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1. Executive Summary 
 
The current NDA is a re-submission of NDA 202-008. The original submission received 
a Complete Response Letter (CRL) from the FDA on March 17, 2011. 
 
A major limitation of the original application was the high inter-reader variability of 
AMYViD PET scans.  The applicant, Avid, designed a reader training program that has 
resulted in more consistent image interpretation of the scans. No new clinical studies 
were conducted. 
 
There are no new clinical pharmacology studies in this re-submission. The current review 
includes review of two articles which were published since the original NDA submission. 
The first article questions the approval of any of the currently developed beta amyloid 
binding PET imaging agents (Moghbel et al., Eur J Nucl Med Mol Imaging 39, 202-208, 
2012). The second article is a companion article (Villemagne et al., Eur J. Nuc Med Mol 
Imaging, 39, 209-219, 2012) that agrees with some of the points made in the first article. 
Based on these articles, the reviewer concludes that the difficulty in reading Florbetapir F 
18 PET scans, including the high inter-reader variability, might be a result of non-
specific binding. 
 
The high inter-reader variability is especially noteworthy in that it occurred under 
somewhat idealized circumstances – the readers were experts in the field of brain PET 
image interpretation.  In contrast, radiologists/nuclear medicine physicians with less 
expertise will be reading the PET images post-marketing.  Thus, variability in image 
interpretation is likely to be even greater post-marketing than it was in the clinical trials.  
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For these reasons, utilization of standard uptake value ratio (SUVR, an automated semi-
quantitative measurement) to improve the accuracy of reads and reduce inter-reader 
variability should be investigated.  We propose a post-marketing requirement (PMR) to 
investigate SUVR. 
 
1.1 Recommendations 
 
The Office of Clinical Pharmacology, Division of Clinical Pharmacology V has reviewed 
the re-submitted NDA 202-008. The submission is acceptable from a clinical 
pharmacology perspective provided a mutual agreement is reached on labeling. 
 
1.2 Post Marketing Requirements 
 
As noted in the March 17, 2011 FDA Complete Response Letter (CRL) for the original 
New Drug Application, there is significant inter-reader variability in the interpretation of 
Florbetapir F 18 PET scans. The inter-reader variability is especially noteworthy in that it 
occurred under somewhat idealized circumstances – the readers were experts in the field 
of brain PET image interpretation.  In contrast, radiologists/nuclear medicine physicians 
with less expertise will be reading the PET images post-marketing.  Thus, variability in 
image interpretation is likely to be even greater post-marketing than it was in the clinical 
trials.  For these reasons, utilization of standard uptake value ratio (SUVR, an automated 
semi-quantitative measurement) to improve the accuracy of reads and reduce inter-reader 
variability should be investigated.  We propose the following (indented) post-marketing 
requirement (PMR) for approval. 

The applicant will conduct a trial to determine if the use of standard uptake value 
ratio (SUVR) will increase the accuracy of blinded reads of scans by community 
hospital radiologist/nuclear medicine physicians. The scans will be obtained in 
patients with clinically diagnosed Mild Cognitive Impairment (MCI) or 
Alzheimer’s Disease (AD). The trial will include a control group of age-matched 
healthy volunteers. The primary objective of the trial is to determine if SUVR will 
improve reading accuracy beyond that which occurs with a visual read alone. 

 
1.3 Summary of Clinical Pharmacology Findings 
 
There are no new clinical pharmacology studies submitted in this resubmission. 
 
During the current review cycle, the group Public Citizen filed a letter with the Agency 
that questioned the approval of any beta amyloid binding PET imaging agent, including 
AMYViD. The scientific basis for this petition was a recently published article (Moghbel 
et al., Eur J Nucl Med Mol Imaging 39, 202-208, 2012). The article includes the 
following items (paraphrased from the original, indented) that support that non-specific 
binding contributes significantly to imaging results. 

• There is a discrepancy between the distribution of beta amyloid in brain on PET 
scan with that seen with histopathological and immunohistochemical staining 
with brain autopsy tissues. Imaging studies with all PET beta amyloid agents have 
shown preferentially high radioactivity uptake in frontal lobe. In contrast, 
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autopsies of the brains of AD patients show highest concentrations in occipital 
and temporal lobes and lower concentrations in frontal lobes. 

• PET imaging with beta amyloid agents show significant uptake in white matter, 
an area known to be completely devoid of amyloid. 

 
The issue of non-specific binding was also noted in a companion article  (Villemagne et 
al., Eur J. Nuc Med Mol Imaging, 39, 209-219, 2012) with multiple authors (prominent 
researchers in beta amyloid imaging using PET agents), including the inventors of the 
prototypic beta amyloid imaging agent [11C]PIB (Drs. Chet Mathis and William Klunk). 
While the authors rebut some of the items in the Moghbel et al., they also somewhat 
agree with Moghbel et al. regarding non-specific binding.  Villemagne et al. write …”the 
level of this nonspecific white matter retention does not differ between Alzheimer disease 
(AD) patients and normal controls … .  … This non-specific retention continues to 
represent a challenge to optimizing the analysis of Aß imaging positron emission 
tomography (PET) data.”  
 
The reviewer concludes that the difficulty in reading Florbetapir F 18 PET scans, 
including the high inter-reader variability, might be a result of non-specific binding. 
 
 
2. Question-Based Review 
 
For a complete Question-Based Review (QBR) see Appendix 4.2, which is the review of 
the original (prior) NDA submission. 
 
2.1. General Attributes of Drug 
2.1.1 What pertinent regulatory background or history contributes to the current 
assessment of the clinical pharmacology of this drug? 
 
Avid Radiopharmaceuticals Inc, a fully owned subsidiary of Eli Lilly & Company, has 
re-submitted New Drug Application 202-008 for AMYViD [Florbetapir F 18  Injection] 
in response to the FDA Complete Response Letter (CRL) issued on March 17, 2011. A 
major limitation of the original NDA was the high inter-reader variability in 
interpretation of the scans.  The CRL recommended development of a training program 
as an attempt to reduce the inter-reader variability in the interpretation of the images.  
The current submission is a re-read of the original data using readers trained under the 
training program Avid developed. 
 
The inter-reader variability that resulted in the CRL is especially noteworthy in that it 
occurred under somewhat idealized circumstances – the readers were experts.  As 
radiologists/nuclear medicine physicians with less expertise will be reading post-
marketing, the reading challenges are likely to be even greater post-marketing.  For these 
reasons, the ability of improving reading by utilizing standard uptake value ratio (SUVR, 
an automated semi-quantitative measurement) to improve the accuracy of reads and 
reduce inter-reader variability should be investigated.  We propose the following 
(indented) post-marketing requirement (PMR) for approval. 
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William Klunk). The authors state that …”the level of this nonspecific white matter 
retention does not differ between Alzheimer disease (AD) patients and normal controls 
… .” … This non-specific retention continues to represent a challenge to optimizing the 
analysis of Aß imaging positron emission tomography (PET) data.”  
 
The reviewer concludes that the difficulty in reading Florbetapir F 18 PET scans, 
including the high inter-reader variability, might be a result of non-specific binding. 
 
 
2.2. General Clinical Pharmacology 
2.3. Intrinsic Factors 
2.4. Extrinsic Factors 
2.5. General Biopharmaceutics 
 
For a complete Question-Based Review (QBR) see Appendix 4.2, which is the review of 
the original (prior) NDA submission. 
 
 
3.  Detailed Labeling Recommendations 
 
The reviewer’s proposed edits to the package insert appear as “tracked changes” 
beginning on the following page. The NDA annotations that appear in the proposed 
language will, of course, be deleted from the text after the final version is negotiated with 
Avid. The graph on page 11 of the package insert is a deleted item.  It appears as an 
overlay only because it is a figure of such size that “track changes” does not relocate it to 
the right hand margin. 
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1. EXECUTIVE SUMMARY 
Florbetapir F-18 is a positron emission tomography (PET) imaging compound. The 
applicant is seeking the approval of this drug for PET imaging of β-amyloid aggregates in 
the human brain, specifically, looking for negative scan to rule out the presence of β-
amyloid. This drug is the first in the class of β-amyloid PET imaging agent. 
 
To support the approval, the applicant submitted the results of one pivotal Phase 3 study, 
and six Phase 1 and 2 studies. Clinical pharmacology studies include PK/PD, dosimetry, 
biodistribution, metabolism, dose-response and test-retest reproducibility of flobetapir F-
18 PET imaging. A drug-drug interaction potential was evaluated in vitro using tissue 
binding study. 
 
Flobetapir F-18 appeared to be distributed to cortical target regions such as precuneus, 
frontal cortex, and temporal cortex, which are known to have a high density of β-amyloid. 
Based on the distribution and wash out data, 30 to 50 minutes is recommended for 
imaging.  Florbetapir F-18 is rapidly cleared from circulation post-intravenous injection. 
The major elimination route is through hepatic metabolism. The metabolites were 
accumulated in the liver and then excreted with bile juice. For dose selection, a 
quantitative image assessment, i.e., standard uptake value ratio (SUVR) assessments, and 
visual ratings of beta-amyloid levels from the PET scans were evaluated after 
administration of 111 MBq (3mCi) and  370 MBq (10 mCi) doses.  Based on the better 
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visual image quality ratings and acceptable radiation dosimetry, a dose of 370 MBq was 
chosen as the standard dose for clinical application. The test-retest results showed that 
flobetapir scan was reproducible. The test-retest variability of a quantitative image 
assessment (SUVR) was less than 5 %.  Also there was an agreement between test and 
retest scans found on the visual read for both the qualitative (amyloid positive or amyloid 
negative) and semiquantitative (0 to 4) amyloid burden scores. 
 
Any dedicated pharmacokinetic studies in special populations were not performed. 
However, population analysis of PET scan data showed no difference in florbetapir F 18 
binding as a function of gender, race, age or presence of medications, such as namenda 
and anticholinesterases for the treatment of Alzheimer disease (AD).  
 
Overall, the NDA is acceptable from a clinical pharmacology perspective, and no further 
studies are necessary.  
 
However, the β-amyloid was found in various levels of cognitive impaired patients 
including healthy controls. Also the quantitative relationship between the amount of β-
amyloid and level of disease is not established. Furthermore, the fundamental scientific 
question is remained without clear answer, i.e., whether the presence of β-amyloid is a 
result of certain disease, or the signal of a certain disease, e.g., AD. Therefore, one 
general concern remained on the proposed qualitative binary read. If the PET diagnosis 
appeared β-amyloid positive, the expected challengeable questions are ‘How much of β-
amyloid is there?’ and ‘How to interpret the positive scan?’ In this context, an accurate, 
objective, and reproducible quantitative read of β-amyloid is desirable. 
  
  
1.1. RECOMMENDATIONS 
 
The Office of Clinical Pharmacology, Division of Clinical Pharmacology V has reviewed 
the submission NDA 202-008, and found acceptable from a clinical pharmacology 
perspective provided that satisfactory agreement is reached between the sponsor and the 
Agency regarding the language in the package insert. 
  
 
1.2. PHASE IV COMMITMENTS 
 
None 
 
 
1.3. SUMMARY OF CLINICAL PHARMACOLOGY FINDINGS 
 
Florbetapir F 18 (formerly known as 18F-AV-45 or florpiramine F 18) is a molecular 
imaging agent designed for PET imaging of β-amyloid aggregates in the human brain.  
The proposed indication is for PET imaging of β-amyloid aggregates in the human brain, 
specifically, looking for negative scan to rule out the presence of β-amyloid.  
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In support of this application, the applicant has conducted a total of seven studies, one 
pivotal Phase 3 study (Study A07), and six Phase 1 and 2 studies (Study A01 - 06). 
Among these studies, the review focused on the studies A01 – 06 from clinical 
pharmacology perspectives. For A07, the clinical pharmacology review focused on the 
correlation of SUVR with autopsy data. 
 
Clinical pharmacology findings are as following: 
 
Biodistribution and Dosimtery 
The uptake and time course of brain distribution of florbetapir F-18 was evaluated in 
Study A01, Study A03, and Study A06. In AD patients, florbetapir F 18 was selectively 
retained in cortical target regions such as the precuneus, frontal cortex, and temporal 
cortex, which are known to have a high density of β-amyloid aggregates. The washout of 
the tracer in healthy control (HC) subjects was sufficiently rapid to allow good visual and 
quantitative discrimination of HC from AD patients beginning 30 minutes after injection.  
The correlation between the 2 time points, across all subjects (analyzed in report A06), 
was nearly perfect (Pearson’s r=0.97, p<0.0001), with the 30 minute SUVR accounting 
for more than 93% of the variance in the 50 minute SUVR. 
Based on these results, an uptake period of 30 to 50 minutes is recommended for clinical 
application. 
 
The metabolism and clearance of florbetapir F 18 in humans were evaluated in Studies 
A01 and A03. Florbetapir F 18 is very rapidly cleared from circulation post-intravenous 
injection. In the principal PK/metabolism study, A03, it was determined that less than 5% 
of the injected F-18 radioactivity remains in blood by 20 minutes following 
administration. The residual activity in circulation at that time included low levels of 
parent florbetapir F 18 (1.2% of initial dose), the desmethyl derivative (AV-160 at 1% of 
initial dose), and polar metabolites (1.5% of initial dose). By 90 minutes, less than 2% of 
the injected F-18 remained in circulation and essentially all of the F-18 in circulation at 
that time was in the form of more polar metabolites of florbetapir F 18.  

 
 
Study A02 evaluated the whole body distribution and elimination by means of serial 
whole body imaging. Rapid brain penetration and washout was observed in normal 
subjects along with rapid blood clearance. Consistent with other study results suggesting 
hepatic metabolism, the whole body scans demonstrated rapid accumulation of F-18 in 
the liver, followed by biliary excretion into the GI tract. 
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Drug-Drug Interaction Potential 
Florbetapir F 18 is administered IV as a single micro-dose, the drug rapidly penetrates the 
brain and binds avidly to β-amyloid, there is little potential for pharmacokinetic drug-
drug interactions. Potential pharmacodynamic drug-drug interactions have been evaluated 
in vitro using tissue binding assays and in vitro film autoradiography. None of the 
commonly prescribed or over-the-counter drugs used by the elderly, which were 
evaluated, significantly altered florbetapir F 18 binding or autoradiographic labeling of 
brain tissue from AD patients. 
 
Effective Dose Finding 
Study A03 was conducted in part to explore the range of effective doses for florbetapir F 
18. Overall, quantitative SUVR assessments and visual interpretation of PET imaging 
results were similar for subjects given 111 MBq (3 mCi) dose and 370 MBq (10 mCi) 
dose of florbetapir F 18. However, subjective rating of image quality was better at 370 
MBq. Based on these results, a dose of 370 MBq is recommended as the standard dose 
for clinical application. 
 
Test-Retest Reproducibility 

 
The test–retest reliability of florbetapir-PET 
imaging was evaluated in Study A04. The 
florbetapir-PET scan was reproducible (See 
the Figure). The inter correlation coefficient 
(ICC) appeared 0.99.and test–retest 
variability was less than 5%. These were 
obtained from the quantitative image 
assessment (SUVR). The agreement (kappa 
> 0.85) between test and retest scans was 
found on the visual read for both the 

qualitative (amyloid positive or amyloid negative) and semiquantitative (0 to 4) amyloid 
burden scores.  
 
Special Populations 
The pharmacokinetic studies in special populations were not performed. However, 
population analysis of PET scan data revealed no difference in florbetapir F 18 binding in 
AD patients or cognitively healthy controls as a function of gender, race, age or presence 
of medications for the treatment of AD (namenda and anticholinesterases). Also, there 
were no discernable differences in blood clearance kinetics between AD patients and 
cognitively healthy control subjects studied in trial A03. 
 
Comparison of SUVR in different populations  
Study A05 (n=184; Phase II) was conducted to show the imaging profiles in three 
different populations (Alzheimer Disease (AD), healthy controls (HC) and mild cognitive 
impairment (MCI)). The primary objective was to define a negative/positive scan and 
determine the rates of Aß positivity by PET imaging as a function of age in cognitively 
normal subjects.  
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Abbreviations: AD: Alzheimer’s disease; HC: cognitively normal (healthy) controls; MCI: mild cognitive 
impairment; SUVR: standardized uptake value ratio (region/cerebellum) Note: Individual data points are displayed 
with a dot and equivalent values are offset.  The mean for each clinical diagnostic group is indicated by the circled 
plus sign, and the median is indicated by the horizontal solid line.  The dotted line represents a threshold for 
amyloid positivity of 1.10 that was determined based on the range of young healthy controls. 
 
The study found that in cognitively normal subjects, rates of Aβ positivity increased with 
age: 5.3%, 10.5%, 15.0%, and 25.0% of cognitively normal subjects aged 50 to 59, 60 to 
69, 70 to 79, and 80 years or more, respectively. This confirmed that beta amyloid 
deposits are present in cognitively normal subjects and the amount of beta amyloid 
increasing with age. Thus it would be hard to rule out the presence of beta amyloids in 
cognitively normal aged subjects. According to the sponsor, 75.6% of subjects with AD, 
38.3% of subjects with MCI, and 14.1% of cognitively normal subjects were rated as 
Aβ+. Subjects with clinically diagnosed probable AD were rated as negative for amyloid 
by qualitative rating of the 18F-AV-45 PET scan in 24.4% of cases. 
 
The results of Study A05 show that about 20% of cognitively normal subjects would give 
a positive image (SUVR>1.1) on Amyvid-PET image on a visual binary read (+/-ve 
image). The results show that there is no correlation between a positive beta amyloid scan 
and cognitive function. 
 
Correlation of SUVR with Autopsy data  
One Phase III pivotal trial (Study A07) was conducted to establish correlation between 
florbetapir PET scan and beta amyloid pathology (autopsy cohort). The second objective 
of Phase III trial was to test the specificity of Florbetapir-PET scan for identifying 
absence of beta amyloid. The primary endpoint in autopsy cohort was to establish a 
correlation between the semi-quantitative visual rating (0-4) of PET scan and cortical 
gray matter amyloid burden at autopsy by quantitative Immunohistochemistry (IHC). The 
applicant has demonstrated some correlation between Florbetapir-PET images and IHC 
(See Figure).   
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The applicant has also shown a high specificity (90-95%) in true beta amyloid negative 
healthy volunteers (ages 18-40). This result was expected as young healthy volunteers 
(18-40) do not have beta amyloid (See Figure; YHC is the young healthy control age 18-
40 years old) 
 

 
 
The applicant has not demonstrated that a true negative florbetapir-PET scan may be 
clinically useful in ruling out the presence of beta amyloid in the target population where 
the test is indicated (60 years old and above) in a blinded study. 
  
The correlation between the (SUVR) assessment of florbetapir-PET images and the 
measurements of amyloid burden (IHC) revealed a strong significant Spearman’s ρ of 
0.75 (95% CI: 0.53 to 0.88, p<0.0001). Also the correlation between the semi-automated 
computerized quantitative SUVR assessment of florbetapir-PET images and the blinded 
visual read of the florbetapir-PET images revealed a strong significant Spearman’s ρ of 
0.85 and 95% CI: 0.72 to 0.92, p<0.0001; See Figure).  
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These findings suggest that the semi-automated, computerized quantitative SUVR 
assessment seems to be an appropriate tool for the PET image interpretation. 
 
Conclusion 
Based on the clinical pharmacology finding, the additional clinical pharmacology study is 
not needed, and overall the submission is acceptable.   
 
However, the β-amyloid was found in various levels of cognitive impaired patients 
including healthy controls. Also the quantitative relationship between the amount of β-
amyloid and level of disease is not established. Furthermore, the fundamental scientific 
question is remained without clear answer, i.e., whether the presence of β-amyloid is a 
result of certain disease, or the signal of a certain disease, e.g., AD. Therefore, one 
general concern remained on the proposed qualitative binary read. If the PET diagnosis 
appeared β-amyloid positive, the expected challengeable questions are ‘How much of β-
amyloid is there?’ and ‘How to interpret the positive scan?’ In this context, an accurate, 
objective, and reproducible quantitative read of β-amyloid is desirable. 
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2.  Question-Based Review: 
 
2.1 General attributes 
In clinical development, florbetapir-PET has been evaluated in two completed Phase I 
(A01, A02), three completed Phase II (A03, A04, A05), and one completed Phase III 
(A07) registration-oriented clinical trials. In addition, in study A06, an independent 
blinded read analysis of images acquired from subjects in studies A01 and A03 was 
conducted to further evaluate acceptable imaging times for florbetapir-PET post-dosing.  
 
2.1.1 What are the highlights of the chemistry and physical-chemical properties of 
the drug substance and the formulation of the drug product as they relate to clinical 
pharmacology and biopharmaceutics review? 
 
Florbetapir F 18 Injection is provided as a sterile solution for intravenous injection. The 
unit dose provided by the radiopharmacy is 370 MBq at time of calibration (time of 
patient injection). The formula described in Table 1 is for a unit dose of 370 MBq and a 
unit dose volume of 10 mL (maximum unit dose injection volume). For smaller unit dose 
volumes (less than 10 mL), the ratios of sodium ascorbate, dehydrated alcohol, and 0.9% 
Sodium Chloride Injection are maintained. The amount of each component shown in 
Table 1 is the maximum human dose. 
 
Amyvid (Florbetapir F 18 Injection) is a diagnostic radiopharmaceutical indicated for 
Positron Emission Tomography (PET) imaging of β-amyloid aggregates in the brain. A 
negative florbetapir-PET scan is clinically useful in ruling out the presence of β-amyloid, 
a defining pathology of Alzheimer’s disease (AD). 
 

 
Figure 1. Chemical Structure of Amyvid 
 
Florbetapir F-18 is a diagnostic radiopharmaceutical drug with a radioactive half life of 
109.77 minutes.  
  
The drug formulation and the roles of different ingredients are shown in Table I. 
 
Table I. Florbetapir Composition 
 
Component Quality Standard Maximum Human 

Dose 
Function 

Florbetapir F-18  370 MBq Drug Substance 
Sodium Ascorbate USP 45 mg 
Dehydrated Alcohol USP 1 mL 
0.9% Sodium 
Chloride Injection 

USP 9 mL 
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2.2 GENERAL CLINICAL PHARMACOLOGY 
 
2.2.1 What are the design features of the clinical pharmacology and clinical studies 
used to support dosing or claims? 
 
To support the approval, the applicant submitted the results of one pivotal Phase 3 study, 
and six Phase 1 and 2 studies. Clinical pharmacology studies include PK/PD, dosimetry, 
biodistribution, metabolism, dose-response and test-retest reproducibility of flobetapir F-
18 PET imaging. A drug-drug interaction potential was evaluated in vitro using tissue 
binding study. 
 
 
2.2.2 What is the basis for selecting the response endpoints and how are they 
measured in clinical pharmacology and clinical studies? Is the dose optimal? 
 
A dose finding study (Study A03) was performed in 20 subjects (9 AD, 11 HV) with two 
different radioactivity doses (3 mCi and 10 mCi) to determine the amount of radioactivity 
needed to visualize brain uptake. 10 mCi dose provided a slightly better imaging results 
as compared to 3 mCi. Images were evaluated qualitatively: Images were visually 
examined and by semiquantitative SUVR method by a nuclear medicine specialist who 
was blinded to the dose in order to determine whether the 3 and 10 mCi dose levels 
yielded acceptable image quality for reasonable subjective differentiation between AD 
and healthy subjects as well as to judge the overall image quality at each dose level. 
 
The visual assessments of the PET imaging quality for the 370 MBq (10 mCi) dose were 
slightly better than the 111 MBq (3 mCi) dose group. While all images were rated as 
“evaluable”, visual assessments of the quality of the PET images revealed that 7 of 9 
(80%) subjects in the 111 MBq group and 11 of 11 (100%) subjects in the 370 MBq 
group had quality ratings of ≥ 3 on a 5-point scale, where a score of 5 = excellent and 1 = 
poor. The visual differences in image quality; however, did not appear to affect the ability 
of the reader to identify high and low amyloid burden at the two dose levels: regional 
assessments of the frontal cortex, temporal cortex and precuneus revealed an assessment 
of high amyloid levels in 60% to 100% and 50% to 100% of AD subjects in the 111 MBq 
and 370 MBq dose groups, respectively, while an assessment of low to none was 
observed for 75% to 100% and 71% to 100% of control subjects in the 111 MBq and 370 
MBq dose groups, respectively. Since the total absorbed ration dose is relatively low 7 
mSv per administration for a 10 mCi dose, a dose of 10 mCi is safe and effective to 
visualize cortical regions of the brain. 
  
2.2.3 Are the active moieties in the plasma (or other biological fluid) appropriately 
identified and measured to assess pharmacokinetic parameters and exposure 
response relationships? 
 
After intravenous administration of 18F-AV-45, the total radioactivity in plasma was 
reduced by 80% within 10 min and by ~90% within 20 min post-injection. The total 
radioactivity in plasma consisted of contributions from un-metabolized parent (18F -AV-
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45) and its three metabolites; 18F -AV-160 (desmethyl 18F -AV-45), 18F -AV-267 (N-
acetyl 18F -AV-160) and 18F -Polar. At 20 minutes post-injection these metabolites 
comprised 19%, 1% and 19%, respectively, of the circulating F-18, and the parent 
comprised the remaining 61% of the blood F-18 radioactivity. The metabolites have 
shown lower uptake in the brain and lower affinity for binding to beta amyloid thus, it is 
concluded that there will be minimal interference from the metabolites to the PET image 
from 18F-AV-45 in the brain. The excretion of radioactivity through urine accounted for 
17% of the total injected activity at 200 min post-injection. The dominant species in urine 
was found to be 18F-Polar species (~95%) with less than 5% of parent and other 
metabolites. 
 
2.2.4 Exposure-response 
2.2.4.1 What are the characteristics of the exposure-response relationships (dose 
response, concentration-response) for efficacy? 
 
In a Phase I study the sponsor studied whether uptake and distribution of 18F-AV-45 in 
the brain differs between subjects with Alzheimer’s disease (AD) and control. PET 
imaging was performed, the scans were processed to provide standard uptake value 
(SUV) for the following six target cortical regions (where beta amyloid plaques are 
found): frontal cortex, temporal cortex, precuneus, anterior cingulate, posterior cingulate, 
parietal cortex, and cortical average (calculated as the average of 6 regions), as well as 
several other brain regions including the centrum semiovale and cerebellum, which were 
designated as reference (background) regions. In addition, SUVRs (SUV ratios relative to 
cerebellum or centrum semiovale) were determined for the 6 regions.  
 
Within 50 minutes of infusion of 18F-AV-45, subjects with AD showed accumulation of 
18F-AV-45 in the frontal cortex, temporal cortex and precuneus areas (areas expected to 
be high in amyloid deposition), whereas healthy control subjects showed lower 
accumulation of tracer in these regions. At 50 minute post-injection, 18F-AV-45 had 
largely been cleared from the cerebellum (an area known to be free of amyloid plaques) 
in both AD subjects and control subjects. These differences were consistently evident in 
the ratio of standard uptake values (SUVR) in the target areas of the cortex relative to the 
cerebellum. 
 
Thus, the cortical average SUVR 50-60 minutes post administration of 18F-AV-45 was 
1.665 ± 0.175 for subjects with AD vs. 1.246 ± 0.177 for cognitively healthy controls. 
The time-activity (SUV) curves for cortical region and cerebellum for AD patients are 
given in Figure 3 and for healthy volunteers in Figure 4. 
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Figure 3. Mean Time Activity Curve from 0-90 min of SUV for precuneus and cortical 
average vs cerebellum with AD subjects 
 

 
 
Figure 4. Mean Time Activity Curve from 0-90 min of SUV for precuneus and cortical 
average vs cerebellum with control subjects 
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2.2.4.2 What are the characteristics of the exposure-response relationships (dose 
response, concentration-response) for safety? 
Radiation exposure 
 Whole body PET imaging and biodistribution data from trial 18F-AV-45-A02 were 
analyzed to provide organ time-integrals of F-18 radioactivity.  These data were entered 
into OLINDA/EXM software to derive organ-specific and whole body effective radiation 
dosimetry results shown in Table III. 
Table III.  Estimated Human Radiation Dose, Amyvid (Florbetapir F 18 Injection)  

 mSv/MBq rem/mCi 
Organ Average SD Average SD 
Adrenals 0.014 0.001 0.050 0.005 
Brain 0.010 0.002 0.037 0.007 
Breasts 0.006 0.001 0.023 0.003 
Gallbladder Wall 0.143 0.080 0.529 0.297 
Lower Large Intestine 
Wall 0.028 0.010 0.103 0.038 
Small Intestine 0.066 0.030 0.242 0.110 
Stomach Wall 0.012 0.001 0.043 0.003 
Upper Large Intestine 
Wall 0.074 0.034 0.276 0.126 
Heart Wall 0.013 0.002 0.048 0.006 
Kidneys 0.014 0.001 0.048 0.004 
Liver 0.064 0.022 0.238 0.082 
Lungs 0.009 0.001 0.032 0.003 
Muscle 0.009 0.004 0.032 0.003 
Ovaries 0.018 0.004 0.065 0.016 
Pancreas 0.014 0.001 0.053 0.005 
Red Marrow 0.014 0.002 0.053 0.006 
Osteogenic Cells 0.028 0.004 0.102 0.014 
Skin 0.006 0.001 0.022 0.003 
Spleen 0.009 0.001 0.033 0.004 
Testes 0.007 0.001 0.025 0.005 
Thymus 0.007 0.001 0.027 0.005 
Thyroid 0.007 0.001 0.025 0.005 
Urinary Bladder Wall 0.027 0.012 0.100 0.043 
Uterus 0.016 0.003 0.058 0.012 
Total Body 0.012 0.001 0.043 0.004 
Effective Dose  0.019 0.004 0.069 0.016 
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The organs with the highest radiation exposure are the gallbladder wall, small 
intestines, upper large intestine wall, and liver.  The human effective dose is 
approximately 0.019 mSv/MBq or 7 mSv (0.7 rem) for a 370 MBq (10 mCi) 
dose. 

 
 
2.2.4.3 Does this drug prolong the QT or QTc interval? 
The subjects were monitored by EKG after i.v. administration of florbetapir. No 
consistent and clinically significant changes in vital signs or ECG were observed at any 
point during the study. There was an increase of 6.0 (± 9.79) mmHg in systolic blood 
pressure in the control group from baseline to the 90 minutes time point, but there was no 
significant increase in this group at either 0 minutes post dose or at the end of study 
assessment, and there were no significant changes in systolic blood pressure in the AD 
group at any time point. No subjects experienced increases of more than 60 msec from 
baseline in QTc as calculated by either the Bazett or the Fridericia formulae at any time 
point during the study. No QTc values exceeded 500 msec at any time point during the 
study. The mean increase from baseline did not exceed 10 msec at any time point. No 
statistically or clinically significant changes in QTc were noted at the time of peak 
plasma concentration (immediately after injection) or at study end. However, a small, but 
statistically significant increase in QTc (4.2 msec by Bazett and 5.8 msec by Fridericia 
formulae), was noted 90 minutes post-administration. 
 
2.2.4.4 Is the dose and imaging time window selected by the sponsor consistent with 
the known relationship between dose-concentration-response, and are there any 
unresolved dosing or administration issues? 
 
To test whether a qualitative read of a Florbetapir-PET scan collected at 30-40 minutes 
post-injection (the 30 minute image) provides equivalent results to the qualitative read of 
a scan collected at 50-60 minutes post-injection (the 50 minute image), the sponsor 
conducted a clinical study. The objectives of the study were to: 
 
To compare the results a semi-quantitative read of the 30 minute image to a semi-
quantitative read of the 50 minute image. • To measure and summarize inter-reader 
reliability for qualitative and semi-quantitative assessments of the 30 minute image and 
the 50 minute image. • To measure and summarize SUVRs obtained from images at 30 
minutes and 50 minutes. 
 
Three (3) independent readers (i.e. not involved in subject enrollment) who were blinded 
to subject identification, subject diagnosis, subject demographics and PET scan time 
points post-injection, randomly and independently read florbetapir-PET scans and scored 
the images per the Independent Review Charter.  The readers completing the qualitative 
and semi-quantitative evaluations for this analysis had participated as readers on prior 
Avid Radiopharmaceutical  studies.  The readers received training for this evaluation, 
which included a comprehensive review of florbetapir-PET images from previous studies 
along with an Avid Radiopharmaceutical reader manual to aid and serve as a reference 
for the reader during live reading sessions.    
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On imaging day, subjects were administered with either 3mCi (5 AD and 4 HV in study 
A03) or 10mCi of florbetapir F 18 (3 AD and 7 HV from study A03 and 10 AD and 12 
HV in Study A01) after which brain PET imaging commenced continuously for up to 90 
minutes. 
 
Brain PET scans are categorized as either Aß+ or Aß- by visual reads and evaluations of 
three readers who were blinded to subject identification, subject diagnosis, subject 
demographics and PET scan time points post-injection.  Qualitative scores are 
summarized by the majority score of the 3 readers.  The majority score is used for 
analysis purposes.  The agreement between the two time points was reported and 
summarized using agreement statistics.  Using the 50 minute post-injection majority 
score of the 3 readers as the reference, the hypothesis tested was that the 30 minute 
majority score of the 3 readers will have an observed agreement with the reference of  
at least 0.85.  Agreement between the two time points was computed using a kappa 
statistic.    
 
Brain PET scans were scored using a 5-point scale between 0 and 4 based on observed 
severity of amyloid presence by visual reads and evaluations of three readers who were 
blinded to subject identification, subject diagnosis, subject demographics and PET scan 
time points post-injection.  Semi-quantitative scores were summarized by the median 
score of the 3 readers.  The median score was used for analysis purposes.  Statistics were 
presented for the overall population and by diagnostic subgroup.  The semi-quantitative 
assessments are summarized using counts and agreement between the 30 minute post-
injection score and the 50 minute post-injection score.    Equivalence between the two 
time points was examined using a quadratic weighted kappa statistic.  In addition, the 
correlation between 30 minute post-injection scores and 50 minute post-injection scores 
were calculated and a scatter plot is provided (Figure 5).   

 
 
Figure 5. PET imaging time window correlation for 30 min and 60 min SUVR 
 
A sample amyvid PET image and scoring system in shown is Figure 6. 
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Figure 6. Sample PET Images with Reader Scores 
 
Has the sponsor demonstrated the reproducibility of the results in AD patients and 
in healthy volunteers? Or Has the sponsor demonstrated the agreement between 
test/retest of the PET imaging with Amyvid? 
 
A clinical study (A04) was conducted at 4 study centers. The objective of the study was 
to evaluate test-retest reproducibility of 18F-AV-45 for brain imaging of amyloid in 
healthy volunteers and subjects with Alzheimer’s disease (AD). A total of 25 subjects 
were enrolled: 21 subjects (11 subjects with AD and 10 healthy volunteers) were enrolled 
in the primary test-retest phase of the study. Each subject was imaged on 2 separate days 
not more than 4 weeks apart. 
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Both the SUVs and SUVRs were highly reproducible between test and retest image 
results for AD and control subjects whether comparing the 10-minute (50 to 60 minutes 
post-injection) or 20-minute (50 to 70 minutes post-injection) scans.  SUVRs for the 
cortical average relative to cerebellum of test vs. retest 20-minute scans were 1.42 ± 0.25 
vs. 1.41 ± 0.27 for AD subjects and 1.00 ± 0.06 vs. 1.01 ± 0.06 for control subjects.  The 
same reproducible trend was observed when the centrum semiovale was used as the 
reference instead of the cerebellum. 
 
The intrasubject test/retest variability was assessed using the SUVR (relative to 
cerebellum and relative to centrum semiovale) from the retest imaging scan result relative 
to the test imaging scan result.  The intrasubject test/retest variability for the 10- and 20-
minute scans for SUVRs of target cortical region relative to cerebellum are summarized 
in Table IV.  Intrasubject test-retest variability for cortical average SUVR (cerebellum) 
over the 50 to 70-minute time period was 2.4% for AD subjects and 1.5% for controls. 
Across cortical target regions, intrasubject variability ranged from 2.3% to 3.3% in AD 
subjects and from 1.4% to 2.9% in controls.   
 
Table IV.  Test-Retest Variability of Amyvid in AD Patients and Healthy Controls 
 

 
 
 
 
2.2.5 Pharmacokinetic characteristics of the drug and its major metabolites 
 
2.2.5.1 What are the single dose and multiple dose PK parameters? 
The metabolism and clearance of florbetapir F 18 in humans were evaluated in Studies 
A01 and A03. Florbetapir F 18 is very rapidly cleared (Figure 7) from circulation post-
intravenous injection. In the principal PK/metabolism study, A03, it was determined that 
less than 5% of the injected F-18 radioactivity remains in blood by 20 minutes following 
administration. The residual activity in circulation at that time included low levels of 
parent florbetapir F 18 (1.2% of initial dose), the desmethyl derivative (AV-160 at 1% of 
initial dose), and polar metabolites (1.5% of initial dose). By 90 minutes, less than 2% of 
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the injected F-18 remained in circulation and essentially all of the F-18 in circulation at 
that time was in the form of more polar metabolites of florbetapir F 18.  
 
Figure 7. Clearance of Florbetapir F-18 and metabolite from whole blood 

 
 
Study A02 evaluated the whole body distribution and elimination by means of serial 
whole body imaging. Rapid brain penetration and washout was observed in normal 
subjects along with rapid blood clearance. Consistent with other study results suggesting 
hepatic metabolism, the whole body scans demonstrated rapid accumulation of F-18 in 
the liver, followed by biliary excretion into the GI tract. 
 

18F-AV-45 undergoes significant metabolism after intravenous injection (Figure 8). Total 
radioactivity in plasma was reduced by 80% within 10 min and by ~90% within 20 min 
post-injection. The total radioactivity in plasma consisted of contributions from un-
metabolized parent (18F -AV-45) and its three metabolites; 18F -AV-160 (desmethyl 18F -
AV-45), 18F -AV-267 (N-acetyl 18F -AV-160) and 18F –Polar (Figure 9). At 20 minutes 
post-injection these metabolites comprised 19%, 1% and 19%, respectively, of the 
circulating F-18, and the parent comprised the remaining 61% of the blood F-18 
radioactivity. The metabolites have shown lower uptake in the brain and lower affinity 
for binding to beta amyloid thus, it is concluded that there will be minimal interference 
from the metabolites to the PET image from 18F-AV-45 in the brain. The excretion of 
radioactivity through urine accounted for 17% of the total injected activity at 200 min 
post-injection. The dominant species in urine was found to be 18F-Polar species (~95%) 
with less than 5% of parent and other metabolites. 
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Figure 8. Metabolic Pathway for Florbetapir 
 
 
 

 
 
Figure 9. Clearance of radioactivity from plasma over time (n=2). The component of total 
radioactivity and the rate of metabolism of 18F-AV-45 and rates of formation of various 
metabolites 
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Figure 10. High-pressure liquid chromatographic separation profile with radiometric 
detection of plasma sample 20 min after an injection of 18F-AV-45.  The peak marked 
with an asterisk is an impurity present in the dose of 18F-AV-45. 18F-polar species 
represent ~19%, 18F-AV-160 represents ~19%, the N-acetyl metabolite 18F-AV-267 
represents 1% and parent 18F-AV-45 represents ~61% of the blood radioactivity at this 
time point. 
 
The radiometric HPLC analysis of the metabolite in urine sample is given in Figure 10 
and Figure 11. The HPLC trace shows F-18 labeled polar component as the major 
metabolite. 
 

 
 
Figure 11. Left:  Clearance of radioactivity through urine over time (right).  Right:  High-
pressure liquid chromatographic separation profile with radiometric detection of urine 
sample 75 min after an injection of 18F-AV-45.  The peak marked with an asterisk is an 
impurity present in the dose of 18F-AV-45. 
 
  
 
2.2.5.2 How does the PK of the drug and its major active metabolites in healthy 
volunteers compare to that in patients? 
See 2.2.5.1. 
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2.2.5.3 What are the characteristics of drug absorption? 
Not applicable as flobetapir is to be used as single intravenous injection. 
 
 
2.2.5.4 What are the characteristics of drug distribution? 
See 2.2.5.1. 
 
2.2.5.5 Does the mass balance study suggest renal or hepatic as the major route of 
elimination? 
See 2.2.5.1. 
Study A02 evaluated the whole body distribution and elimination by means of serial 
whole body imaging. Rapid brain penetration and washout was observed in normal 
subjects along with rapid blood clearance. Consistent with other study results suggesting 
hepatic metabolism, the whole body scans demonstrated rapid accumulation of F-18 in 
the liver, followed by biliary excretion into the GI tract. 
 
2.2.5.6 What are the characteristics of drug metabolism? 
See 2.2.5.1. 
  
 
2.2.5.7 What are the characteristics of drug excretion? 
See 2.2.5.1. 
 
 
2.2.5.8 Based on PK parameters, what is the degree of linearity or non-linearity 
based in the dose-concentration relationship? 
Not assessed. 
 
 
2.2.5.9 How do the PK parameters change with time following chronic dosing? 
Not applicable as flobetapir is to be used as single use. 
 
2.2.5.10 What is the inter- and intra-subject variability of PK parameters in 
volunteers and patients, and what are the major causes of variability? 
NA 
 
 
2.3 INTRINSIC FACTORS 
 
2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic 
polymorphism, pregnancy, and organ dysfunction) influence exposure (PK usually) 
and/or response, and what is the impact of any differences in exposure on efficacy or 
safety responses?  
The pharmacokinetic studies in special populations were not performed. However, 
population analysis of PET scan data revealed no difference in florbetapir F 18 binding in 
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AD patients or cognitively healthy controls as a function of gender, race, age or presence 
of medications for the treatment of AD (namenda and anticholinesterases). Also, there 
were no discernable differences in blood clearance kinetics between AD patients and 
cognitively healthy control subjects studied in trial A03. 
  
 
2.3.2 Based upon what is known about exposure-response relationships and their 
variability and the groups studied, healthy volunteers vs. patients vs. specific 
populations, what dosage regimen adjustments, if any, are recommended for each of 
these groups? If dosage regimen adjustments are not based upon exposure-response 
relationships, describe the alternative basis for the recommendation. 
 
2.3.2.1 Pediatric patients 
Amyvid PET imaging is not to be performed in pediatric subjects. A pediatric waiver has 
been granted. 
 
2.3.2.2 Renal impairment 
NA 
 
2.3.2.3 Hepatic impairment 
There are no adequate and well-controlled studies in patients with hepatic impairment 
using flobetapir. 
 
2.3.2.4 What pregnancy and lactation use information is there in the application? 
There are no adequate and well-controlled studies in pregnant women using flobetapir 
and no data on the use of flobetapir in nursing mothers. 
 
2.4 Extrinsic Factors 
 
2.4.1. What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) 
influence dose-exposure and/or response and what is the impact of any differences 
in exposure on response? 
The pharmacokinetic studies in special populations were not performed. However, 
population analysis of PET scan data revealed no difference in florbetapir F 18 binding in 
AD patients or cognitively healthy controls as a function of gender, race, age or presence 
of medications for the treatment of AD (namenda and anticholinesterases). Also, there 
were no discernable differences in blood clearance kinetics between AD patients and 
cognitively healthy control subjects studied in trial A03. 
 
 
 
2.4.2 Drug-drug interactions 
 
2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions? 
Four medications are currently approved by the U.S. Food and Drug Administration 
(FDA) and the European Medicines Agency (EMEA) to treat the cognitive 
manifestations of AD: three are acetylcholinesterase inhibitors and memantine, an 
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NMDA receptor antagonist. Given the ubiquitous drug use in the elderly and AD 
population, the possibility of drug drug 
interactions at the 18F-AV-45 binding site needs to be evaluated. To determine the 
possible effects of commonly used drugs and drug candidates on 18F-AV-45 binding to 
β-amyloid, an in vitro tissue binding assay and in vitro film autoradiography were 
performed by the sponsor. 
 
A total of 23 drugs were studied to determine the effects on binding of 18F-AV-45. The 
study showed that none of the drugs interfered with 18F-AV-45 binding to β-amyloid at 
therapeutically meaningful concentrations. The drugs tested included the following 
approved drugs: NSAIDs ibuprofen, naproxen, and celecoxib; the acetylcholinesterase 
inhibitors tacrine, physostigmine, galantamine and donepezil; the cholesterol-lowering 
drug simvastatin; the anti-diabetic drug troglitazone; the anti-psychotic drug haloperidol; 
the anxiolytic diazepam; and the antidepressants citalopram, fluoxetine, paroxetine, and 
nisoxetine. In addition, one anti-Aβ-antibody currently in clinical studies and four γ-
secretase inhibitors (L-685458, S1288, Compound W, and DAPT) were tested. The 
findings did not identify any risk for drug-drug interactions at the 18F-AV-45 binding 
site. 
 
2.4.2.2 Is the drug a substrate of CYP enzymes? Is metabolism influenced by 
genetics? 
NA 
 
2.4.2.3 Is the drug an inhibitor and/or an inducer of CYP enzymes? 
NA 
 
2.4.2.4 Is the drug a substrate and/or an inhibitor of P-glycoprotein transport 
processes? 
NA 
 
2.4.2.5 Are there other metabolic/transporter pathways that may be important? 
NA 
 
2.4.2.6 Does the label specify co-administration of another drug and, if so, has the 
interaction potential between these drugs been evaluated? 
NA 
 
2.4.2.7 Are there any in vivo drug-drug interaction studies that indicate the 
exposure alone and/or exposure-response relationships are different when drugs are 
coadministered? 
No formal drug-drug interaction studies were conducted with flobetapir. 
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2.5 GENERAL BIOPHARMACEUTICS 
 
2.5.1 Based on BCS principles, in what class is this drug and formulation? What 
solubility, permeability and dissolution data support this classification? 
Not applicable as the formulation is for IV administration. 
 
 
2.5.2 What is the composition of the to-be-marketed formulation? 
The drug formulation and the roles of different ingredients are shown in Table I. 
 
Table I. Florbetapir Composition 
 
Component Quality Standard Maximum Human 

Dose 
Function 

Florbetapir F-18  370 MBq Drug Substance 
Sodium Ascorbate USP 45 mg 
Dehydrated Alcohol USP 1 mL 
0.9% Sodium 
Chloride Injection 

USP 9 mL 

 
 
2.5.3 What moieties should be assessed in bioequivalence studies? 
Not applicable. 
 
2.5.4 What is the effect of food on the bioavailability (BA) of the drug from the 
dosage form? What dosing recommendation should be made, if any, regarding 
administration of the product in relation to meals or meal types? 
Not applicable. 
 
 
2.5.5 Has the applicant developed an appropriate dissolution method and 
specification that will assure in vivo performance and quality of the product? 
Not applicable. 
 
 
2.6 ANALYTICAL SECTION 
 
2.6.1 Were relevant metabolite concentrations measured in the clinical 
pharmacology and biopharmaceutics studies? 
Yes. 
 
2.6.2 Were the analytical procedures used to determine drug concentrations in this 
NDA acceptable? 
Yes. 
Clearance of 18F-AV-45 from plasma was determined by collecting 1 mL of whole blood 
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at various time-points following injection of 10 mCi of 18F-AV-45; plasma was 
separated from other blood components by centrifugation for 10 min at 5000 rpm on a 
Beckman centrifuge. The plasma fraction from each time-point was eluted through a 
plasma separator tube. A 0.2 mL portion of the plasma fraction was counted in a gamma 
counter for total activity and plotted versus time after correction for decay between 
collection and counting of samples. Similarly, a 0.2 mL portion of urine sample was 
counted in a gamma counter for total activity and plotted versus time after correction for 
decay between collection and counting of samples. 
 
For metabolism, the plasma separated from other blood components was mixed with 6 g 
of urea to dissociate protein bound compounds. The entire mixture was injected onto a 
high-pressure liquid chromatography system. The HPLC system consisted of an isocratic 
pump with a dual column switch connected to an Eclipse XDB-C18 reversed-phase 
column and to a size exclusion column. Protein and other extraneous components were 
separated by a dual column switch system. Briefly, after loading the plasma sample on to 
the HPLC loop, the sample was transferred to a size-exclusion column and washed with 
10% acetonitrile-water solvent for 4 min. After this time, the materials retained on the 
size-exclusion column were transferred to the C18 reversed-phase column and eluted 
with a solvent containing 55% acetonitrile and 45% 20 mM ammonium acetate in water. 
The flow rate was 1 mL/min for 10 min followed by 2 mL/min. All of the radiometric 
species were detected using a Bioscan radiometric in-flow detector. The radiometric 
chromatogram was integrated for area under the peaks (with a correction factor for the 
flow rate) to a total area of 100%. All the peaks present in 18F-AV-45 for Injection 
(reference) were not integrated in the chromatograms from plasma samples. Each of the 
peaks in the chromatogram was identified by using reference compounds eluted under 
identical HPLC conditions. 
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3. DETAILED LABELING RECOMMENDATIONS 
On relevant clinical pharmacology sections are included. 
The sponsor’s proposal FDA recommendations 
Black  Strike through for deletion. 

Italic and Underlined for addition 
Comment: Bold  

 
Tabel of content: 12.4 is designated number for pharmacogenomics. The dosimetry data 
should be move to under the section of dosage and administration. 
 

7. DRUG INTERACTIONS 

 
 
12. CLINICAL AND NONCLINICAL PHARMACOLOGY 

 
12.1.  Mechanism of Action 
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5 Page(s) of Draft Labeling has been Withheld 
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4 APPENDICES 
4.1. Proposed Package Insert (Original and Annotated) 
Not attached 
 
4.2. Individual study reviews 
4.2.1 Study A01 
4.2.2 Study A02 
4.2.3 Study A03 
4.2.4 Study A04 
4.2.5 Study A05 
4.2.6 Study A06 
4.2.7 Study A07 
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REVIEWER’S COMMENTS: 
 
This Study (A01) failed to accurately calculate SUVRs (with respect to cerebellum). 
According to this Study, the PET images for 12 out of 15 healthy controls (cognitively 
normal) would be read as beta amyloid positive. This question was addressed to the 
sponsor on an information request sent on November 28, 2010. The sponsor 
acknowledged that they had inaccurately calculated SUVRs as they had included only 
part of cerebellum radioactivity rather than including whole cerebellum. According to 
the sponsor’s new method 3 out 15 cognitively normal subjects gave beta amyloid 
positive images. 
 
According to the results of this study (as calculated and reported by the sponsor in Study 
A01), most of the healthy controls would give a +ve image on PET scan. A positive image 
as defined by the sponsor is where SUVR >1.1. Thus according to the results of Study 
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A01, 12 out of 15 cognitively normal subjects will yield a beta amyloid positive PET 
scan. This raised serious concerns regarding the clinical utility (to distinguish beta 
amyloid positive patients and beta amyloid negative subjects) of florbetapir-PET 
imaging. 
 

 
Box diagram of SUVR vs precuneus/cortical averages in patients with AD and HC (Study 
A01) 
 
An information request letter was sent to the sponsor from clinical pharmacology team. 
The information request (in bold) and sponsor’s response is given below: 
 
“The indication sought by Avid is, "A negative florbetapir-PET scan is useful in ruling 
out the presence of pathologically significant levels of beta amyloid in the brain." 
Therefore it becomes important that florbetapir-PET give “accurate true negative" 
scans for healthy volunteers. In Study A07, the pivotal trial, one of the clinical 
endpoint was to demonstrate the specificity of florbetapir. The population used for this 
trial was ages 18-40 years of age. The mean age was 26 years. The Study confirmed 
that 26 year old healthy volunteers do not have beta amyloid. The Company, however, 
has not demonstrated that florbetapir PET image can "effectively/accurately rule out 
beta amyloid" in healthy volunteers >50 years of age, the population where drug is 
indicated to be used. 
 
On the other hand, the data from Study A01 and A05 employed healthy volunteers with 
the age over 50 years. These studies show high numbers of "false positive" for healthy 
volunteers >50 years of age (MMSE >29) based on SUVR >1.1 as beta amyloid positive 
image using a visual binary read as proposed by Company. In Study A01, it appeared 
that 80 % of the healthy volunteers (i.e., 12 out of 15 healthy volunteers) have 
substantial levels of Beta-amyloids howed by PET image (Please refer to Figures 
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14.4.1.7 and Figure 14.5.1.5 for Study A01). Similarly, in Study A05, it appears that 
22.8 % (i.e., 18 out of 79 healthy volunteers) of PET reads (based on visual binary 
reads) would be assessed as "positive”. 
 
The % of false positive read for Study A05 appears much better than Study A01. 
Please explain how nuclear medicine physician would accurately identify healthy 
volunteers based on florbetapir-PET scan with the high number of false positive image 
in healthy volunteers (i.e., 22.8 – 80 %). 
 
Sponsor’s Response: “Thank you for allowing us to clarify this issue. We do not consider 
the positive scans in cognitively normal elderly volunteers to be “false positives”. Rather, 
the positive scans most likely represent cases of beta-amyloid pathology in individuals 
who are still functioning in the cognitively normal range. It is well documented in the 
Alzheimer’s literature that substantial levels of beta-amyloid exist in ~20-30% of elderly 
subjects identified as cognitively normal, as detected by autopsy studies or by imaging 
studies (e.g., Price and Morris, 1999; also see ISE section 2.7.3.3.2.1.3.1, references 31-
36). A large study using C11-PIB PET imaging of 242 cognitively normal subjects found 
a very similar percent of subjects with positive scans in the > 50 yr old healthy subjects 
and that the frequency of positive scans increases with age (Morris et al., 2010). Given 
the similarity of our data with the pathological results (and with other amyloid PET 
imaging data) we do not believe the positive florbetapir-PET scans in Study A05 are false 
positive scans, but rather represent asymptomatic brain amyloidosis, now thought by 
many to represent a preclinical state of AD (e.g. see the NIA/Alzheimer’sAssociation new 
proposed criteria for “Preclinical Alzheimer’s disease” and also International Working 
Group criteria for “Preclinical states of AD” and “Asymptomatic at-risk state for AD”) 
[Lancet Neurology, 2010]). 
 
Given the well-known incidence of amyloid pathology in asymptomatic elderly controls, 
the Phase III specificity analysis focused only on young normal controls, in whom we 
could infer with high confidence the absence of amyloid pathology (based on literature 
data from autopsy series, e.g. Braak & Braak, 1997, and as suggested by the agency at 
the type C meeting response letter 06 Feb 2009). 
 
Finally, as the agency has outlined and we agree, there is an important difference 
between 
detection of significant amyloid pathology and diagnosis of Alzheimer's disease. This 
product indication focuses on the former (i.e. a molecular indication) not the later (i.e. a 
diagnostic indication). For a molecular indication, sensitivity and specificity can only be 
measured in subjects in whom the presence or absence of the target can be known with 
high confidence (i.e.,autopsy subjects and young cognitively normal controls). 
 
Also, please explain the discrepancy in the results of two trials (A01 and A05). 
The SUVR values in Study A01were calculated using different brain regions than the 
SUVR values in subsequent studies and a cut point of SUVR > 1.10 cannot be used for 
A01. The most important difference was that the reference region for Study A01 was 
cerebellar gray matter, whereas the whole cerebellum was used in later studies. 
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(Cerebellar gray matter has lower activity than the cerebellum as a whole and using the 
cerebellar gray matter made the Study A01 values higher, on average, than those from 
the later studies.) This change to using the whole cerebellum was made in the subsequent 
studies to improve the reliability of calculation.  
As a consequence, the cut point of 1.10, proposed for later studies does not apply to the 
original A01 data.  We note, however, that the A01 images were reanalyzed using the 
whole cerebellum reference region in Study A06. Study A06 Listing 14.8 lists the revised 
SUVR values for all subjects. Instead of 12 subjects, only 3 of 15 HC from study A01 had 
SUVR > 1.10. These were 012-003 (1.27, age 84), 012-006 (1.42, Age 84) and 012-020 
(1.18, Age 80). These subjects were also read visually positive. This rate of positive HC 
(20%) is consistent with the rate in our other studies, including A05.” 
 
Thus Study A01 failed to calculate correctly the pharmacodynamic factors SUV for 
various target cortical region versus cerebellum. It was only realized later at the end of 
Phase II study that there were errors in calculating SUVR in Study A01. 
 

2. For Study A01, please provide in excel spreadsheet the ages, corresponding MMSE 
scores, precuneus and cortical averages relative to cerebellum for all subjects in 
healthy volunteer group (N=16) and Alzheimer's Disease group (N=16). Also provide 
(for Study A05 subjects) in excel spreadsheet format the ages, corresponding MMSE 
scores, precuneus and cortical averages relative to cerebellum for all healthy subjects 
(N=79). 
 
Sponsor’s response: “As noted above, the original Study A01 SUVR data in the clinical 
study report are not comparable to data from subsequent studies due to the change in 
SUVR methodology during Phase II trials. However, the SUVR data from the A01 
subjects that were re-analyzed in the Study A06 are comparable to SUVR results 
obtained in all Phase II and III studies. The precuneus SUVR values were not explicitly 
calculated in study A06, but the cortical average SUVR as well as the age of each 
subject, their MMSE values and the visual read score are in the A06 study report, Listing 
14.8. Please note that the SUVR could not be calculated for all subjects in study A01 due 
to withdrawal from the study by 1 AD subject and technical issues for 4 AD and 1 HC. 
Data are available in Study A06 for 15 HC and 11 AD subjects enrolled in the A01 trial 
and analyzed by the final SUVR methodology used in Phase II and III trials. Comparable 
data from Study A05 are found in the study report listings 16.2.1.3, 16.2.1.12, and 
16.2.3.3. 
 
All of the above data are in the integrated database (including the original A01 SUVR 
data calculated with the Phase I methodology). An excel spreadsheet has been provided 
from the integrated database. Data from 78 healthy control subjects in A05 and 26 AD 
and healthy control subjects in A01 are included.” 
3. It is evident from Study A01 and A05 that the "load of beta amyloid" increases in 
healthy volunteers with age. Our preliminary analysis shows that due to higher beta 
amyloid loads in older (70 years and older) healthy volunteers, a higher number of 
"false positive" PET reads will be observed with visual binary PET reads. Please 
describe a correlation between age and beta amyloid by grouping healthy volunteers in 
two cohorts >50 to 69 and 70 years of age and older. 
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Age is a well-documented risk factor for both symptomatic Alzheimer’s disease and for 
asymptomatic brain amyloidosis. Consistent with this, we report both the proportion of 
cognitively healthy subjects (HC) who are amyloid positive (Aβ+) on the PET scan 
blinded reader assessment, as well as the cortical average SUVR, increases with age”. 
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Reviewer’s comment: 
The study is acceptable from a clinical pharmacology perspective. 
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Reviewer’s comments: 
The A05 study is acceptable from clinical pharmacology perspectives. 
However, please note following interaction with the sponsor. 
The sponsor decided later on during the development plan that instead of SUVR, a binary 
read (beta amyloid positive or beta amyloid negative image) would be used clinically. A 
“beta amyloid positive image” was defined as an image where SUVR would be greater 
than 1.1. The results of the Study A01 had shown SUVR of 1.24 for cognitively healthy 
controls. This raised serious concern as PET images for most (12 out of 15) cognitively 
normal subjects would be read as amyloid positive scan. 
 
Following information request letter was sent to sponsor on November 30, 2010 by 
clinical pharmacology team: 
“….the data from Study A01 and A05 employed healthy volunteers with the age over 50 
years. These studies show high numbers of "false positive" for healthy volunteers >50 
years of age (MMSE >29) based on SUVR >1.1 as beta amyloid positive image using a 
visual binary read as proposed by Company. In Study A01, it appeared that 80 % of the 
healthy volunteers (i.e., 12 out of 15 healthy volunteers) have substantial levels of Beta 
amyloid showed by PET image (Please refer to Figures 14.4.1.7 and Figure 14.5.1.5 for 
Study A01). Similarly, in Study A05, it appears that 22.8 % (i.e., 18 out of 79 healthy 
volunteers) of PET reads (based on visual binary reads) would be assessed as "positive”. 
The % of false positive read for Study A05 appears much better than Study A01. 
 
Please explain how nuclear medicine physician would accurately identify healthy 
volunteers based on florbetapir-PET scan with the high number of false positive 
image in healthy volunteers (i.e., 22.8 – 80 %). Also, please explain the discrepancy in 
the results of two trials (A01 and A05)”. 
 
The sponsor responded, “The SUVR values in Study A01were calculated using different 
brain regions than the SUVR values in subsequent studies and a cut point of SUVR > 
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1.10 cannot be used for A01. The most important difference was that the reference region 
for Study A01 was cerebellar gray matter, whereas the whole cerebellum was used in 
later studies. (Cerebellar gray matter has lower activity than the cerebellum as a whole 
and using the cerebellar gray matter made the Study A01 values higher, on average, than 
those from the later studies.) This change to using the whole cerebellum was made in the 
subsequent studies to improve the reliability of calculation. As a consequence, the cut 
point of 1.10, proposed for later studies does not apply to the original A01 data. 
 
We note, however, that the A01 images were reanalyzed using the whole cerebellum 
reference region in Study A06. Study A06 Listing 14.8 lists the revised SUVR values for 
all subjects. Instead of 12 subjects, only 3 of 15 HC from study A01 had SUVR > 1.10. 
These were 012-003 (1.27, age 84), 012-006 (1.42, Age 84) and 012-020 (1.18, Age 80). 
These subjects were also read visually positive. This rate of positive HC (20%) is 
consistent with the rate in our other studies, including A05.” 
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Reviewer’s comments: 
The study A06 is acceptable from clinical pharmacology perspectives. This reviewer 
agrees with the sponsor’s conclusion that the imaging time can be in between 30 -50 min 
after the administration of flobetapir F-18. 
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Reviewer’s comment: 
The A07 study has been reviewed in detail by reviewing medical officer and statistician. 
The clinical pharmacology review focused on the correlation of SUVR with the autopsy 
data, as well as with various stage of neural disease including healthy volunteers. 
It appeared that there is statistically significant correlation between SUVR and amount of 
amyloid plague estimated by autopsy. With this correlation, the SUVR could be used as 
an important parameter for the non-invasive, quantitative measure of amyloid.  
 

 

Reference ID: 2904801

BEST AVAILABLE COPY



 

 
Flobetapir  NDA 202-008 
 

94

 
 
 
 
 
 
4.3. Consult review (Including pharmacometric review) 
Not applicable. There was no consult review. 
 
4.4. Coversheet and OCP filing review form 
Please refer to the DARRTS signed off on 12/21/2010 under NDA 202-008. 
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I concur.
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS 
 FILING FORM/CHECKLIST FOR NDA/BLA or Supplement 

 

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for 
NDA_BLA or Supplement 090808 

 

Office of Clinical Pharmacology 
New Drug Application Filing and Review Form 

General Information About the Submission 

 Information  Information 
NDA/BLA Number 202008 Brand Name F-18 Florbetapir 
OCP Division (I, II, III, IV, V) V Generic Name  
Medical Division DMIP Drug Class Imaging 

OCP Reviewer Christy S. John, Ph.D Indication(s) For detection of beta 
amyloid plaques  

OCP Team Leader Young Moon Choi, Ph.D. Dosage Form Clear Injectable Solution 
Pharmacometrics Reviewer N/A Dosing Regimen 10 mCi 
Date of Submission September 16, 2010 Route of Administration IV 
Estimated Due Date of OCP Review  Sponsor Avid 

Radiopharmaceuticals 
Medical Division Due Date  Priority Classification P 

PDUFA Due Date 
March 17, 2011   

Clin. Pharm. and Biopharm. Information 
 “X” if included 

at filing 
Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments If any 

STUDY TYPE                                                                                                                               

Table of Contents present and sufficient to 
locate reports, tables, data, etc. 

X                                                    

Tabular Listing of All Human Studies  X                                                    
HPK Summary  X                                                    
Labeling  X                                                    
Reference Bioanalytical and Analytical 
Methods 

                                                    

I.  Clinical Pharmacology X       1                                                                                              
    Mass balance:     
    Isozyme characterization:     
    Blood/plasma ratio:     
    Plasma protein binding:     
    Pharmacokinetics (e.g., Phase I) -          1                                                                                            

Healthy Volunteers- 
                                                                                                     

single dose: X    
multiple dose:     

Patients- 
                                                                                                     

single dose:     
multiple dose:     

   Dose proportionality -      1                                                                                                
fasting / non-fasting single dose:     

fasting / non-fasting multiple dose:     
    Drug-drug interaction studies -                               2    (In-Vitro)                                                                              

In-vivo effects on primary drug:     
In-vivo effects of primary drug:     

In-vitro:     
    Subpopulation studies -                                                                                                                               

ethnicity:     
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File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for 
NDA_BLA or Supplement 090808 

gender:     
pediatrics:     
geriatrics:     

renal impairment:     
hepatic impairment:     

    PD -                                                                                                                               
Phase 2:  x   
Phase 3:     

    PK/PD -                                                      
Phase 1 and/or 2, proof of concept: X    

Phase 3 clinical trial:     
    Population Analyses -                                                      

Data rich:     
Data sparse:     

II.  Biopharmaceutics                                                                                                                               
    Absolute bioavailability     
    Relative bioavailability -                                                                                                                               

solution as reference:     
alternate formulation as reference:     

    Bioequivalence studies -                                                                                                                               
traditional design; single / multi dose:     

replicate design; single / multi dose:     
    Food-drug interaction studies     
    Bio-waiver request based on BCS     
    BCS class     
   Dissolution study to evaluate alcohol induced 
   dose-dumping 

    

III.  Other CPB Studies                                                                                                                               
    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References     
Total Number of Studies     
     

 
 
 
On initial review of the NDA/BLA application for filing: 
 

 Content Parameter Yes No N/A Comment
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data comparing to-be-

marketed product(s) and those used in the pivotal clinical trials? 
  X  

2 Has the applicant provided metabolism and drug-drug interaction 
information? 

X    

3 Has the sponsor submitted bioavailability data satisfying the CFR 
requirements? 

  X  

4 Did the sponsor submit data to allow the evaluation of the validity of 
the analytical assay? 

X    

5 Has a rationale for dose selection been submitted? X    
6 Is the clinical pharmacology and biopharmaceutics section of the NDA 

organized, indexed and paginated in a manner to allow substantive 
review to begin? 

X    

7 Is the clinical pharmacology and biopharmaceutics section of the NDA 
legible so that a substantive review can begin? 

X    

8 Is the electronic submission searchable, does it have appropriate X    
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hyperlinks and do the hyperlinks work? 
 
Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) 
        Data  
9 Are the data sets, as requested during pre-submission discussions, 

submitted in the appropriate format (e.g., CDISC)?  
  X  

10 If applicable, are the pharmacogenomic data sets submitted in the 
appropriate format? 

  X  

        Studies and Analyses  
11 Is the appropriate pharmacokinetic information submitted? X    
12 Has the applicant made an appropriate attempt to determine reasonable 

dose individualization strategies for this product (i.e., appropriately 
designed and analyzed dose-ranging or pivotal studies)? 

X    

13 Are the appropriate exposure-response (for desired and undesired 
effects) analyses conducted and submitted as described in the 
Exposure-Response guidance? 

X    

14 Is there an adequate attempt by the applicant to use exposure-response 
relationships in order to assess the need for dose adjustments for 
intrinsic/extrinsic factors that might affect the pharmacokinetic or 
pharmacodynamics? 

  X  

15 Are the pediatric exclusivity studies adequately designed to 
demonstrate effectiveness, if the drug is indeed effective? 

  X  

16 Did the applicant submit all the pediatric exclusivity data, as described 
in the WR? 

  X  

17 Is there adequate information on the pharmacokinetics and exposure-
response in the clinical pharmacology section of the label? 

X    

        General  
18 Are the clinical pharmacology and biopharmaceutics studies of 

appropriate design and breadth of investigation to meet basic 
requirements for approvability of this product? 

X    

19 Was the translation (of study reports or other study information) from 
another language needed and provided in this submission? 

 X   

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? 
___YES_____ 
 
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter. 
 
 
 
 
Christy S. John         10/12/10 
Reviewing Clinical Pharmacologist      Date 
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Team Leader/Supervisor       Date 
Young Moon Choi, Ph.D.       10/12/10 
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