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What we know

High-dose radiation Kills

Low-dose: multiple adaptive response
mechanisms

Acute adverse health effects are fast
(hours)

Adaptive response (protection)
* may switch on within hours or days
* may last weeks and months
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Irradiation

Adaptive response

Adaptive response

Apoptosis
Detoxification DNA repair Immune response
Apoptosis Cell proliferation

Hours Days Weeks Months

Adapted from:
Feinendegen et al. (2007)
Exp. Hematol. 35, 37-46
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Hypothesis:

IRRADIATION
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Hypothesis: critical damping
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Data: rats, 400 R
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Data: rats, 400 R
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Data: mice
survival after pre-irradiation
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Hypothesis:
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Assumption #2: second pulse
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Effect of dose fractionation
hypotheS|zed doses and times
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Effect of dose fractionation
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Continuous irradiation limit

nl Yl all all) PR

/ / / Continuous

irradiation

Minimal permissible level

- Dose rate r =1.0, n =1 puIs.e(s)lT0

Continuous irradiation: Three parameters:
( - Time scale T,
u(t) = —r —u(r) + v(r) » Damage threshold

 Response f

\1}(1) =B x1— (1)
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dxX a:

dl
dt
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Existing math model
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Effect of dose rate
hypothesized doses and times
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Adaptive response and
radiation therapy (RT)

» RT side effects are important

* Dose fractionation is commonly used to
mitigate the side effects; however, no kind
of training has been reported

* By whole-body irradiation we hope to
increase radiation resistance of the body,
but NOT of the tumor
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How to achieve high value of u without
crossing the "red line" of irreversible damage?
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— to Increase radiation rate r while u = -1!
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Radiation training

Z60F :

L2 Assumptions:

()]

§4o— 1 To=2weeks

< u=-1: 25 cGy
820 :

>

30

(@)
o
o

N
o
o

Cumulative dose (cGy)
N
o
o

o

0 5 10 15 20 25 30
Time (days)

23 Low-dose PTBR symposium, Kielce 18.09.2019



Problems with the model

* No limit for maximal achievable effect

* Too high value of tolerance dose rate
r~5 -
5x25 = 125 cGy °|
125 /14 = 9 cGy/day 4
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Tolerance dose-rate:
dogs’ mortality
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Nonlinear response

* Monod equation: microbial growth
* Michaelis—Menten equation:
enzyme Kinetics

Reaction rate

Substrate concentration
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Hypothesis:

Adaptive Response

Cumulative Radiation Dose
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Approximation:
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Analytical result
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Pro and contra

* Pro

» analytical tool, one parameter added (D)

* logical result for radiation training efficiency

limit

* no change for results with total dose below D,,
* Contra

 crude biological model

« crude math approximation

* no explanation for tolerance dose rate

30 Low-dose PTBR symposium, Kielce 18.09.2019



Future directions

* Introduce smooth Monod-like response

* Add parameter to connect tolerance dose
(acute) with tolerance dose rate

 Tune the model based on future data
Experimentalists, pleasel!!!
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Conclusions

* Rather simple math model for adaptive
response developed

* Practical ideas for “radiation training” in
radiation therapy

« Experimental data are urgently needed!

|
frant Y
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