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Hypoxia Radiobiology

5 conceptual observations
have shaped the field



1) 1909 - Hypoxia causes radiation resistance
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2) 1955- HypOX|a IS present in human tumors
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3) 1986-Hypoxic cells can
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4) 1988- Hypoxia influences tumor biology

Metastasis Genetic instability
- ¥ . * Fa  Oxic [b Hypoxic/reaerated
KHT Fibrosarcoma BIGFIO Melanoma .
130 E L
110

0
o

~
o
—

Mean number of metastases/mouse (7

o
o

Fraction B

(o]
o
Plating efficiency &8

N RPN

AT
LSRN

o
o O
o

12 18 Oxi 12 18 24 48
Duration of oxic recovery(hr) Duration of oxic recovery(hr)

frmmmmm——a-

Froction A~

i i i " i i " e i i "

DNA Content (Hoechst 33342 fluorescence)

Forward angle light scalter

Young and Hill
Proc Natl Acad Sci U S A. Dec 1988; 85(24): 9533-9537



Hypoxia drives phenotypic diversity .
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5) 1996-Mutations influence hypoxia tolerance
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Why has this not had a
bigger clinical impact?



Need for personalization



The most important and interesting aspect of
tumour hypoxia Is its variation across patients

1) We don’t understand what
causes the different patterns of
hypoxia from patient to patient

2) We don’t base therapeutic
approaches to hypoxia on any
patient specific feature



Determinants of tumour hypoxia —

oxygen delivery/vasculature
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Tumour hypoxia Is about more than delivery

Courtesy of Bert van der Kogel



Oxygen metabolism and hypoxia tolerance
iInfluence tumor hypoxia

Oxygen delivery/demand

1) Angiogenesis/perfusion
2) Oxygen metabolism
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Microenvironment
dynamic equilibrium
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3) Hypoxia
Tolerance

Adaptive
pathways




Analysis of oxygen metabolism and hypoxia tolerance in
patient derived samples
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before surgery

Establishing organoid
models of PDAC
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HP (hypoxic percentage)

How does oxygen metabolism and hypoxia tolerance
drive variation in hypoxia across patients?

Pancreatic
cancer
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ECAR (upH/min/10,000 cells)

OCR (pmol/min/10,000 cells)
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High range in oxygen consumption in PDO
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PDOs exhibit a wide range of metabolic phenotypes

Basal OCR vs Basal ECAR
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Metabolic subtypes in PDAC
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Relative formation efficiency

(1.0% Os/normoxia)
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Relative formation efficiency

High range of hypoxia tolerance in PDO
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Relative formation efficiency

(1.0% O,/normoxia)

Correlation between hypoxia tolerance and basal OCR
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Metabolic and hypoxic phenotypes captured in vivo

ﬁ Injections: Evaluate the variation of phenotypes in vivo
-180min :
30min » — oxygeh metabolism
HoechstSEaaty — hypoxiatolerance
ces — vasculature

DAPI CD31




Analysis pipeline — live/dead

ﬁ Injections: » Cell segmentation on DAPI using StarDist deep learning
-180min
-30njillrr]nin » Live/dead cells identified using an object classifier trained
C o from manually annotated images

DAPI CD31 PIMO

Live Dead




Analysis pipeline — stroma/tumour

Injections:
-180min

-30min
-1min

»

» Epithelia (tumour) and stroma
regions distinguished using an
object classifier based on
pathologist annotated images.

DAPI CD31



Delivery - Vessel detection and perfusion
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Perfusion metrics - example
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Hypoxia spatial metrics

 Distance to centroid of the nearest perfused
vessel was calculated for each cell.

Heatmap Scale (um)

0.00

Distance map

200.00




Spatial gradients in hypoxia and proliferation
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Metabolic and hypoxic phenotypes captured in vivo

Individual cell Live/dead (%Necrosis)
classification Epithelial/stroma

Single-channel analysis Hypoxic fraction (PIMO+ cells)
Proliferative fraction(Edu+ cells)

Perfusion CD31+ vessel density
Perfused vessel density (per tumour area)
Perfused vessel count (% of total)
Perfused vessel area (% of total)

Spatial gradients based Cell density gradients
on distance metricsto  Oxygen gradient (oxygen consumption)
perfused vessels Pimo intensity gradients (tolerance)
Acute hypoxia
Proliferation gradients



Do in vitro phenotypes drive in vivo hypoxia?
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Do In vitro phenotypes drive in vivo hypoxia?
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In vitro OCR and hypoxia tolerance correlate with

oxygen gradients and oxygen levels in vivo
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What are the underlying molecular determinants
of oxygen metabolism and hypoxia tolerance?



Transcriptional subtypes in PDAC organoids
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Organoid fraction

PDOs transcriptional subtypes associate with oxygen
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Personalized targeting of hypoxia

High oxygen Mﬁtf?rmin
: Phenformin
consumption P REgLERL
Papaverine

Hypoxic Tumour /
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Lessons

« Key biological properties that impact radiation response are highly
tumour specific
— All approaches to change RT schedules, combinations will have differential
effects on patients
« Therapeutic approaches must be developed in concert with patient

selection
— Treatment strategy addresses both causes and consequences of hypoxia at
the patient level
« Understanding the contributors to patient variation in tumor biology
are needed to inform future radiation treatment
— Protons, ions, dose/fx, SBRT, drug combinations
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