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Neuroendocrine tumors have annual incidence of 2 ¢ases per one hundred thousand inhabitants. The
"Lu-DOTA-octreotate treatments in 3 or 4 cycles hasn effective in controlling disease progression
and, in some cases, promote tumor remission. Tima® radiation side effects in healthy organs,gena
quantification technigques have been broadcastnidividualized patient dosimetry. In this paper, gaa
data processing methods are presented to allowimgparisons between different image conjugate views,
combined with attenuation correction and systensisigity. Images were acquired 24, 72 and 192 araft
administration of 74GBq of’’Lu-DOTA using a dual-head gamma camera detectistesy and they
were evaluated with ImageJ software. 4 female pegi@nderwent to two cycles of treatment. The
kidneys, liver and whole-body regions of interesrevseparately assessed by 4 techniques for counts
method and 12 techniques for pixel intensity methmzhsidering the main photopeak separately and
aided by the attenuation correction map and adfasamows to photopeak energy. The pixel intensity
method was combined with mathematical correctianpigels with null value. The results obtained by
the two methods were strongly correlated (r>0.9)0(p01). The paired t-test accepted the null hypsith

of compatibility between the two methods (with amithout attenuation correction map) (p<0.05), but
rejected it when the adjacent windows were combiida significant tumor reduction (p>0.05) was
found between the treatment cycles. In conclugtom pixel intensity method is faster and allows roac
minimizing operator error, and may optimize dosién tumor therapies with ’Lu-DOTA-octreotate.
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Os tumores neuroenddcrinos tém uma incidéncia afeuala 2 casos por cem mil habitantes. Os
tratamentos 177Lu-DOTA-octreotate em 3 ou 4 citdos sido eficaz no controlo da progressdo da
doenga e, em alguns casos, promover a remiss@mo.tPara estimar os efeitos da radiagdo colaterai
em oOrgdos saudaveis, técnicas de quantificacamalgeins foram transmitidas para dosimetria paciente
individualizado. Neste artigo, os métodos de preseento de dados de imagem sao apresentados para
permitir a comparacao entre os pontos de vistaadifes de imagem, juntamente com conjugados de
correcao de atenuacao e sensibilidade do sistesniamagens foram adquiridas h 24, 72 e 192 apés a
administracdo de 74GBq de 177Lu-DOTA usando um-dalabca gama sistema de deteccdo de camera e
eles foram avaliados com o software ImageJ. 4 psalo sexo feminino submetido a dois ciclos de
tratamento. Os rins, figado e corpo inteiro regiemteresse foram avaliados separadamente por 4
técnicas para o método de contagem e 12 técnicaebelo de intensidade pixel, considerando-se o
principal fotopico separadamente e ajudado pelcamaprecdo de atenuacéo e janelas adjacentes ao
fotopico de energia. O método de intensidade del fix combinado com correcdo de matematica para os
pixels com valor nulo. Os resultados obtidos pdlus métodos foram fortemente correlacionados (r>
0,9) (p <0,001). O teste t pareado aceitou a hedhella de compatibilidade entre os dois métodus &
sem correcao de atenuacao mapa) (p <0,05), mgstaweuando as janelas adjacentes foram
combinados. Nenhuma reducao significativa do tufp®r0,05) foi observada entre os ciclos de
tratamento. Em conclusao, o método de intensidagexeél € mais rapido e permite macros,

minimizando o erro do operador, e pode aperfeigaosimetria em terapias tumorais com 177Lu-

DOTA-octreotate.
Palavras-chave: terapia de tumor neuroenddécriramtificacdo imagem; dosimetria interna
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1. INTRODUCTION

Neuroendocrine tumors have substantially increasettidence and prevalence over the last
30 years [1]. Imaging and targeted radionucliderahg requires a probe labeled with a
diagnostic or therapeutic radionuclide that iscétge intravenously into patients. The tracer will
bind to sites with high somatostatin receptor dgnsi’Lu-(DOTAO, Tyr3) octreotate has been
used in the treatment of disseminated neuroendo¢timors [1].For all radionuclide peptide
combinations it is of crucial importance to desitpe optimal therapeutic window with the
tumor dose as high as possible and the normaletigsigse as low as achievable. Radiation
dosimetry for the normal organs at risk — thatkidneys and bone marrow - is essential for
optimizing patient-tailored therapy [2].*"Lu biodistribution in organs and tumor can be
quantified using sequential planar imadesthe cumulated activity estimatidoy integrating
the time-activity curves. Elimination of’Lu over time must also to be evaluated. In additin
physical decay, the biological elimination occursrenquickly, promoting the elimination of
"_u from the body largely in the first 24 hours.drder to characterize the long-term retention,
the measurements should be performed at intergaial @0 multiples of the effective half-life,
for example, 1, 3 and 5 times [3].

With the increasing use of radionuclide therapy anarder to administer a personalized
dose to the patient, it is necessary to develomémguantification protocols to be used in
routine [4]. The aim of the present study is to pane different methods of image
quantification [3], to determine the organ uptakBvéty using a simple tool, for instance public
domain open source software like ImageJ [5].

2. PATIENTS, MATERIALSAND METHODS
Patients

4 female patients underwent two cycles of treatm&hey were selected by the criteria of
inclusion and exclusion from the study protocol.

Gamma camera

The gamma camera used was a GE Millennium MG vatirénergy and high-resolution
collimator. The dual-head acquisition protocolgfwdiametrically opposed heads, were applied
using six energy windows'(Lu two principal gamma emission photopeaks (PP Vifbits of
20% and adjacent peaks of 10% above and below paschbipal peak). According to the
correction for scatter in photons based on multgtergy windows [3], the energy windows
were defined for simultaneous acquisition imagesb(@ 1).

Table 1: Energy windows (keV) fBfLu imaging acquisition protocol
Photopeak PP Window PP Windows Left PP Windows Right PP

Radionudiide .\ (keV) (keV) (keV)
- 112.94 101.7 - 1243904 —101.7 1243-1356
208.36 187.5 - 229.2 166.6 — 187.5 229.2 - 250.0

Acquisition protocol

The patient acquisitions were divided into two mstiges: before and after therapeutic dose.
Before the dose administration, the patient undetwen anterior image acquisition of
attenuation map using the flood phantom filled wattstandard source &fLu. Anterior and
posterior images were acquired 24, 72 and 192 ér afiministration of 7.4 GBq df 'Lu-
(DOTAO,Tyr3) octreotate
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Flood phantom

The flood phantom was manufactured at IRD/CNEN miade of acrylic, completely leakage
with outside dimensions of 58.0 x 45.7 x 2.3 cm amdrnal dimensions of 41.1 x 53.4 x 1.3
cm. The volume capacity was approximately 2856, cm

Standard source

The *"Lu standard source was designed and certified bWIRMIRD/CNEN, with 85.040
MBg/g, with standard uncertainty of 0.61% (k=1). eTlsolution mass in the vial was
5037.7 mg.

Softwares

In a personal computer with Mac OS operating systii® images were imported to the
OsiriX software to specific folders according te ttherapy cycle [6]. The ImageJ software was
used for image post-processing [5].

Correction for scattered photons using multiplergiravindows acquisition

The planar images conjugate views method were ctaized by simultaneous images
acquisition of anterior and posterior. The patiBahsmission scan or attenuation map was
performed before to activity administration of treiopharmaceutical. A system calibration
coefficient converted the count rate in the souagion in absolute activity. The calibration
factor was calculated for each image set, to entgrg@erformance of the detector system [3].
The source activityy was calculated according Eq. 1 [4] .

f
A =MG, G (Eq.1)
C

Where,fj, is correction coefficient of attenuation coefficiemtdasource thicknes<; is count
rate per activity unit (system calibration coefief) and MGis geometric mean of anterior and
posterior images.

The geometric mean (MG) of the images is obtaingdEl. 2. The counts obtained from
anterior image and posterior image inverted hotabnwere multiplied, divided by the patient
transmission and square root was extracted.

MG, = 'g% (Eq.2)

Wherel,is anterior imagelpis posterior imagey is the tissue attenuation coefficient antbt
the patient thickness, which is the source. Farsimassion correction (Eq. 3), the denominator
corresponds to the transmission through subjeds #ee ratio of counts reaching the detection
system without the patientg), only the homogeneous source, by the counts reddaby the
source located below the patient (1), Eq.3.

-
T=-=e “(Eq.3)
0
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Regions of interest (ROIs)

The purpose of the ROIs in this step is to as$dhe imathematical behavior obtained by the
methods is reproducible regardless of the studgp.avéhole-body, kidneys and liver were
references. ROIs were defined aided by a nuclegsighn.

Each source organ was identified and individualigleated. ROIs were drawn within the
area of the radiopharmaceutical uptake and obtamedumber of pixels (1 pixel = 1 "picture
element”), the counts per pixel, the mean and stahdeviation of scores. The count rate within
each ROI was obtained by dividing the total nundfarounts per the time of image acquisition.

Counts and pixel intensity methods

Some processes were common to both methods: améges were loaded into ImageJ
software, b) posterior image has a flip horizontlall images were converted to 32 bits and
underwent to the methodology described in MIRD d)®yhen using the adjacent windows was
necessary to extract the values for these windaakgpover the data acquired using the main
photopeak [3].

In the counts method, the counts were acquiredbtai activity in both anterior and
posterior images. Four count techniques were usedrding to the acquisition method, that
were: 1. the main photopeak energies; 2. the iplantopeak energies and attenuation map; 3.
the main photopeak and both adjacent energies wisidd. the main photopeak and both
adjacent energy windows, with an attenuation map.

In the pixel intensity method, counts were estimdateonly one of the images according the
organ of interest (anterior or posterior) and afue was extracted at the end of operations. The
following count techniques were used according he acquisition method: 1. the main
photopeak energies (and correction for zero vajues)the main photopeak energies and
attenuation map (and correction for zero valuesksoeud with square root corrections); 3. the
main photopeak and both adjacent energies windawd €orrection for zero values); 4. the
main photopeak and both adjacent energies windowsagth attenuation map (and correction
for zero values combined with square root corresjio

For all evaluation methods, it was necessary to ipodate the images before ROIs
delimitation. The patient’s attenuation map wasatae using the flood field images. Using the
geometric mean of anterior and posterior imagesybéiwed with attenuation map, it was
possible to obtaithe organ final image (Figure 1).
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Figure 1: Evalu.ation methods: a) flood phantomjdofl + patient, c) attenuation map; d)
anterior image; e) posterior image; f) geometricanemage and g) final image.
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Statistical analysis

The differences between count and pixel intensigghmds were performed with paired t-test
(p<0.05). The correlation between groups regarttiegcounts and pixel intensity of structures
were performed with Pearson correlation (p<0.05).

3. RESULTSAND DISCUSSION

The amount of patient data comprising in the tweatment cycles (480 ROIs) was
subdivided in 16 data groups. Both methods (coants intensity) were strongly correlated
(r>0.9) (p<0.001). Comparing the data for wholeygokidneys and liver from the first cycle
between acquisitions with main photopeak (MP) omhgin photopeak with three windows
(3W) and with both methods with and without attdimramaps (AM) linear correlation plots
were obtained (Figures 2 and 3).
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Figure 2: First therapy cycle: comparison betweemict and image methods over all three organs ROIs
of all methods for: (a) main photopeak (MP) and mglhotopeak with attenuation maps (MP+AM) and
(b) main photopeak with 3 adjacent windows (3W) emsidering attenuation maps (3W+AM)
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Figure 3: Second therapy cycle: comparison betwammt and image methods over all three organs
ROIs of all methods for: (a) main photopeak (MPYl amain photopeak with attenuation maps (MP+AM)
and (b) main photopeak with 3 adjacent windows (3w considering attenuation maps (3W+AM)
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a

The paired t-test shows compatibility between e tethods (with and without attenuation
correction map) (p<0.05), but the methods are gatvalent when the adjacent windows were
combined for scattering correction (p>0.05). Cormgarthe two treatment cycles, statistical
analysis showed no significant tumor reductiorhi first funding cycle (p>0.05). With respect
to the operational usefulness, while in the couathmd was necessary to extract 2 to 8 ROI
values to obtain a geometric mean, in the interskgl method only one ROI is necessary. The
procedures for images manipulation before to perfquantification may be optimized with
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macros that makes available at least about 50%rfadépending on the evaluator. The time
spent to extract the values by counting method higiser when compared with the time taken
by the pixel intensity method.

4. CONCLUSION

Aided by ImageJ software, the mathematical processguired for image post-processing
have been simplified using the existing tools, aiththe need to develop additional tools,
despite the software allow this implementation.

The results indicated that the methodology mayrdmute to the individualized dosimetry of
neuroendocrine tumor therapies witiLu-DOTA-octreotate. In Brazil, it is a desirableotdo
optimize internal dosimetry, without the need otliidnal resources to the nuclear medicine
professionals.
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