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Tria ﬁr Organ Which exhibits

LWOXIGIAIRNACLIVItY: escalation
SLiEyAISIcalled the critical organ
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SEREdImarrow is the critical
== 0rdaniin most treatments
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= & Administering the maximal
E activity under safety conditions
for the critical organ is one

possible planning stategy

BUT maximizing the injected
activity does not guarantee the
therapeutic success

Efficacy; oriented dosimetry

-

L.esion destruction requires
dose threshold overcoming

Poor data about threshold
values

Necessity of imaging

Lesion dosimetry alone is not
safe
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o Ideal étment planning
| f-‘-'" ‘ Prevision in multiple
BVEndatory. in phasel studies administration therapies (not

—— for tumor)

e Useful as a first historical step
for data collection

S=e=Possible mismatch between
= Previsions& actual kinetics Ny _
diiring therapy (data are Exact kinetics during therapy
lacking !) Ethical when toxicity is known
Dead time problems
e (Demanding for out patients) Easy for hospitalised patients
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= _7Total Body dosimetry
— Allows for TB quantification

Easiest to put in practice
For red marrow dose, additional blood sample are necessary

Planar imaging for dosimetry:
Allows for WB quantification
Easier to put in practice than SPET
Most often based on the conjugate views method







& methods

BRIESEaUTIENT: SPECLFOSEOPIC probe, gammacamera WB counts

;)erdj; » 10'mm Pb shielded spectroscopic probe with GBqg of 131-I; low
SENSILVI Gelger

l)~ Cali 7 1st count without mlcturltlon after administration of known (measured)
== d -t4v1ty corresponds to FIA(0)=1
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—Subsequent counts give activity proportional to cps

e

Geometric mean of ANT/POST
Fixed geometry ( > 2 m distance) & background subtraction are mandatory
Fixed biological conditions: count immediately after micturition (except 1st count)

Choose proper count duration to get low statistical error (< 5%)




& RADAR*

®m MIRDOSE3
——Fit (RADAR)
——Fit (MIRDOSE3)

Patient weight
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- WEe d staff

”caTers can take
-measurements,
without entering
the shielded
room

Courtesy of G. Flux - Royal Marsden Hospital - Sutton (UK)




TB counting™
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Cost for high activity measurements - <€1000
(eg mini-instruments MC70 low sensitivity + scale ratemeter)

Courtesy of G. Flux - Royal Marsden Hospital - Sutton (UK)
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- 05|metry and urlnary
(¢ etlon

If feca
JIBIdECa) corrected activity and

r:Jr IEtive trinary: decay: corrected
ylty arercomplementary.

-

BSEB DC FIA(t) + URINE DC FIA(t) = 1

o= e evaluation of urinary bladder
residence time allows dosimetry to
pelvic organ:

— Urinary. bladder wall
— Uterus (fetus)

— Qvaries

— Lower large intestine
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SaliBration & Corrections are required
MIRD) L83 Siaeal gt b Nuel Meel b 2 )ciZs=aiks)
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i _bton attenuation in patient body

;;Background of- overlapping structures

= ', Scatter

Self absorption of source object

Partial volume effect for small objects

Dead time count losses (only after therapeutic activity)




e d is often unknown




= (Conjugate VIEw technigue was
developed to remove the
dependece on d

® G (geometrical mean) is

iIndependent on the depth of
the source

® This is true is under ideal
conditions (MIRD 16) of
absence of scatter,




This formula is valid for point sources
It removes dependency on d
Still requires e, T, C

Slide 16




AttenUation correction -
IREENjUgate view —
Eramplewith 131l

SWEmEEd|the attenuation factor ACF

=

_—' = ACE() = Io/T = exp(u(*1) T/2)
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IRD 16 asks a transmission with 1311, which is cumbersome
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e A much more practical approach is to use a flood source (°°™Tc
fillable source or even better, >’Co flood source)

e Perform a blank and a trasmission scan with >”Co

ACF( ) = I/I = exp( T/2)
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AGERLACION Correction

IIREORjUgate VIEW
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57Co blank scan 57Co trasmission scan




Alternate possibility: (T scan... Slide 19

Transmission scan Blank scan




5760 Attenuation correction
3 - - . j'
lIRcORjUgate View ~

For Cobalt-57
Liver ACF =+v7.1
Lung ACF =v3.3

57Co transmission scan
57Co blank scan




-

<‘ mple 151-1 Liver attenuatlen pr

correeileaiia comugate V|ew

0 ,&(“F(57 ) =VZ1T="EXE p
J Jéfum — T
0 Jéfuu u( 54— ACF (*°11)
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o c oal of the blank&trasm scan is to get the water

yalent patient thickness T averaged over the organ

gihe
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2 :quuwaIent relationship

—

ACF(131]) = w( 1311I) /

o u( *3I) must be experimentally determined for each system

e Two preliminary transmission calibration are necessary




" A\ddiwater at fixed step
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SO/ ( i'-ﬂood on the bottom head
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Praw ROI on the sequence of
transmission images

57Co transmission
calibration in water

y = 16989415

1000000

100000

ROI counts

10 15 20 25

Variable water thickness (cm)

5




s
Linez
never

SN ENVAI IES O N(PZE0) (=== are always measured’is good
geomg CoNnAItions, I.e. narrow: beam

er camera and extended organs give bad geometry, I.e. broad
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Id Up: effects (scatter) decrease the attenuation coefficient
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== u(57Co), w(*31D) must be measured for each equipment




5 Thie secorie anel gotentzilly pogt serousde e eoi
rjl ptification With planarimages

J _r 3 amount oft background activity is strongly.
[Ependent upon the kinetics of the
== ?d|opharmaceutlcal and on the object/BKG ratio
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== % \Vorst case: antibodies (slowest kinetics)
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e A ROI adjacent to the object gives the BKG counts

e Normalization for object and BKG ROI areas are
necessary




Tria srigtnidel of RECelrz)yilef, doirl ol arefzlnls zllel i<y
PaGKGrEUNG; Strongly affects the planar guantification
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SRNDERERUENCE UPON  Operator: is known

,,__‘

:-In conJugate view technique, anterior and posterior
-’ROIs should be identical and mirrored

Background ROI should be a narrow C shaped border
averaging background over the sources of high or low
background




1HTn-hLL2 ANTI CD22
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4 ROIs
For each source organ

for each time point
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:—-" Counts In the triangular area are subtracted from the
~ peak

- Isc corrected — I20% — K IZ

e K'is usually 2 (rather arbitrary choice)
® Proper correction when there is nothing beyond the peak




PIeIEMmIWIth BT imading
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= High energy gamma
Emissions:

364 keV: 81.7%

637 keV: 7.2%
/23 keV: 1.8%
Septal penetration !

Spectrum tail beyond
the peak




A(1) = contribution
des hotons dlfoSCS

'l!_ |'\
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I corrected = Liso, = V2 Isc Wpeak/Wscatter

) is'c is the sum of counts in the two lateral windows

e Jf the total scatter window amplitue Wscatter = 2 Wpeak

Isc corrected — I15% ISC

® Proper correction when there is something right of the peak
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Scatter.

- )r:l backs IMage noise amplification following
Jrr ges subtraction
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= -J o problem IN high statistics post therapy images
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= o Accurate scatter correction with multi peak
’ emitters is more complicated




EXemiple.of I EW Scatter ConeCuonmes
ISASINIIBE therapy oiftiyroId meduliarsCApI:
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= For larger sources:

thickness t
linear attenuation coefficient p

And the effective linear attenuation
coefficient pe is:

Slide 33
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Variation of f in water

LUND

— 1
317 0.106

111Tn 0.11
PmTc  0.124

6 8 10 12 14 16 18 20

thickness (cm)

0 2 4
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Contrast

Object dimension

Spatial resolution

Structures <2-3 FWHM




Reduced effect after
scatter correction
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6. CoL drnera dead
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,)arh,r- AOSIMELRYANNECESSAy as historical
SIEAE mMUSE De sure to' have identical
GIEENOSEC & therapy: phase behaviors

131-I mIBG 6 h p.i. 8.9 GBg




BRGEE= N without DT / N with A(MBg CF
DS
ER@itesimple method 37 1.00

190 1.04
373 I.11
557 .17
750 1.26

® Practical drawback:
overlapping with patient’s
arm

® Problem of ROIs across 2
FOVs




IIENEEEINSIUERVESHENHTETCOUTL 131-1 TOSHIBA 7200
IGLENTONItE ObSErvedicount rate COUNT RATE CHARACTERISTIC
ANsreliminany calibration with high
geuVILYAOR Phantom IS necessary.
SENEChiaracleristic curve depends
BPERhE spectrum shape, i.e. on

& thiciscatterfraction, i.e. upon the
«-:geometry of the phantom VS
:p“atlent

& &= Jhe use of 2 energy window in
demanding LIST mode gave the
best results

’-

Gammacamera observed rate

e |Not applicable beyond the peak

® Appllcable Only if WB Step&ShOOt ’ 0E+00 5E+04 1E+05 2F+05 2EF+05 3F+05 3E+05
is available (GE gamma-cameras) Gammacamera true rate
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J ‘i"mage manipulation

SINOIIEEd of high activity phantoms

eNomeed of list mode

o —er
s
-

;}’ SA seguential correction is applied to each FOV starting from
_;-",.' —feet Where no deadtime is present

= The ratio of counts the last rows of pixel in the n and n+1 FOV
| IS taken as correction factor

e Applicable beyond the peak

' -




ARPISICATION:
dihyroid CA metastasis
131-I'Ay =il 1 MBg

Lung lesion

e=ge="\NITHOUT dead time
correction

=0==\N/[TH dead time
correction

72 3% 120 144 168 192 216
h
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R r]Jr 95, S Baechler, 'S Senthamlzhchlvan AR
Pricl aux CE Esaias, M Reinhardt, EC Frey, DM
Loge) fand G Sgouros

r\ gemma camera count rate saturation correction
S method for whole body planar imaging

hys Med Biol 55 (2010) 817-831




JJrrar' t'MEethods are
,)rJr)r Py MIRD 16

- J,JJ aIIy the main difference
J *]ng drKAEWNI SOUrCce In air or
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= “: The latter approach
(pseudoextrapolation number)

is closer to the clinical
condition

® ScanforT,=0,4,8 ...cm




T (T)I.(T
T, i Dl exp(-u("1 /247, = [0 ) Ly

- v
TR it

BRGIVEN A, (kBA), plot v, (Tn)I,(Tn)/At
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f;?.é_;éft_lstatic scan duration (min); I,(Tn)I(Tn) counts

- & An exponential is obtained

® The value for T=0 is the extrapolated calibration factor in water,
which includes the scatter contribution

® The value of u(1311) is twice the exponent coefficient




=

1311 Calibration

35— —after TEW scatter correction

3.0
o =25 2 ® !n V\{ater
:§ g )0 O |n air
S X % — Espo. (inwater)[
2 E1p T
) 10 y = 3,1978¢ %025 \.\.\

’ R? = 0.9997 -
0,5 s
0,0 T T T T T
0 5 10 15 20 25

Water thickness X (cm)
[Source at half thickness]

The sphere in air still is out of the curve:

TEW scatter correction cannot solve the scatter problem



SOMEAUEN0r Obtain the calibration factor C as ratio between total

CPITINN the first scan (without micturition) and the known injected
chm | Wlthout considering WB ACF

d

T—

_J .T'JACF must be included, but

—

.. = hIS calibration factor depends on the biodistribution, through the
— "'." attenuation

—

Slow organ uptake (antibodies): arms & legs with low attenuation
overestimate C to be applied to trunk

Fast organ uptake (radiopeptides): dependence of C on the first
scan time
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