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Photodynamic Priming Affects the Radiation-Induced Skin Toxicity and Damage Timeline

2026 JOINT AAPM COMP MEETING Aleksandra llina!, Valentin Demidov!, Jason R. Gunni, William S. Thomas?, Kevin J. Willy!, David J. Gladstone! and Brian W. Pogue! DARTMOUTH

JULY 19-22 | VNCOUVER, BC ] ] ENGINEERING
Thayer School of Engineering, Dartmouth College, Hanover, NH

2University of Wisconsin-Madison, Madison, WI

introduction Methods and Materials . Resus

Photodynamic therapy using 5-aminolevulinic acid (ALA-PDT) generates intracellular Delivery parametres:  PDT priming resulted in the immediate increase of radiation damage as early as day 1 post-RT as shown in Figure 4
protoporphyrin IX (PplX), which upon light activation produces reactive oxygen species  Both dose levels demonstrate the enhanced radiation and PDT damage in the early acute stage of the radiation damage curve
and triggers vascular and metabolic modulation. At low, non-ablative doses, PDT does * IntraOp Mobetron 9 MeV Electrons  We observed a change in the late acute effects as well — both dose and dose rate cohorts of mice are demonstrating the skin healing following photodynamic priming
not induce cytotoxicity but can transiently increase blood flow, oxygenation, and local  UHDR: 340 Gy/s, 3 Gy per pulse, 90Hz
inflammation—an approach referred to as photodynamic priming. « CDR:0.16 Gy/s ; | 24 Gy X 27 Gy
—CDR + ALA-PDT —CDR + ALA-PDT . . . . . . . .
Irradiation setup: B R * The main difference lies in the early acute stage following the irradiation —
. : e . : UHDR + ALA-PDT Pie R l . . L.
A . C57BI/6 female mice, 10-12 weeks old Treated aref > | . ALAPDT - often before the visual irradiation damage takes place
* ) - Immobilized via 3D printed Jig g 2 g 2 * Techniques like OCT and computational pathology offer insight into the
<0 « Dose groups: 24 Gy, 27 Gy %1 5 ® 15 microscopical changes that take place before the macroscopical changes take
o Figure 2: A depiction of the irradiation field : % ’ place
» ) o S m Y & pc?sitioning g = = 1 / * Figure 5 offers an example of the early damage markers like hyperdermal
sy | 05( e ) S | edema that is noticeable as early as day 8 post-Rt, while the ulceration takes
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H2NWOH REietay | | . VAR | | place on day 13
"ﬂT ! Data c‘c’j"ecft'ﬁ"’ I | T Basrostiadaion 2 5 st aion . © * Figure 6 demonstrates that the inflammation (number of the infiltrating cells
Before PDT Aler FOT 30-day follow-up with clinical skin scoring . . S o . _ per 90x80 pm ROI) also increases after 10 days after irradiation
- ; * Histology (H&E) at 10 days post-RT Figure 4: Comparison of the radiation-induced toxicity between primed and non-primed + Taken together these metrics wil
* Optical Coherence Tomography (OCT) imaging of epidermal thickness and edema cohorts. The arrows point out the difference in the amount of damage the mice receive ‘ovide a necessary insicht into the
(Days 1-14) in the early (before day 10) stage. A dotted line represents the control cohort of mice P o nicm behi dy X g'ff S eo: Inflammation
) e OCT structural assessment for ulceration and architectural loss only receiving 5 J/cm?2 ALA-PDT treatment mechanism benind the aifrerence In
A the damage timeline of the 50,
SCORE DESCRIPTI.ON OF SKIN RESPONSE OBSERVED AT EACH LEVEL ohotodynamic priming s
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;t‘;\@;?p::;}%"v;ﬁ, ; &L e . . e of th 0.75 Definite but slight abnormality F'gure 6. C.ompa rison of the = 30
40 | “‘?":&c' ¢ Figure 3: An example ot t _e 1.0 Definite abnormality with reddening inflammation markers 10 days post- 5 _I |
T OCT scan of the mouse skin 1.25 Severe reddening and/or white scales and/or puffiness RT, demonstrating the increase in z =
E 307 2% POT compared to the histological 1.5 Moist breakdown in one very small area, with scaly or crusty appearance the number of infiltrating cells 10! I
N20] staining demonstrating its 1.75 Moist desquamation in small areas (more definite than 1.5) before the visual damage takes
a ol capacity to visualise the 2.0 Breakdown ?n large area, possiPIy rTloist ir.1 Places' place e — 20 ot 07
R different layers of the skin 2.5 Breakdown in large areas of skin with definite moist exudate Dose (Gy)
0! ~ : : J 3.0 Breakdown in most of skin with moist exudate
0 100 200 300 400 3.5 Complete moist breakdown of limb—often stuck to body .
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Figure 1:.A schematic deplctl.on of ALA-I?DT (top); R Table 1: Visual Scoring system for acute skin damage in mice. Low-dose ALA-PDT priming substantially alters the temporal trajectory of radiation skin
Increase In blood vglume (middle) and; n tissue P g N e R T — o o —— injury. The markedly earlier onset of damage (Day 4-5) suggests that priming modifies
Oxygenatlon fO”OWIng IOW SUb-therapeUtIC dose Of PDT Fig. 5 OCT structural images and Masson’s trichrome stains of (a b)norm;aland(c d) iradiated mouse e ) it Vascular or metabollc cond|t|on5 that Sen5|t|ze the 5k|n to rad|at|on
(bottom) T The similarity in response acceleration for both CDR and UHDR indicates that priming
. . . . : Biar 8 ' Sk e Cldriel ks & R iiasn o clagelt UEONGIY B e W ik affects radiation-independent pathways such as perfusion, inflammation, oxidative
PDT increases perfusion and oxygenation and may alter the timing and severity of arows on () afe irdison sermig rom peenchymal denage o s ssu, Redaton nduced . +halial t ’ ’
. . . . . . Increase in dermai thic nes_san relectM y imits penetratlonto € aeeper muscie layer (appeanng S reSS Or epl e Ia urnove r-
radlatlon-lndUCEd Sk|n InJury red at the bottom of the trichrome image in (d)). Scale bars are 0.6 mm. ’ ) . o . . . . . .
This study investigates how sub-therapeutic ALA-PDT priming affects (1) early skin Th(ej corT|1tI?_|:at|on thcal.nlcail SCO”_TIg’ OCTdstructuraI lr::aglr?g, :chlckness ?(L]'cant'flcat'on’
toxicity, (2) structural skin changes, and (3) histological remodeling after CDR and UHDR _ _ . . _ ana multi |.mep0|n .IS o) ogY will provide a compr.e enswg .ramewor- | or
. . We plan to study the microscopical changes in the skin following regular RT and . T . understanding how microenvironmental perturbation modifies RT toxicity.
irradiation. . : . . : Figure 5. Timeline covering the span of 6-13 days post-RT for a
ALA-PDT RT to establish the mechanism behind the priming of the tissue .
mouse receiving 24 Gy CDR
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