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During this presentation we will review 
opportunities and challenges of using 
imaging biomarkers in clinical drug 
development 

By end, you will have a better understanding 
of

§ Role of imaging within the broader venue 
of clinical biomarkers

§ Reproducibility and scalability of imaging 
biomarkers in drug development

§ Intersection of imaging biomarker and AI 
methods

Objectives



A. Candle flame

B. Kneecap

C. Artichoke

D. Flowing lava
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Clinical biomarker depends on the context of use



Precision Medicine| Understanding complex diseases and 
therapeutic response biology to deliver high value medicines



Roadmap | exploratory biomarker to regulated diagnostic



Modalities | balancing availability & complexity vs 
mechanistic specificity 



Variability assessment | standardized protocols matter

Source: Hrabak-Paar. Card Img. 2020



A. Zebrafish

B. Human Spine

C. Balloon catheter



Enriching the target population | using imaging as inclusion 
criteria



Representative cases of 3D rendering of CT images



Extent of emphysema is associated with mortality risk | 
evidence from 7,341 patients in the COPD gene registry

traceabsent mild

moderate confluent destructive

Source: Lynch, Radiology: 2018: 28-3



Deep learning enables classification of emphysema 
pattern on CT | leveraging the COPD gene registry

• AI classified 34% ‘one level higher’ compared to visual 
score

• AI classified 13% ’one level lower’
Source: Hasenstab. Radiology 2021



A. GOT Dragon

B. Turtle

C. Goliath Beetle

D. Pineapple



Imaging to enrich iAMD trials | opportunity for AI 
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Based on fellow-eye analysis in historical trial, ~20% of patients with iAMD
progressed to late AMD within 2 years

Presence of ≥ 2 high risk features on OCT increases risk of conversion within 
2 years to more than 40%

OCT screening is part of current iAMD trial

OCT: optical coherence tomography

Geographic Atrophy 

A form of dry AMD 
~20% of legal blindness 

early AMD intermediate
AMD late AMD



Predicting fast progressors | manual scoring
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HRF

Drusen

SDD

hRF

iRORA

Known High Risk Features 
for conversion to Late AMD
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Deep Learning – imaging models

Retinal layers  

OCT images

*Nassisi et al., OCT Risk Factors for Development of Late Age-Related Macular Degeneration in the 
Fellow Eyes of Patients Enrolled in the HARBOR Study, Ophthalmology (2019)

Predicting iAMD progression | initial modeling approaches
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How is the manual scoring performed? 
Counting high-risk features

HRF Drusen

SDD hRF

*Nassisi et al., OCT Risk Factors for Development of Late Age-Related Macular Degeneration in the 
Fellow Eyes of Patients Enrolled in the HARBOR Study, Ophthalmology (2019)

Rule-based manual scoring simply counts the number of high-risk features in the fellow eye 
without weighting one feature over the other for identifying fast progressors   
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Adding a stonger baseline
Weighting the high-risk features using a logistic regression model

HRF

Drusen

SDD

hRF

*Nassisi et al., OCT Risk Factors for Development of Late Age-Related Macular Degeneration in the 
Fellow Eyes of Patients Enrolled in the HARBOR Study, Ophthalmology (2019)
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Predicting fast progressors | feature agnostic models (using OCT 
specific model)

OCT-specific represenation learning
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Identifying progressors from intermediate to late AMD
OCT features + high-risk feature scores model

[0.1, 0.8, 0.4, 0.05, 0.02]

Set 
Model

Convertor

OCT volume

Volume feature

High-risk feature
scoring model

Feature fuser & 
classifier

Average high-risk
Feature scores



A. Older patient

B. Cat

C. Child

D. Dog



Multiple sclerosis | neurodegenerative disease 
affecting the entire body
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MS therapy | unmet medical need
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Source: Hauser and Cree. Am J Med 2020



Predicting disability progression | relapses
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• New and enhancing brain lesion on MRI 
are sign of relapses

• Number / frequency of brain lesions is 
highly correlated with disability 
progression



Predicting disability progression |  no 
relapses
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• Total brain volume change is correlated 
with MS progression independent of 
relapses

• Annualized change in brain volume in MS 
is small (0.5 -1 %) and only slightly above 
that of healthy controls (0.3% per year)

• Known measurement variability due to 
physiological parameters (hydration 
status) and difference in quantification 
methodology
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Can we do better ? | Potential alternatives to total 
brain volume changes

• DGM (total)
• Thalamus
• Caudate
• Cortical grey matter
• White matter
• Brainstem
• Cerebellum
• Ventricles
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NO.MS | leveraging information from up to 34 trials



Methods
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§ EXPAND trial | SPMS, siponimod, placebo-controlled trial, 1,645 
patients, conducted ~ 2013 - 2015

§ Atlas based segmentation of 19 anatomic substructures of the 
baseline data

§ Subsequent timepoints were diffeomorphically registered and 
volumetric changes were estimated via mean Jacobian determinant in 
the region of interests

§ PIRA events were defined per Lublin et al (Brain 2022)

§ Neural network developed (based on atlas segmentation) for batch 
processes/speed



EXPAND | substructural segmentation example
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Original Processed Segmented



Potential alternatives | exploratory insights on EXPAND
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DNN Baseline Experiment
ba

se
lin

e

MRI

M
LP gender

precomputed and cached

volumetric features

764 train 
samples

321 validation 
samples

gender classification on 
8 brain volume features

Jonathan Ziegler

TN 
63

TP 
90

FP 
88

FN 
15



A. Mountain

B. Mustached upper lip

C. Retina

D. Turkey Sandwich



Assessing renal perfusion | measures to prevent acute 
kidney injury

Decreased blood flow  

Direct damage to the kidneys

Blockage of the urinary tract



H2
150 PET | Assessing renal flow in CHF patients  

Source: Voors. Circ Heart Fail. 2014

• Serelaxin, a recombinant vasodilator hormone, was assessed in 
65 acute heart failure patients  

• H2
150 PET in subset of 22 patients demonstrated 20% more 

perfusion in the renal medulla than in the cortex of txt group, but 
no change in the placebo group 

Medulla

Cortex



Advanced MRI methods to assess renal perfusion | 
challenge to scale for phase II & III trials

Cine phase-contrast MRI Arterial spin labeling (ASL) MRI Blood oxygen level-dependent (BOLD) MRI 

Source: Schneider. Critical Care 2013.



Ultrasound is widely available | Enabling access to patients who 
could otherwise not be imaged in trial settings

Source: MA- emergency ultrasound, www.healthmanagement.org



Doppler ultrasound measurements to asses renal perfusion

Source: Hermansen. Nat. ScRe 2021

Arterial assessment: resistive index Venous assessment



Perioperative ultrasound predicts AKI | ready for clinical trials?

Source: Hermansen. Nat. ScieRep 2021 

89 patients with open-heart surgery | postoperative 
ultrasound  | AKI developed within 4 days

100 patients admitted to ICU for shock | ultrasound on 
admittance | AKI developed within 1 week

Source: Mulier. Plus One 2018 



Volumetric changes | gold standard for assessing therapeutic 
response in polycystic kidney disease

Source: Kidney-international.org



Creating 3D volume from 2D ultrasound scan

Source: Chen, dissertation 2022



Coordinate system alignment

Source: Chen, dissertation 2022



world

ultrasound probe
augmented with low-cost
sensors.



3D mapping of geometric and tissue properties 



Freehand ultrasound volumes



Ultrasound derived volumes are comparable with gold 
standard



A. Esophagus

B. Gallstones

C. Triplets



Multiparametric MRI to go beyond structure | sporadic 
inclusion body myositis

• A rare progressive and currently 
untreatable muscle disorder 
causing severe disability

• Muscle biopsies show both 
inflammatory and degenerative 
changes (protein aggregates) 

Source: https://lloydlab.jhmi.edu/IBM.html



Quantitative MRI findings | Correlation with observed 
functional, mobility and strength outcomes

PD-MRI FF T2* MTR T2

PD-MRI FF T2* MTR T2

75% TMV

25% TMV

FF 12.9% 0.1% IMCT-T2* 31.8% MTR T2 35.7 ms

FF 37.1% 3.7% IMCT-T2* 12.0% MTR T2 28.8 ms

10.9% IMAT-T2*

82.7% IMAT-T2*

24% IMAT

75% IMAT

A

B

Early-stage patient

Late-stage patient

Atrophy Fat 
infiltratio

n

Connectiv
e tissue

Protein 
organizatio

n

Oedema

(Dixon)

SIFA: sIBM physical fucntional assessment
6MWD: 6-min walking distance
QMT: Quantitative muscle testing 

Source: Laurent, Neurology 2022



Sporadic inclusion body myositis | changes after 1 year

Source: Laurent, Neurology 2022

Figure 4
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3D-slicer segmentation
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3D-slicer segmentation

• Volume loss ranging 
from <1% (gracilis) to -
12.6% (vastus lateralis & 
intermedius)

• More prominent IMAT 
deposition in posterior 
(+13.4%) vs anterior 
muscles (+8.5%)



Risk stratifying COVID patients | opportunistic use of 
available information from chest CT data*

* 2019 MGH COVID registry: 410/866 (47.3%) had chest CT during our before hospitalization

Source: Goehler, OFID 2021



Visceral fat quantified on chest CT | correlation with 28 
day mortality or intubation independent of BMI

Source: Goehler, OFID 2021
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Novel feature association: Going 
beyond what the human eye can see

Multimodal integration: Leveraging the full 
spectrum of information across imaging & 
non-imaging data

Roche – macular thickness quantification from 
color fundus photography (ph 3, RIDE/RISE)3

J&J | Neutrogena | FitSkin – AI driven app for 
skin analyses and product recommendations4

Merck | Perceiv AI – imaging & molecular & 
clinical  & blood for Alzheimer's progression 
prediction5,6

Enabling feasibility: Automate established 
endpoint to reduce variability / increase 
scalability

Pfizer | Iterative Scopes – AI driven colonoscopies 
for trial inclusion, primary/secondary endpoints1

Biogen | AI2 – FDA-listed AI algorithm to identify and 
classify Amyloid-related imaging abnormality (ARIA)2

iAMD fast 
progressor

pMS
progression

Imaging AI can address a broad range of applications
Scope depends on the context of use

Sources: (1) https://www.businesswire.com/news/home/20220208005529/en/Iterative-Scopes-Announces-AI-Driven-Data-Sharing-Agreement-with-Pfizer-to-Advance-IBD-Clinical-Trials. (2) https://www.biogen.com/science-and-innovation/biogen-digital-health/portfolio.html (3) https://www.ophthalmologytimes.com/view/deep-learning-predicts-oct-measures-
diabetic-macular-thickening. (4) https://www.biogen.com/science-and-innovation/biogen-digital-health/portfolio.html. (5) https://www.perceiv.ai/ (6) https://www.newswire.ca/news-releases/merck-selects-perceiv-ai-for-inaugural-digital-sciences-studio-cohort-853646627.html



Conclusion

§ Imaging is a key component of many overall biomarker strategies 

§ Imaging modalities and methodologies come at different levels of 
complexity and maturity which affects their utility in later stage studies

§ AI assisted imaging analysis provides opportunities for broader use of data; 
early engagement with health authorities is important to ‘learn together’
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Questions

Feel free to contact me at alexander.goehler@novartis.com


