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LQ model (brief overview)

LQ � Survival Fraction (SF) (Cells in vitro)

Effect = −log(SFn) ( where SFn = exp−nd(α+βd) )

E ≡ n2 · 2 · α
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LQ model (brief overview)

LQ � (SF ???) ((Geometrical Sparring Factor
(SBRT-SRS)))

There is a catch is this figure ... What is EFFECT ???
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LQ model (brief overview)

LQ � (SF ???) ((Geometrical Sparring Factor
(SBRT-SRS)))

We will retake this issue, but first a review of R.B. models
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Models (in vitro)

For a number N of clonogenic cells, SF depends on tissue α
β

[SFn]
LQ = e−n·d(α+βd)

TCP = e−N ·[SFn]LQ
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Models (in vitro)

For a number N of clonogenic cells, SF depends on tissue α
β

[SFn]
LQ = e−n·d(α+βd)

TCP = e−N ·[SFn]LQ

Kirkpatrick et al (2008)

Continuous bending −βd2

Underestimates SF over
10Gy/fr

i.e. Overestimate rad.
mediated cell killing

LQ Is Inappropriate to
Model High Dose per
Fraction in Raduisurgery
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Models (in vitro)

For a number N of clonogenic cells, SF depends on tissue α
β

[SFn]USC =

{
−e−n·d(α+βd), d ≤ D
−1
D0
· d +

Dq

D0
, d > D

TCP = e−N ·[SFn]USC

Park et al (2008) (USC Model)

Linearity on d at high dose/frac

Keeps a mechanistic view
(Multi-target)
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Models (in vitro)

For a number N of clonogenic cells, SF depends on tissue α
β

Other mechanistic models:

LQL Linear Quadratic Linear

(Guerrero 2004,2010)

RCR Repair-Conditionally Repair

(Lind 2003)

PLQ Pade Linear Quadratic

(Belkic 2013)

TCP = e−N ·[SFn]Model

Linearity on d at high dose/frac

Keep a mechanistic view

Fit well in-vitro data
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LQ critics

• (In-vitro) LQ overestimates effect of SRS
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The (conceptual) CATCH ...: In-vitro survival curves
(homogeneous dose levels) vs in-vivo (conceptual) survival curves

(inhomogeneuos dose distrib from Radiosurgery)
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LQ critics

The (conceptual) CATCH ...: In-vitro survival curves
(homogeneous dose levels) vs in-vivo (conceptual) survival curves

(inhomogeneuos dose distrib from Radiosurgery)
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LQ critics

Park et al (Review).”Little is known about the vascular changes in
human tumors treated with high-dose hypofractionated radiation
such as stereotactic body radio- therapy (SBRT) or stereotactic

radiosurgery (SRS)”
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LQ critics

H.J.Park et al (Review).”Denekamp estimated that one
endothelial cell subtends a segment of a tumor volume containing
as many as 2000 tumor cells (Fig. 6). Given that blood vessels are
serial tissues, sectional damage in a vessel may induce cessation of

blood perfusion throughout the affected vessel.”
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LQ critics

H.J.Park et al (Review). Most studies are Xenografts ...
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LQ critics

H.J.Park et al (Review). ... or direct small animal experiments.
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LQ critics

H.J.Park et al (Review). ... SBRT or do you mean SBRT ?.
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LQ critics

H.J.Park et al (Review). ... Mice and rats ?

Type Number of Studies

Human Conv (Cervix) 5

Human SBRT (NSCLC) 1

Xenograft 7

Small Animal 19

Total 32
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LQ supporters
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LQ supporters

Brenner 2008

useful properties for predicting isoeffect doses

mechanistic, biologically-based model (not mere empirical)

few parameters to be practical

validated up to 10 Gy/f (experimentally and theoretically)

evidence that it can work up to 18 Gy/f (2008)

widely used in clinical setting

Palanco-Zamora Re-irradiation in SBRT 6th September 13 / 44



Radiobiological Models Metrics: Effects, Constraints Reconstruction previous treatment(s) and new plan Dose Planning Delivery Strategy Final remarks

LQ supporters

Brenner 2008

[SFn]
LQ = e−n·d(α+Gβd)

DSBs repaired with rate constant λ = ln2
T0.5

G (λ, t) ∈ [0, 1] is the (protracted) repair time factor
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LQ for SRS and SBRT (YES or NO)

Heated debate going on
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LQ for SRS and SBRT (YES or NO)

Kirkpatrick

LQ assumes homogeneous
cell pop (tissue
microenvironment ?)

Local hypoxia in most
tumors (reduced
radioresponsiveness)

Parameters derived from
in-vitro and small-animal
experiments

Brenner

Varing radiosensitivity will
be included

Hypoxia ? Fractionate
then, allow reoxygenation.
Hypoxia can be modelled in
LQ

Those give a first
approximation of DSB
damage-repair mechanics at
different dose rates (Low
and high)
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LQ for SRS and SBRT (YES or NO)

Kirkpatrick (SRS 1F)

LQ assumes homogeneous
cell pop (tissue
microenvironment ?)

Local hypoxia in most
tumors (reduced
radioresponsiveness)

Parameters derived from
in-vitro and small-animal
experiments

Brenner (SRS F≥ 2, SBRT)

Varing radiosensitivity will
be included

Hypoxia ? Fractionate
then, allow reoxygenation.
Hypoxia can be modelled in
LQ

Those give a first
approximation of DSB
damage-repair mechanics at
different dose rates (Low
and high)
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LQ for SRS and SBRT (YES or NO)

Shuryak, Brenner 2015. LQ (including heterogeneity)
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LQ for SRS and SBRT (YES or NO)

Shuryak, Brenner 2015. LQ (incl. radiosensitivity heterogeneity)

[SFn]LQ = e−n·d(α+βd)

Start with the simple LQ survivall fraction
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LQ for SRS and SBRT (YES or NO)

Shuryak, Brenner 2015. LQ (incl. radiosensitivity heterogeneity)

[SFn]LQ = e−n·d(α+βd)

[SFn]LQhet =

∫ ∞
0

pdf
(
a|α, g

)
· [SFn]LQ · da

radiosensitive heterogeneous pop. of tumor cells (varying α )

a is a R.V. sampled from a Γ
(
a|, α, g

)
assuming sufficient inter-fraction time for complete DNA
damage repair
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LQ for SRS and SBRT (YES or NO)

Shuryak, Brenner 2015. LQ (incl. radiosensitivity heterogeneity)

TCP = e−N·[SFn]LQhet

[SFn]LQhet =

∫ ∞
0

pdf
(
a|α, g

)
· [SFn]LQ · da

Averaged SF

pdf
(
a|α, g

)
mean value = α

α (originally mechanistic par.) # optimized fitting
par.
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LQ for SRS and SBRT (YES or NO)

Shuryak, Brenner 2015. LQ (incl. radiosensitivity heterogeneity)
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LQ for SRS and SBRT (YES or NO)

Shuryak, Brenner 2015. LQ (incl. radiosensitivity heterogeneity)

If damage to vasculature correct ⇒ TCP should show a steep
response above 10Gy/f (not see in data)

USC, RCR and PQL (unique high-dose/f kill mechanisms) fit
the data much worse than the heterogeneous LQ formalism
which assumes the same mechanisms at all doses

Based on data multi-fraction brain SRT was pre- dicted to
produce slightly better TCPs than single-fraction treat- ments
for brain metastases. These conclusions are consistent with
expected effects on hypoxic tumors, where fractionation
allows tumor reoxygenation between fractions
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LQ for SRS and SBRT (YES or NO)

Shuryak, Brenner 2015. LQ (incl. radiosensitivity heterogeneity)

Comment: since α and α
β are optimized fitting parameters are

they (unintended) accounting for the damage of tumor
vascularity for high dose/f ?

Palanco-Zamora Re-irradiation in SBRT 6th September 15 / 44



Radiobiological Models Metrics: Effects, Constraints Reconstruction previous treatment(s) and new plan Dose Planning Delivery Strategy Final remarks

LQ for SRS and SBRT (YES or NO)

Dörr et al 2017
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LQ for SRS and SBRT (YES or NO)

Dörr et al 2017 (on LQ)

The LQ model describes the relationship between total
isoeffective doses and dose per fraction

Estimates of effectivity/toxicity after changes in dose per
fraction and total dose

LQ model at the tissue or endpoint level is not based on
radiobiological mechanisms, such as target cell survival

LQ at tissue or endpoint level is mathematical fit of the
change of dose effect curves or the incidence of
treatment adverse effects, if doses per fraction doses are
modified
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LQ for SRS and SBRT (YES or NO)

Dörr et al 2017 (on NTCP and QUANTEC)

NTCP models based on DVH reduction

NTCP ignore regional differences in radiation sensitivity

endpoints and symptoms of late radiation damage do not
occur in tissue volumes but in specific, sensitive
structures, and that radiation damage to different
substructures in the same organ leads to different
pathophysiological endpoints

Tolerance doses in EQDx need to be defined for individual
endpoints, rather than OAR in general

previous or additional chemotherapy may impact on the
function of the un-irradiated organ volume.
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Metrics: Effects, Constraints

Let’s make a gedankenexperiment now ...
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Metrics: Effects, Constraints

Use the TPS to irradiate patches of 2 x 2 cm
homogenouesly and different dose levels (1 - 10 Gy) in 1 fraction
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Metrics: Effects, Constraints

EQD23 dose patch (Petri) represents the SF n2 2Gy/f
≡ SF physical dose administed in 1 frac.
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Metrics: Effects, Constraints

EQD23 dose patch (Petri) represents the SF n2 2Gy/f
≡ SF physical dose administed in 1 frac.
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Metrics: Effects, Constraints

EQD23 dose patch (Petri) represents the SF n2 2Gy/f
≡ SF physical dose administed in 1 frac.
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Metrics: Effects, Constraints

Let’s make a gedankenexperiment now ... with voxels
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Metrics: Effects, Constraints

If voxels are considered Petri ... Niemierko 1996 proposed a metric
(EUD concept)
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Metrics: Effects, Constraints

EUD ( one-to-one SF ↔ EUD ↔ TCP ). Use: complementary
figure of merit for CTVmin or OARmax
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Metrics: Effects, Constraints

EUD ( one-to-one SF ↔ EUD ↔ TCP ). Use: a single-value that
feeds TCP/NCTP formulas.
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Metrics: Effects, Constraints

EUD ( one-to-one SF ↔ EUD ↔ TCP ). But: no 3D visualization,
all parts of Target / OARs weight the same.
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Metrics: Effects, Constraints

EUD ( one-to-one SF ↔ EUD ↔ TCP ). But: no 3D visualization
⇔ many dose distrib. can have same EUD.

Question: can we determined experimentally SF at volume unit vi
after each administer fraction ?. Answer is ...
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Metrics: Effects, Constraints

Question: can we determined experimentally SF at volume unit vi
after each administer fraction ?. Answer is ... NO
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Metrics: Effects, Constraints

A clonogenic colony of cells in-vitro does not display all the
”tricks” that cancer cells master ... ⇔ SFpat ?
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Metrics: Effects, Constraints

Same argument applies to healthy cells in-vitro, versus healthy cells
conforming a tissue and in turn and organ
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Metrics: Effects, Constraints

Question: can the concept of SF be used as a metric that
bridges the intracellular effect of radiation (mechanistic

models) to the extracellular macrospcopic effect of radiation at
organ level (effects, end points) ?.

In fact, LQ based EQDXα
β

is used as a 3D-metric ( in as much as

EUD ) if we see now α and α
β as fitting parameters ( W. Dörr ).

Can rely on QUANTEC for this metrics but looking at specific end
points and not only organ. Needs a revision (only 4 institutions

involved) ( W. Dörr )
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Metrics: Effects, Constraints

Applying EQDXα
β

voxel by voxel ...

Each voxel (grid) ⇔ different ] fractions in X Gy/frac

.
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Metrics: Effects, Constraints

Applying EQDXα
β

voxel by voxel ...

Used as a navigational tool only... Have to be aware of the kind of
challenge we have

and take extra precautions ...Foreseable events

.
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Metrics: Effects, Constraints

Applying EQDXα
β

voxel by voxel ...

Used as a navigational tool only... Have to be aware of the kind of
challenge we have

and take extra precautions ... unforeseable events

.
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Metrics: Effects, Constraints

Applying EQDXα
β

voxel by voxel ...

Used as a navigational tool ... but where is the coast ? (e.g. Grim
et al )

.
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Metrics: Effects, Constraints

Applying EQDXα
β

voxel by voxel ... RE-IRRADIATION

Used as a navigational tool only... Have to be aware what we are
looking at

.
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Metrics: Effects, Constraints

Applying EQDXα
β

voxel by voxel ... RE-IRRADIATION

Used as a navigational tool only... Have to be aware what we are
looking at

.
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Metrics: Effects, Constraints

Applying EQDXα
β

to compare different schools of practice

.
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Metrics: Effects, Constraints

EQDXα
β

voxel by voxel ... RE-IRRADIATION

Best figures of merit for plan evaluation of a treatment ? Used as
a navigational tool only... Have to be aware what we are looking at

.
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Metrics: Effects, Constraints

EQDXα
β

voxel by voxel ... RE-IRRADIATION BED in GK not can

be different from BED Linac

.
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Metrics: Effects, Constraints

EQDXα
β

voxel by voxel ... RE-IRRADIATION BED in GK not can

be different from BED Linac

.
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Metrics: Effects, Constraints

Recap so far ...

Is it LQ appropiate for SBRT ?

It is a reasonably good

Widely used

Don’t look upon the mechanistic view (at times ...)

Use EQDXα
β

as metric (fitting par. α and β)

Which figures of merit ?. BED, EQD2

No QUANTEC for RE-IRRAD. Addition BED in 3D (with
time corrections) only tool we have
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Reconstruction: planned vs potentially deliverable

Understanding SBRT prescription ...

planned vs potentially deliverable
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Reconstruction: planned vs potentially deliverable

Understanding SBRT prescription ...
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Reconstruction: planned vs potentially deliverable

Understanding SBRT prescription ...
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Reconstruction: planned vs potentially deliverable

Understanding SBRT prescription ...
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Reconstruction: planned vs potentially deliverable

Understanding SBRT prescription ...
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Reconstruction: planned vs potentially deliverable

Understanding SBRT prescription ...
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Reconstruction: planned vs potentially deliverable

What is the dose at OAR ?. Use dose-metrics  effects
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Reconstruction: planned vs treated (Liver-Artifacts)

What does the target/OAR look like ...

planned vs potentially doing something else
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Reconstruction: planned vs treated (Liver-Artifacts)

Liver Contrast (Aorta phase 15 s) ...
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Reconstruction: planned vs treated (Liver-Artifacts)

Liver Contrast (Porta phase 30 s) ...
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Reconstruction: planned vs treated (Liver-Artifacts)

Which ? ( extra observations, Average CT ) ...

Palanco-Zamora Re-irradiation in SBRT 6th September 24 / 44



Radiobiological Models Metrics: Effects, Constraints Reconstruction previous treatment(s) and new plan Dose Planning Delivery Strategy Final remarks

Reconstruction: planned vs treated (Liver-Artifacts)

Which ? ( extra observations, Average CT ) ...
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Reconstruction: planned vs treated (Liver-Artifacts)

Which ? ( extra observations, Average CT ) ...
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Re-irradiation: conventional + SBRT

Case: pre-op recti 5Gy x 5

Recurrence: 10Gy x 5 at 70%
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Re-irradiation: conventional + SBRT

Study plan ...
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Re-irradiation: conventional + SBRT

Margins: Intrafraction motion (CT-CT 10 min at PET/CT unit)
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Re-irradiation: conventional + SBRT

Margins: Intrafraction motion (CT-CT 10 min at PET/CT unit)
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Re-irradiation: conventional + SBRT

Margins: Pre-plan CBCT (expect seeing vs. actually seeing)
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Re-irradiation: conventional + SBRT

Plan Evaluation: 3D-dose distrib (EQD23)
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Re-irradiation: conventional + SBRT

Plan Evaluation: Sum 3D-dose distrib (EQD23)
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Re-irradiation: conventional + SBRT

Plan Evaluation: Sum 3D-dose distrib (EQD23)
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Re-irradiation: conventional + SBRT

Plan Evaluation: Sum 3D-dose distrib (EQD23)
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Re-irradiation: conventional + SBRT

Remember the gedankexperiment? ? (EQD23 as a metric)
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Optimization: the cost function

QUESTION....actually....”THE QUESTION”

Is there a really good plan (near optimal) for these:

particular set of delineated structures ?

particular set of constraints ?
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Optimization: the cost function

QUESTION....actually....”THE QUESTION”

Is there a really good plan (near optimal) for these:

particular set of delineated structures ?

particular set of constraints ?

Part of the answer lies in cost function and its minimization
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Optimization: the cost function

Definition of cost function

FA
i =

wA

MA

MA∑
k=1

c(k)
[
DA
p (k)− DA

i (k)
]2

(E.g.: Spirou 1997,Bortfeld 2003,..., ICRU 83)

i = ith iteration
k = kth voxel
MA = number of voxels in structure A
wA = priority (penalty) for structure A
DA
p = Objective (Dose) for structure A

c(a(k)) = a switch (0,1)
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Optimization: the cost function

Definition of cost function

FA
i =

wA

MA

MA∑
k=1

c(a(k))
[
DA
p (k)− DA

i (k)
]2

(E.g.: Spirou 1997,Bortfeld 2003,..., ICRU 83)

For OARs:

c(a(k)) =

{
1, if a(k) ≡

[
DA
p (k)− DA

i (k)
]
< 0.

0, otherwise.

... even a voxel can make this not converge (HARD CONSTRAINT =
CANNOT BE VIOLATED)

... HARD CONSTRAINTS (not user steered in Eclipse) apply to Machine Par.:
inst.gantry speed, mlc speed, mlc over travel, fluence rate, ... )
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Optimization: the cost function

Definition of cost function

FA
i =

wA

MA

MA∑
k=1

c(a(k))
[
DA
p (k)− DA

i (k)
]2

(E.g.: Spirou 1997,Bortfeld 2003,..., ICRU 83)

For OARs:

c(a(k)) =

{
1, if a(k) ≡

[
DA
p (k)− DA

i (k)
]
< 0.

0, otherwise.

... even a voxel can make this not converge (HARD CONSTRAINT =
CANNOT BE VIOLATED)

... HARD CONSTRAINTS (not user steered in Eclipse) apply to Machine ar.:
inst.gantry speed, mlc speed, mlc over travel, fluence rate, ...
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Optimization: the cost function

Definition of cost function

FA
i =

MA∑
k=1

c(a(k))
[
DA
p (k)− DA

i (k)
]2

(E.g.: Spirou 1997,Bortfeld 2003,..., ICRU 83)

For OARs:

c(a(k)) =

{
1, if a(k) ≡

[
DA
p (k)− DA

i (k)
]
< 0.

0, otherwise.

wA no use
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Optimization: the cost function

Definition of cost function

FA
i =

MA∑
k=1

c(a(k))
[
DA
p (k)− DA

i (k)
]2

(E.g.: Spirou 1997,Bortfeld 2003,..., ICRU 83)

For OARs:

c(a(k)) =

{
1, if a(k) ≡

[
DA
p (k)− DA

i (k)
]
< 0.

0, otherwise.

wA no use

HARD CONSTRAINT
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Optimization: the cost function

Definition of cost function

FA
i = wA

MA∑
k=1

c(a(k))

[
1√
MA

DA
p (k)− 1√

MA
DA
i (k)

]2

(E.g.: Spirou 1997,Bortfeld 2003,..., ICRU 83)

For OARs:

c(a(k)) =

{
1, if a(k) ≡ 1√

MA

[
DA
p (k)− DA

i (k)
]
< ε.

0, otherwise.

... Now CONSTRAINT (SOFT) CAN BE VIOLATED with fixed tolerance ε

... If MA −→∞ then CONSTRAINT easily fullfilled

... If MA −→ 0 then CONSTRAINT approaches to a HARD CONSTRAINT
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Optimization: the cost function

Definition of cost function

FA
i = wA

MA∑
k=1

c(a(k))

[
1√
MA

DA
p (k)− 1√

MA
DA
i (k)

]2

(E.g.: Spirou 1997,Bortfeld 2003,..., ICRU 83)

For OARs:

c(a(k)) =

{
1, if a(k) ≡ 1√

MA

[
DA
p (k)− DA

i (k)
]
< ε.

0, otherwise.

... Now CONSTRAINT (SOFT) CAN BE VIOLATED with fixed tolerance ε

... If MA −→∞ then CONSTRAINT easily fullfilled

... If MA −→ 0 then CONSTRAINT approaches to a HARD CONSTRAINT
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Optimization: the cost function

Definition of cost function

FA
i = wA

MA∑
k=1

c(a(k))

[
1√
MA

DA
p (k)− 1√

MA
DA
i (k)

]2

(E.g.: Spirou 1997,Bortfeld 2003,..., ICRU 83)

For OARs:

c(a(k)) =

{
1, if a(k) ≡ 1√

MA

[
DA
p (k)− DA

i (k)
]
< ε.

0, otherwise.

... Now CONSTRAINT (SOFT) CAN BE VIOLATED with fixed tolerance ε

... If MA −→∞ then CONSTRAINT easily fullfilled

... If MA −→ 0 then CONSTRAINT approaches to a HARD CONSTRAINT
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Optimization: the cost function

Cost function Str A

� . . . � FA
i = wA ·

MA∑
k=1

c(k) ·
[

1√
MA

DA
p (k) − 1√

MA
DA
i (k)

]2

Step function (switch)

Prescribed (or Limit) dose

Priority (penalty)
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Cost function Str A
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Optimization: the cost function

Cost function Str A

� . . . � FA
i = wA ·

MA∑
k=1

c(k) ·
[

1√
MA

DA
p (k) − 1√

MA
DA
i (k)
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Step function (switch)

Prescribed (or Limit) dose

Priority (penalty)
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Optimization: the cost function

Cost function Str A

� . . . � FA
i = wA ·

MA∑
k=1

c(k) ·
[

1√
MA

DA
p (k) − 1√

MA
DA
i (k)

]2

Step function (switch)

Prescribed (or Limit) dose

Priority (penalty)

Palanco-Zamora Re-irradiation in SBRT 6th September 33 / 44



Radiobiological Models Metrics: Effects, Constraints Reconstruction previous treatment(s) and new plan Dose Planning Delivery Strategy Final remarks

Optimization: the cost function

�� . . . � FA
i = wA ·

MA∑
k=1

c(k) ·
[

1√
MA

DA
p (k) − 1√

MA
DA
i (k)

]2
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Optimization: the cost function

�� . . . � FA
i = wA ·

MA∑
k=1

c(k) ·
[

1√
MA

DA
p (k) − 1√

MA
DA
i (k)

]2

Palanco-Zamora Re-irradiation in SBRT 6th September 34 / 44



Radiobiological Models Metrics: Effects, Constraints Reconstruction previous treatment(s) and new plan Dose Planning Delivery Strategy Final remarks

Optimization: the cost function

�� . . . � FA
i = wA ·

MA∑
k=1

c(k) ·
[

1√
MA

DA
p (k) − 1√

MA
DA
i (k)

]2
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Optimization: the cost function

... Don’t forget that tolerance ε ∝ MA (Structure size)

�� . . . � FA
i = wA ·

MA∑
k=1

c(k) ·
[

1√
MA

DA
p (k) − 1√

MA
DA
i (k)

]2
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Optimization: the cost function

... Don’t forget that tolerance ε ∝ MA (Structure size)

�� . . . � FA
i = wA ·

MA∑
k=1

c(k) ·
[

1√
MA

DA
p (k) − 1√

MA
DA
i (k)

]2
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Optimization: the cost function

... Don’t forget that tolerance ε ∝ MA (Structure size)

�� . . . � FA
i = wA ·

MA∑
k=1

c(k) ·
[

1√
MA

DA
p (k) − 1√

MA
DA
i (k)

]2
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Optimization: cost function and structures

Some voxels undergo action of 3 or more Objetive Func (OF)
acting (ambiguity/contradiction)

!= + +
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Optimization: cost function and structures

Simple example: consider this 3 structures
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Optimization: cost function and structures

If structures are disjoint then each voxel belongs only structures
with common goals (same OF) (no ambiguity/no contradiction)

= + +
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Optimization: cost function and structures

Another example. OF for this PRVs (orange and yellow) is
ambiguos as for Upper constraints ...

!= + +
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Optimization: cost function and structures

...The OF for PRVs (orange and yellow) is now no ambiguous as
for Upper constraints ...

= + +
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Optimization: cost function and structures

Cost Function is shaped by the structures and constraints
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Optimization: cost function and structures

Minimizing the Cost Function (walker analogy)
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Optimization: cost function and structures

Convergence to different minima with different algorithms ...
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Optimization: cost function and structures

Convergence to different minima with different algorithms ...

TRUE BUT
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Optimization: cost function and structures

Convergence to different minima with different algorithms ...

HAS NOT BIG IMPACT once the no. fields and directions is set
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Optimization: cost function and structures

Just state clearly and succintly what you want ...

SUCH AS THIS ...
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Optimization: cost function and structures

Just state clearly and succintly what you want ...

AND LIKE THIS ... We care about the final dose distribution and
the fullfilled constraints
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Constraints and Plan Evaluation

For plan evaluation: recalculate plan with 1 mm voxel size
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Constraints and Plan Evaluation

Large voxel sizes smear out (volume effect) dose gradient zones

Palanco-Zamora Re-irradiation in SBRT 6th September 38 / 44



Radiobiological Models Metrics: Effects, Constraints Reconstruction previous treatment(s) and new plan Dose Planning Delivery Strategy Final remarks

Constraints and Plan Evaluation

Volume effect and calc. grid. AAPM TG-101 ( ≤ 2 mm )
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Constraints and Plan Evaluation

Beware slice thickness!. Transfer of thin structures between 3D
images
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Delivery Strategy

Strategy as a team

Specialized team for SBRT (clinical ronds)

Team must be well aware of the treatment’s goal

On-line match team must know the strategy to achieve
that goal

Team must have an understanding on the performance of
fix systems

Team must have an good understanding on the
performance of imaging systems

Reconstruction of fractions that differ from planned and
matched
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Delivery Strategy

Case 1: Rotations and matching tumor (at what cost) ?
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Delivery Strategy

Case 1: Rotations and matching tumor (at what cost) ?
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Delivery Strategy

Case 1: Rotations and matching tumor (at what cost) ?
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Delivery Strategy

Case 1: Rotations and matching tumor (at what cost) ?
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Delivery Strategy

Case 1: Rotations and matching tumor (at what cost) ?
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Delivery Strategy

Case 2: Rotations and matching tumor (at what cost) ?
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Delivery Strategy

Case 3: Based-line shifts and tumor match (at what cost) ?
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Delivery Strategy

Case 3: Based-line shifts and tumor match (at what cost) ?
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Delivery Strategy
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Delivery Strategy

Case 3: Based-line shifts and tumor match (at what cost) ?
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Final remarks
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THANK YOU
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