab PK exposures in high dose groups across studies at Weeks 
26, 50 and 78 was evaluated. Focusing on time averaged concentrations, the difference 
in the area under the Cavg-time (up to 78 weeks) curve between Study 301 and Study 302 
was ~2.2% (Figure 35). However, this Cavg estimate does not include dosing changes 
occurred between the above-mentioned visits due to protocol changes. Impact of 
changes in PK exposure in ADAS-Cog 13 score changes was evaluated using ER 
relationship of aducanumab for ADAS-Cog 13 (Figure 35). The ER relationship 
suggested ~1 unit change in ADAS-Cog 13 score when increasing PK exposures from 
placebo (Cavg = 0 mg/L) to high dose group (Cavg = ~55 mg/L). Differences observed in 
Cavg (Figure 35) across studies are unlikely to explain the difference of the high dose 
group between the two studies. 
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Figure 35  Comparison of time-averaged concentrations in the high dose group 
across studies in the ER data

Source: Reviewer’s independent analyses; adas_aducanumab_analysis_2.R

Aducanumab ER relationship was further analyzed to understand the impact of ApoE 
carrier status and baseline AD medication use (Figure 36). Overall, overlapping of 95% 
confidence interval of ER relationship by ApoE carrier status suggested minimal impact 
of ApoE carrier status on ADAS-Cog 13 progression at Week 78. With respect to baseline 
AD medication use, subjects with AD medication show reduced mean ADAS-Cog 13 
scores (~2 units) at Week 78 as compared to subjects without AD medication use. Also, 
subjects with baseline AD medication use were higher in Study 302 (n=138) as compared 
to Study 301 (n=120). Imbalance in numbers of subjects with baseline AD medication 
usage may affect ADAS-Cog 13 scores, and thus should have been explored in the E-R 
model. 
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Figure 36 Top left: The ER relationship of aducanumab using Cavg as exposure 
and  mean (±95 CI) ADAS-Cog 13 score change at Week 78 as response variable. 
The ER relationship of aducanumab by study (top right), ApoE Ɛ4 carrier status 

(bottom left) and baseline AD medication use (bottom right).

Source: Reviewer’s independent analyses; adas_aducanumab_analysis_2.R
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4. Imbalance in the number of participants with fast progression 

The ER model identified three populations based on the disease progression slope i.e. 
fast progressor, typical progressor and slow progressors. Higher number of fast 
progressors observed in Study 301 (n=14) may result in higher ADAS-Cog 13 scores as 
compared to Study 302 (n=5). To investigate the impact of fast progressors, ADAS-Cog 
13 progression was evaluated using the ER data without fast progressors (Figure 37). 
Exclusion of fast progressors did not alter the dose-response relationship observed in 
overall ER data (Figure 37C) and thus rules out fast progressors as a potential reason 
for between-study differences observed for ADAS-Cog 13 scores.

Figure 37 A. Mean (±SE) change in ADAS Cog 13 by treatment and study                  
using ER data without fast progressors

B. Numbers of model-predicted fast-progressors across studies

Placebo Low dose High dose

Study 301 13 13 14

Study 302 6 12 5
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C. Comparing mean ADAS-Cog 13 scores at Week 78 between the ER data 
without fast progressors and the complete ER data

Mean [95% CI] ADAS-Cog 13 score change from baseline at Week 78
Placebo Low dose High dose

Excluding fast 
progressors

4.25 
(n=313)
[3.56, 4.94]

4.08 
(n=318)
[3.46, 4.71]

3.99
(n=280)
[3.30, 4.68]

Study-301

All E-R data 5.23 
(n=326)
[4.38, 6.09]

5.04 
(n=331)
[4.24, 5.84]

4.9 
(n=294)
[4.09, 5.72]

Excluding fast 
progressors

4.55 
(n=279)
[3.81, 5.29]

3.61 
(n=277)
[2.89, 4.33]

3.64 
(n=287)
[2.95, 4.34]

Study-302

All E-R data 5.02 
(n=285)
[4.19, 5.84]

4.59 
(n=289)
[3.70, 5.47]

4.00 
(n=292)
[3.24, 4.76]

Source: Reviewer’s independent analyses; adas_aducanumab_analysis_2.R

Conclusions

 The applicant’s ER analysis for ADAS-Cog 13 was reviewed with the intent of 
identifying variables which resulted in between-study differences for ADAS-Cog 13 
scores. Overall, the ER model adequately described the ADAS-Cog data. 

 Even though a common drug effect was supported by the pre-specified statistical 
test, the overall effect size for the high dose in Study 301 was numerically smaller 
than that in Study 302 (Figure 38). 
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Figure 38: Slope of disease progression for ADAS-Cog13 by                                 
treatment arm and study 

Source: Reviewer’s independent analyses

 The observed ER relationship suggested that PK exposure differences across 
studies are unlikely to explain the numerical different effect sizes between the two 
studies. Similar as CDR-SB, the Pre-PV4 subgroup for the high dose in Study 301 
is the main driver for this difference (Figure 39). The results based on the primary 
statistical analysis (MMRM) also showed the outlier nature of the Pre-PV4 
subgroup for the high dose group in Study 301, especially when compared with all 
other efficacy data from studies 301 and 302 (Figure 40).  
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Figure 39: Slope of disease progression for ADAS-Cog13 by treatment arm and 
study stratified by Pre-PV4 and Post-PV4

Source: Reviewer’s independent analyses;

Figure 40: ADAS-Cog 13 change from baseline based on MMRM analysis for 
different dose groups in studies 301 and 302 stratified by Pre-PV4 and Post-PV4

Source: Reviewer’s independent analyses; 
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 In terms of ARIA-E incidences, subjects are more likely to have an ARIA-E incidence 
at higher aducanumab concentrations and the drug effect attenuates over time. Also, 
subjects who are two-copy ApoE carriers are more likely to have ARIA-E followed 
by one-copy ApoE carriers and non-carriers. 

 The ARIA-E resolution takes longer for subjects with higher drug concentrations. 
Also, ARIA-E resolution increases with time until ~80 days. Severe ARIA-E cases 
take longer to resolve than mild or moderate cases.

LISTING OF ANALYSIS CODES AND OUTPUT FILES

File Name Description Location 

 adas_aducanumab_analysis_2.R

 slope_arm_plot.R

 LSMestimates.sas

Exploratory PK 
analysis

\\Reviews\aducanumab_BL
A761178_VS\Reviewer\Rsc
ripts
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4.3.6 Assessment of the Relationship between Amyloid Plaque Reduction and 
Clinical Outcomes Within Aducanumab Program 

The applicant conducted quantitative analyses to understand the association of amyloid 
plaque reduction, i.e., composite Aβ PET SUVR and clinical outcome i.e., CDR-SB in the 
aducanumab development program. 

Amyloid-β PET SUVR data was collected in all patients in Study 103 (patients received 
aducanumab up to 1 year) and a subset of patients (approximately 1/3) in studies 301 
and 302 (patients received aducanumab up to 1.5 years). Specifically, only data from the 
placebo-controlled period were included. The applicant noted that they compared the 
demographics and baseline characteristics of patients in the PET SUVR dataset and the 
dataset of all randomized patients. They report that they did not observe any major 
systematic differences between the two datasets. 

Next, the applicant developed mixed-model repeated measures (MMRM) model and 
included covariates: dose groups, interaction of dose groups and visits, baseline CDR-
SB (or SUVR), interaction of baseline CDR-SB (or SUVR) and visits, baseline MMSE, 
prior use of Alzheimer’s disease medicine, regions where the trial was conducted, and 
ApoE group 3 status. This MMRM model was used to derive group-level least square 
means for baseline-adjusted CDR-SB and SUVR values for each of the following dose 
groups at the end of the placebo-controlled period. 

 Study 301: low dose and high dose groups at Week 78
 Study 302: low dose and high dose groups at Week 78
 Study 103: 1 mg/kg, 3 mg/kg, 6 mg/kg, 10 mg/kg, and titration at Week 54

Subsequently, contrasts were set up to derive placebo-corrected values of these  least 
square means for CDR-SB and SUVR at each dose level for each of the 3 studies by 
calculating the difference between various dose groups and placebo groups.  

The applicant’s results are shown in Figure 4. Based on these results, the applicant 
concludes that the relationship between SUVR and CDR-SB in aducanumab 
development program is consistent with the hypothesized mechanism of action, the 
amyloid hypothesis (removal of accumulated Aβ leads to slowing of disease progression).
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Reviewer’s comments:

The applicant’s approach to evaluate the relationship between amyloid plaque reduction 
and clinical outcomes from only the placebo-controlled periods in studies 103, 301 and 
302 is acceptable. Based on an independent analysis by the reviewer (discussed in 
section 4.2.2.4), it was concluded that no obvious major differences in the demographics 
and baseline characteristics between the placebo and high dose groups across studies 
301 and 302 within the PET SUVR subset relative to the rest of the overall population. 
The applicant’s approach to use MMRM model to compute group-level LS means for 
baseline-adjusted CDR-SB and SUVR values for various dose groups in studies 103, 301 
and 302 noted above is acceptable. This is considered as a standard approach in 
hypothesis testing and based on a reasonable assumption that the missingness in the 
data is at random (MAR). Various covariates that are likely to impact CDR-SB and SUVR 
were included in the MMRM model. The reviewer was able to replicate the applicant’s 
MMRM analyses in deriving the LS mean estimates for CDR-SB and SUVR.  

As described in section 3.3.1.4.1, because of differences in inclusion/exclusion criteria for 
study 103 and 301/302, there may be differences in demographics, and baseline 
characteristics, in addition to obvious differences in the sample sizes. Therefore, when 
evaluating SUVR – CDR-SB relationship based on data across different studies, it is 
necessary to use placebo-corrected, baseline-adjusted values to account for the 
differences or imbalances between studies. When placebo-response is different between 
studies, not correcting for placebo-effect (i.e., using only baseline-adjusted values) can 
affect the interpretability of the underlying relation between SUVR and CDR-SB. This 
approach of using placebo-corrected, baseline-adjusted values when exploring potential 
relationships between biomarkers and clinical endpoints is well known and has been 
employed in regulatory assessments previously. 

In addition to exploring relationships at group-level, the applicant also evaluated 
individual-level relationship between changes in SUVR and CDR-SB across studies. 
However, the reviewer considers that the relationships evaluated at group-level are 
accurate representation of the underlying relationship for the reasons described below: 

Randomization, as noted in ICH E9 guideline section 2.3.2, “provides a sound statistical 
basis for quantitative evaluation of evidence relating to treatment effects. It also tends to 
produce treatment groups in which the distribution of prognostic factors known and 
unknown, are similar”. Patients in studies 103, 301 and 302 were all randomized into 
respective dose groups. Consequently, it is highly likely to achieve a balance of 
prognostic factors (known and unknown) across dose groups (i.e., group-level), improving 
the confidence in the underlying relationship. 

On the contrary, if the patients were randomized at group-level, and the relationships 
between endpoints were assessed at individual-level within a dose-level, such a balance 
(in prognostic factors, known and unknown) can no longer be guaranteed (e.g., an 
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artificially “flat” relationship may arise because of potential imbalances in baseline 
characteristics of patients). In other words, there can be multiple confounders across 
different individual subjects, and when multivariate analyses are conducted, it is 
extremely difficult to correctly adjust the imbalance of multiple confounders across 
individual patients due to potential nonlinear relationship and complex interactions. This 
challenge was well recognized in the field of pharmacometrics and FDA’s 2003 exposure-
response guidance (https://www.fda.gov/media/71277/download) clearly explains these 
challenges and recommends alternative methods.

As discussed in appendix Section 4.2.2.4, the SUVR subset appears to be a 
representative sample relative to the rest of the ITT population in all randomized groups. 
Therefore, the balance of baseline covariates is maintained across different arms within 
the SUVR subset. However, the individual patients with different levels of SUVR within 
the high dose group in study 302 showed clear difference in the demographic and 
baseline characteristics as summarized in Table 29. This further illustrates the 
importance of evaluating relationships at group-level.

Table 29 Covariate distribution across four subgroups                                        
within high dose in study 302

Sub 
group 
rank

SUVR range APOE+
Baseline 
AD drug 
use 

US 
Region

Baseline 
CDR-SB

Baseline 
MMSE

Age 
>=75 

1 (-0.79, -0.34) 50% 38% 67% 2.6 26.1 38%

2 (-0.34, -0.27) 52% 48% 87% 2.4 26.4 48%

3 (-0.26, -0.17) 77% 35% 58% 2.2 26.4 31%

4 (-0.16, 0) 71% 63% 63% 2.4 26.5 8%

In summary, based on results described above, the reviewer agrees with the applicant’s 
conclusion that the relationship between SUVR and CDR-SB within the aducanumab 
program is consistent with the hypothesized mechanism of action, the amyloid hypothesis 
(removal of accumulated Aβ leads to slowing of disease progression).
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4.3.7 Assessment of the Relationship between Amyloid Plaque Reduction and 
Clinical Outcomes in Development Programs for Other Candidate 
Compounds

Amyloid cascade hypothesis, which proposes the accumulation of beta amyloid (Aβ) in a 
brain with the subsequent formation of extraneuronal Aβ plaques and intraneuronal 
neurofibrillary tangles composed of hyperphophorylated tau protein, is the leading 
hypothesis for pathogenesis. Interrupting Aβ accumulation to prevent further cascade has 
been the pharmacological target for new compounds under development aiming to slow 
the disease progression. Over the past decade, a total of 7 anti-Aβ IgG antibodies, which 
intend to increase Aβ elimination, have been investigated in late phase clinical trials (i.e., 
Phase 2 and/or 3) in patients with Alzheimer’s Disease (Table 6). Except aducanumab, 
all the results on clinical outcomes and Aβ plaque reduction can be found in publications 
and presentations which are publicly available. Our findings are summarized in Section 
3.3.1.4.2. 

Summary
Based on the analysis form both the aducanumab program and 6 other programs, we 
have concluded that: 

 There appears to be a clear association between Aβ plaque reduction in brain 
and preserving clinical function in various dose arms for all efficacy and safety 
trials in aducanumab development program. 

 This relationship has been consistently observed in all available programs of anti-
Aβ antibodies under development over the past decade. 

 A larger reduction of Aβ plaque level in brain is clearly associated with a better 
maintenance of brain function as measured by Clinical Dementia Rating-Sum of 
Boxes (CDR-SB). 

 In contrast, compounds at the tested doses with no/minimal changes in Aβ 
plaque level consistently failed to demonstrate superiority over placebo in 
slowing the disease progression in clinical trials even following the treatment for 
1.5 to 2 years

 The high dose group in Study 301 in the aducanumab program seems to be the 
only group that shows a different pattern (i.e., outlier or a by-chance finding).  
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4.5 Memo from Director, Division of Pharmacometrics (Office of 
Clinical Pharmacology) 

In this memo, Dr. Yaning Wang provides additional information related to three points: 
role of placebo worsening in explaining the efficacy data in study 302, correlation between 
SUVR and CDR-SB, and the multiple adjustment approach. 

4.5.1 Erratum and clarification to information related to the role of protocol 
version 4 amendment (PV4) and placebo worsening in explaining the 
efficacy results in study 302 

During the additional clinical pharmacology analysis after the PCNS-AC meeting on 
November 6, 2020, the following issue was identified. FDA included Figure 41 shown 
below in slide 10 of the PCNS-AC presentation6, and as Figure 5 (Page 278) in Appendix 
II in the PCNS-AC meeting background package7. Based on these analyses, it was 
concluded that: “a dramatic worsening of placebo post-PV4 (red) relative to pre-PV4 
(blue). The high dose LS Mean at Week 78 is virtually unchanged between pre-PV4 and 
post-PV4 and equivalent to the low dose post-PV4. This suggests that it may not be high 
dose improvement due to the dose increase but rather placebo worsening that explains 
the apparent high dose effect in study 302” (page 277 in Appendix II). 

Note: Pre-PV4 and post-PV4 refer to the study periods before and after protocol version 
4 amendment. Patients labelled as Post-PV4 are those who consented to protocol version 
4 or higher amendment on or prior to week 16.

  

6 https://www.fda.gov/media/143504/download (Page 56/81)
7 https://www.fda.gov/media/143502/download 
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Figure 41 The Figure included in FDA’s PCNS-AC presentation (Slide 10)  

Source: https://www.fda.gov/media/143504/download, Page 56/81
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Clarification:

It should be noted that the title of the presentation slide: “APOE+ Pre-PV4 vs. Post-PV4 
CDRSB Profiles by Treatment Group and Study” is applicable only to the figures. The 
numbers included below the figures (notated as Overall, Post-PV4 and Pre-PV4) reflect 
the values for the overall population, i.e., both APOE+ (APOE ε4 carrier) and APOE- 
(APOE ε4 non-carrier) subgroups. Pre-PV4 and Post-PV4 are already subgroups of the 
originally randomized groups. APOE+ is a subgroup within a subgroup. 

Erratum and Correction

The data used to generate the plots shown in Figure 41 were based on an earlier 
preliminary dataset that was not fully audited while the numbers at the bottom of the slide 
were based on the final audited data (i.e., datasets submitted in the BLA). In addition, the 
numbers for the low dose and the high dose groups for Post-PV4 were inadvertently 
switched. Upon discussion within the FDA review team, this erratum is addressed in 
Figure 42 shown below and Table 32. These revised analyses used the final audited 
data for generating the plots for APOE subgroups and for correcting the numbers for the 
overall population, specifically for study 302.  
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Figure 42 Change from baseline estimates (least-square mean, LSM) for CDR-SB 
in Study 302 by APOE  ε4 carrier (APOE+: carrier; APOE-: non-carrier) and Pre-

/Post-PV4 status

Source: Reviewer’s independent analyses

Table 32 Revised estimates for change from baseline (least-square mean, LSM) 
for CDR-SB in Study 302 for the overall population

Placebo Low-dose High-dose

Post-PV4 1.747 1.249 1.371

Pre-PV4 1.515 1.424 1.166

Impact of PV4 on worsening 0.232 0.205

Source: Reviewer’s independent analyses
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Impact of the erratum on interpretation

Previously, based on the numbers for the overall population in study 302 included at the 
bottom of Figure 41, the worsening of patients in the placebo group after PV4 change, 
i.e., [Post-PV4] – [Pre-PV4]: 1.75 – 1.51 = 0.24 CDR-SB was much greater than the 
worsening of patients in the high dose group: [Post-PV4] – [Pre-PV4]: 1.25 – 1.17 = 0.08 
CDR-SB. This observation was further exaggerated by the figure for APOE+ subgroup in 
Figure 41. Specifically, the red bar (Post-PV4) at week 78 for the placebo group in study 
302 worsened by 0.6 (2.15-1.55) compared to the blue bar (Pre- PV4) at week 78 while 
the red bar (Post-PV4) at week 78 for the high dose group did not worsen at all (1.25-
1.25=0) compared to the blue bar (Pre-PV4) at week 78.

However, based on the corrected numbers for the overall population in study 302 included 
in Table 32, the worsening of the patients in the high dose group after PV4 change is: 
[Post-PV4] – [Pre-PV4]: 1.371 – 1.166 = 0.205 CDR-SB, which is similar to the worsening 
in patients in placebo group (1.747 – 1.515 = 0.232 CDR-SB). Even for the APOE+ 
subgroup, the revised plot in Figure 42 (lower panel) shows worsening happened for both 
placebo and high dose groups (the red dots moved up for both placebo and high dose 
groups). 

Consequently, based on the corrected numbers, there is no impact of placebo worsening 
on the placebo-corrected effect sizes in CDR-SB values for the high dose (i.e., Pre-PV4 
subgroup = -0.349 and Post-PV4 subgroup = -0.376 are similar). The placebo-corrected 
effect sizes are based on randomized patients (high dose versus placebo) during different 
periods of the study (Pre-PV4 and Post-PV4). It appears that the randomization study 
design accounted for the random fluctuation of patient population during different periods 
of the study. This was also pointed out in the applicant’s “Response to Appendix II of 
Combined FDA-Biogen PCNS Drugs AC Briefing Document” (a report submitted after the 
AC meeting to point out the errors in Appendix II of AC Briefing Document”), in which the 
applicant stated: “With randomly fluctuating placebo means, and with randomization 
balancing groups for prognostic variables, the statistically significant results on the clinical 
endpoints observed in Study 302 were not driven by placebo decline”. 

In summary, based on the clarification and the correction of the erratum described above, 
the APOE+ subgroup and the overall group data clearly show that the positive results in 
Study 302 were not driven by placebo worsening from the Post-PV4 subgroup.
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4.5.2 Is “lack of correlation between week 78 CDR-SB changes and SUVR 
week 78 changes for high dose” presented at the PCNS-AC meeting 
valid?

FDA included Figure 43 shown below in slide 20 of the PCNS-AC presentation8. Based 
on these data, it was concluded that: “lack of correlation between week 78 CDR-SB 
changes and SUVR week 78 changes for high dose”. 

This univariate analysis between CDR-SB and SUVR within one dose level is incorrect 
because the patients with different levels of SUVR within the same dose group had 
imbalanced distribution of multiple prespecified covariates for CDR-SB (Table 29).  This 
is the major reason for the conclusion above, which is clearly not supported by the group-
level analysis (Figure 44). When individual data from one dose group were used to 
quantify the relationship between two endpoints, it is extremely difficult to correctly adjust 
the imbalance of multiple confounders across different individuals based on multivariate 
analyses due to potential nonlinear relationship and complex interactions. This challenge 
is well recognized in the field of pharmacometrics and FDA’s 2003 exposure-response 
guidance (https://www.fda.gov/media/71277/download) clearly explains these challenges 
and recommends alternative methods. 

In order to correctly assess the relationship between two endpoints based on a univariate 
analysis, the key assumption or condition is that the only difference among the data points 
is the SUVR value and all other potential confounders or covariates for CDR-SB are 
balanced across the data points. Therefore, the analysis should be conducted at the 
randomized group level (Figure 44). Even though these patients with both CDR-SB and 
SUVR observations represent a subset of the originally randomized groups, rigorous 
analyses confirmed a lack of systematic difference between these subgroups and the 
originally randomized overall groups (Section 4.2.2.4). The Figure 44 shows a clear 
positive relationship between CDR-SB change from baseline and SUVR change from 
baseline at week 78 for study 302 at the group least-square mean (LSM) level based on 
the three randomized arms with a correlation coefficient of 0.99. This strong positive 
relationship is supported by the results from study 103 with a correlation coefficient of 
0.95. The lack of the expected positive relationship in study 301 is driven by the outlier 
CDR-SB observation for the high dose group because 80% of the patients belong to the 
Pre-PV4 subgroup (see Section 4.3 for additional evidence to support Pre-PV4 subgroup 
in high dose of study 301 as an outlier subgroup). The strong group-level relationship 
between SUVR and CDR-SB is further supported by a meta-analysis combining data from 
multiple compounds (Section 3.3.1.4.2). 

 

8 - https://www.fda.gov/media/143504/download, Page 66/81
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Figure 43 Slide 20 from FDA’s presentation at the PCNS-AC meeting

Source: https://www.fda.gov/media/143504/download, Page 66/81
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Figure 44 Relationship between CDR-SB change from baseline and SUVR change 
from baseline at week 54 for study 103 or week 78 for study 301/302.
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Source: Reviewer’s independent analysis

4.5.3 Comments on multiplicity adjustment approach

The applicant submitted a Response to Appendix II of Combined FDA-Biogen PCNS-AC 
Briefing Document to explain the multiplicity adjustment approach that was prespecified 
for the analyses of primary and secondary endpoints in the statistical analysis plan. The 
following figure was provided to highlight that the test of secondary endpoints for the high 
dose is not dependent on the result of the low dose for the primary endpoint. 
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Figure 45 Applicant’s multiplicity adjustment procedure

This flowchart is consistent with the following plan that was agreed with the agency under 
special protocol assessment (SPA) for studies 301/302. 

The applicant included a section on “Considerations for multiple comparison adjustments” 
in appendix section 16.1.9 (Statistical Methods) of clinical study report for study 302. In 
this section, the statistical analysis plan was described as: “A sequential (closed) testing 
procedure will be used to control the overall Type I error rate due to multiple comparisons 
for the primary endpoint. The order of treatment comparisons is as follows: aducanumab 
high-dose versus placebo and aducanumab low-dose versus placebo. All comparisons 
after the initial comparison with p > 0.05 will not be considered statistically significant. 
Secondary endpoints have been rank prioritized, in the order shown in Section 1.2. In 
order to control for a Type I error for the secondary endpoints, a sequential closed testing 
procedure will be used and will include both the order of the secondary endpoints and 
treatment comparisons. Specifically, for each of the secondary endpoints, a sequential 
(closed) testing procedure, as for the primary endpoint, will be used to control the overall 
Type I error rate due to multiple treatment comparisons. If statistical significance is not 
achieved for 1 or 2 treatment comparisons, all endpoint(s) of a lower rank will not be 
considered statistically significant for that 1or 2 treatment comparisons, respectively. 
There will be no multiple comparison adjustments for the sensitivity and supplementary 
analyses for the primary and secondary efficacy endpoints, the tertiary efficacy endpoints, 
the subgroup analyses or the additional analyses.”
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From the very beginning, the applicant planned to apply different levels of type I error 
rates to the primary endpoint and the secondary endpoints. For the primary endpoint, a 
more strict type I error rate of 0.05 (2.5% chance of falsely concluding the drug is better 
than placebo based on the primary endpoint if the drug is not different from placebo) was 
planned while a less strict type I error rate of 0.1 (5% chance of falsely concluding the 
drug is better than placebo based on any secondary endpoint if the drug is not different 
from placebo) was planned for the secondary endpoints. After accounting for the 
correlation between MMSE and CDR-SB, the actual type I error rate for the secondary 
endpoints was updated to be 0.09 (4.5% chance of falsely concluding the drug is better 
than placebo based on any secondary endpoint if the drug is not different from placebo) 
as explained in the Response to Appendix II of Combined FDA-Biogen PCNS Drugs AC 
Briefing Document. 

Similar approach followed in other regulatory submissions previously.

Similar multiple testing procedure was correctly applied in earlier submissions: NDA 
204063 for Dimethyl Fumarate in 2013 and BLA 125499 for peginterferon beta-1a in 2014. 

Specifically, a clear interpretation of the procedure was indicated in NDA 2040639 (pdf 
page 89/111): “The endpoints were tested in the fixed order as shown in Table (shown 
below). If statistical significance was not achieved for an endpoint for a particular dose 
level, all endpoint(s) of a lower rank for that dose level were not considered statistically 
significant. For each endpoint, the TID group was compared with placebo and if 
statistically significant (p≤0.050), the BID group was compared with placebo.” 

Table 33 Table from FDA Review for NDA 204063 

9 https://www.accessdata.fda.gov/drugsatfda_docs/nda/2013/204063Orig1s000StatR.pdf
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