
Neuroimaging enrichment 
biomarkers for CNS diseases
Adam Schwarz
(Eli Lilly and Company)
On behalf of CAMD imaging qualification team
Special thanks to Peng Yu and Derek Hill



Outline

♦ Hippocampal volume (HV) in AD (case study of an enrichment 
biomarker)

♦ Overview of evidentiary considerations for biomarkers
• General considerations
• Mapping to HV and context of use for trial enrichment

♦ NIA-AA recommendations for clinical research in MCI due to AD
♦ Performance characteristics of HV in MCI

• Heterogeneity of clinically-defined MCI population (differential clinical 
progression)

• Supporting data from the literature
• Test-retest
• Sensitivity to different HV algorithms
• Operational considerations



Hippocampal atrophy in Alzheimer’s 
Disease

AD = Alzheimer’s Disease.  MCI = Mild Cognitive Impairment.
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Brain atrophy as measured by structural 
MRI reflects neuropathology of AD
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Biomarker development adapted from the framework of Pepe et al. 2001

Phase 1: Rationale 
for the use of BM

Phase 3: Detection 
ability in early 

phase

Phase 4: BM 
accuracy in real 
world patients

Phase 5: Quantify 
the impact of BM-
based diagnosis on 
relevant outcomes

PA Potential 
leads

PA Identify 
discrimination 

accuracy AD/HC

PA Assess true/false 
referral rate in BM-
diagnosed patients

PA  Estimate impact 
on morbidity & 

disability

SA1 Assay 
definition

SA2 Practical 
feasibility

SA1 Detect 
predictive features

SA1 Cost/benefit 
quantification

SA2 Ante mortem/ 
autopsy

SA3 Covariates 
in HC

SA4 Covariates 
in AD

SA1 impact of 
covariates

SA2  Compare 
markers

SA3  Combine 
markers

PA2 Criteria for 
positivity

PA1 Assess capacity 
of earliest (MCI) 

detection

SA2 Compliance 
in ≠ settings

SA3 Compare ≠ 
protocols

SA3 Estimate 
impact & costs

SA4  Monitor false 
negatives

SA4  Determine 
testing Interval

Phase 2: 
Discrimination 

ability of the BM

Phase 1: Rationale 
for the use of BM

Phase 2: 
Discrimination 

ability of the BM

Phase 3: Detection 
ability in early 

phase

Slide courtesy of Marina Boccardi & Giovanni Frisoni

Context of use
(clinical trial 
enrichment –
MCI)



Altar CA et al. (2008) Clin Pharm Ther 83(2) 368 



Altar CA et al. (2008) Clin Pharm Ther 83(2) 368 

N/A
(non-chemical

marker)

N/A
(outside Context of Use)

Evidence from many studies 
(meta-analysis). Explicit 

replication part of proposed 
HCV analysis plan.

Standardized methods of 
acquisition and analysis 

commonly applied. 510(k)/CE-
marked analysis software 
available. Hippocampal 

harmonization.

Canonical feature of AD. 
Causally related to core 

amnestic phenotype.

No real benchmark. Performs 
similarly to alternatives.



Biomarkers of neurodegeneration are 
embedded in the 2011 NIA-AA research criteria 
for MCI due to AD

Albert M et al. (2011) Alzheimers & Dementia



A systematic survey of the published literature 
indicated strong evidence for low hippocampal 
volume as an enrichment biomarker in MCI



De novo calculations confirmed literature 
findings and robustness to HCV measurement 
algorithm

Hill DLG et al. (2014) Alzheimers & Dementia 10 421



Analytic validation: 
test-retest reliability



Hippocampal volume measurements are highly 
reliable (test-retest)

Wolz R et al. (2014) Alzheimers & Dementia 10 430



Operational considerations and 
practical implications for trials



Cut-point defined with respect to 
normative reference range



MCI subjects with smaller 
hippocampi progress more rapidly

Enriched population 
(HV < 25% of normal)

All MCI subjects

Subjects excluded (HV 
>= 25% of normal)

Slower 
progressing 
subjects are 
excluded 

Subjects with 
smaller HV at 
baseline progress 
more rapidly 



Cut-point defined with respect to 
normative reference range

How do the enriched trial characteristics depend on the choice of cut-point? 



MCI subject selection based on low hippocampal 
volume results in smaller sample sizes 

Yu P et al. (2014) Neurobiol. Aging 35 808

This improvement is not sensitive to algorithm and is maintained across a range 
of cut-points.



Enriched population yields smaller sample size 
but increased screen fail rate  implications 
for clinical trial operations

Yu P et al. (2014) Neurobiol. Aging 35 808

NNS = Number 
needed to screen 
(to enroll projected 
sample size)



Enriched population yields smaller sample size 
but increased screen fail rate  implications 
for clinical trial operations

Yu P et al. (2014) Neurobiol. Aging 35 808



An operational recipe for the use of HCV to 
enrich clinical trials

Hill DLG et al. (2014) Alzheimers & Dementia 10 421



Gantanerumab MCI post hoc analysis
(SCarlet RoAD)

8/18/2015 Company Confidential  © 2015 Eli Lilly and Company 21

“Different progression rates from person to person, and the field’s inability to 
predict with any precision how quickly a given person will progress, are 
longstanding problems in Alzheimer’s disease trials. In this instance, the fast 
progressors—i.e., those whose hippocampal volume and CDR-SB performance 
declined the most over the duration of the trial—appeared to benefit […]” 
http://www.alzforum.org/news/conference-coverage/aducanumab-solanezumab-gantenerumab-data-lift-crenezumab-well
AAIC-2015

http://www.alzforum.org/news/conference-coverage/aducanumab-solanezumab-gantenerumab-data-lift-crenezumab-well


Summary

♦ Evidentiary considerations and research guidelines relevant to the context of use 
were reviewed

♦ Key evidentiary questions to be addressed by a putative biomarker include:
• Heterogeneity of the clinically-defined target population

• Strength of supporting data and robustness of findings across different studies, cohorts, 
geographies

• Test-retest of the method per se

• Sensitivity to technical variations

• Operational considerations (including time and cost)

♦ Hippocampal volume (HV) provides a case study of a neuroimaging enrichment 
biomarker for MCI due to AD, for which the above points have been addressed

♦ Biomarker qualification could improve chance of success, reduce number of 
subjects exposed to an experimental treatment that may have side effects, and 
reduce time/cost of trials.



• Backup 



• 10th percentile ~ 1.3 SD below normal mean
• 25th percentile ~ 0.6 SD below normal mean
• 40th percentile ~ 0.2 SD below normal mean
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