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Radio immunotherapy is one of the most important and effective therapies for B-cell non
Hoddgkin’s lymphoma treatment. Today, anti CD-20 antibodies labeled with beta emitter
radionuclides are used in radio immunotherapy. Various radionuclides for labeling anti CD-20
antibodies have been studied and developed for the treatment and diagnosis of malignancies.
This paper describes the preparation, bio-distribution and absorbed dose rate of 1!1In, °°Y,
177Lu, and 1538m labeled anti CD-20 antibodies (rituximab) in human organs, after injection to
rats. The macro cyclic bifunctional chelating agent, N-succinimidyl-1, 4, 7,
10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic acid (DOTA-NHS) for conjugation to anti-
body, was used to prepare DOTA-rituximab. The conjugates were purified by molecular filtra-
tion, the average number of DOTA conjugated per mAb was calculated and total concentration
was determined by spectrophotometric method. Radio-labeling was performed at 40 °C for 24
hours. After the quality control studies, the final radioactive solution was injected intrave-
nously into rats through their tail vein. The tissue uptakes of each injection were measured.
Then we calculated S values for 177Lu and 153Sm by using specific absorbed fractions and data
used in the manner of radio-labeled analysis and dosimetry for humans. The absorbed dose rate
of each organ was calculated in the specific time by medical internal radiation dose method with

linear approximation in the activity measurements.

Key words: radio immunotherapy, bio-distribution, rituximab, dosimetry, MIRD

INTRODUCTION

Radio immunotherapy (RIT) is a targeted therapy
combined from immunology and radiotherapy [1, 2]. In
the United States, radio immunotherapy has been con-
firmed by FDA for the treatment of some kinds of lym-
phoma. Bexxar (tositumomb) is a labeled monoclonal
antibody with 31, and Zevalin (ibritumomab tiuxetan)
is alabeled monoclonal antibody with °°Y. Both of them
are anti CD-20 monoclonal antibodies [3].

Rituximab, a chimerical, mouse-human, mono-
clonal antibody is mainly used in the treatment of
non-Hodgkin’s lymphoma. Like the other common
antibodies used against B-cell, rituximab binds with
human B-lymphocyte-restricted differentiation anti-
gen: CD-20. CD-20 is not shed from the cell surface
and does not internalize upon antibody binding.
Rituximab is thought to deplete CD-20-positive cells
via antibody-dependent cell-cytotoxicity and comple-
ment mediated cell lysis. These properties make the
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CD-20 receptor a suitable target for targeted therapy.
The uptake of antibody has been observed on lym-
phoid cells in the spleen, thymus, B-lymphocytes and
lymph nodes and liver. Rituximab has been used suc-
cessfully as an anti CD-20 radio-labeled antibody [2].
So far, many beta emitters such as '3'I, °°Y, 1°3Sm, and
77Lu were widely used in various previous studies
[4]. Due to an appropriate half-life and decay charac-
teristics of these nuclides they can be used in antibody
labeling for RIT. Some beta emitters decay gamma
photons whose energy levels are in the range of
SPECT cameras. These gamma irradiations are feasi-
ble for imaging with treatment and using in diagnos-
tic/therapeutic studies [3].

Auger electron is another kind of electron irradi-
ation which is not different from beta in nature, it just
has a different source and energy. Auger electrons
have wide energy range from lower than 1 keV to
higher than 100 keV, so some of them can be used in
treatment goals for molecular category. '!'In is an au-
ger electron emitter and due to its gamma radiation
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with suitable energy, nowadays it has a diagnostic use
as a tracer nuclide in treatment with Zevalin [5].

Although the bio-distribution of the radio-la-
beled antibodies is almost the same as bio-distribution
of intact antibody, but as a bio-conjugate, the radio-la-
beled antibody would go through the metabolic pro-
cesses in liver, lungs and other metabolic sites leading
to the release of free cations in the stream. Thus, in the
second step, the cationic portion accumulation would
serve as a new radiochemical species leading to vari-
ety of bioaccumulation modes based on each
radionuclide. Finally, amount of dose imposed to the
different organs is related to the energy and type of ra-
diation for each radioisotope. In the present article, the
preparation and bio-distribution of '7"Lu, '33Sm, Y,
and '""In labeled anti CD-20 antibodies (rituximab)
conjugates have been studied and followed by the cal-
culation of preliminary dosimetry for humans, based
on distribution data in rats by acceptable approxima-
tions. Table 1 demonstrates physical properties of
177Lu, ISSSm, 90Y" and 11111’1.

Table 1. Physical properties of '’Lu, "**Sm, *’Y, and ''In

B-maximum | popapirie, | GEMMAL b
energy [% ] energy [% ]
[keV] [keV]
176.5 1220 | 71.65 0.15
Ty 248.5 0.05 |112.95 6.40
Half.life: 384.8 9.10 136.7 0.05
673 (d) 497.8 78.60 |208.37| 11.06
: 249.67 0.21
321.32 0.22
1538m 635 322 69 4.85
Half-life: 705 49.6 103 29.8
1.92 (d) 808 17.5
9()Y
. 2280 99.98
Half-life: 1760.7 0.01
267 (d) 519.1 0.01
l]lIn
. 171.25 100
Half-life: - 100
281 (d) 2453 100
METHODS

"]n is produced in cyclotrons as a carrier-free
radioisotope by the proton irradiation of ''?Cd-en-
riched targets through ''>Cd(p, 2n)!!'In reaction. '''In
disintegrates by the electron capture via the excited
level of 416.6 keV in '''Cd. ''In was produced at the
Agricultural, Medical and Industrial Research School
(AMIRS) 30 MeV cyclotron (Cyclone-30, IBA)
Karaj, Iran [6, 7].

Y is obtained from the natural decay of its parent
in ®Sr (t,, = 29 years) generator and is separated
radiochemically from *’Sr by a series of precipitation and
filtration steps, or using a set of strontium-selective chro-
matographic columns. Obtained *°Y is a carrier free ra-
dioisotope for the nuclear medicine from a research local
generator. *°Y decays with a physical ¢, , of 64 hours by
3~ emission to stable *Sr [8, 9] or can be produced in low
specific activity by neutron activation [10].

153Sm is a reactor product. '3*Sm was produced
by the thermal neutron irradiation of enriched target of
132Sm with 4-10'3 cm™?s™! neutron flux for 3 days at
Tehran Research Reactor. '3*Sm is produced accord-
ing to the reaction 3?Sm(n, 7)'**Sm by ¢ = 206 b for
thermal neutron and disintegrates via 3 main routes by
100% 3~ emission to levels in '33*Eu. *3Sm is not a car-
rier free radioisotope and its specific activity was
14.5-17 GBg/mg. '"Lu is reactor-produced by the
thermal neutron irradiation of '7°Lu enriched targets
with the reaction '7°Lu(n, v)!”’Lu with & = 2020 b.
7Lu was obtained by exposure of natural Lu,O,
(">Lu: 97.5% and '7°Lu: 2.5%) sample with a specific
activity of 2.6-3 GBg/mg and radionuclide purity of
99.98% , to thermal neutron flux 4-10'3 cm2s! for 5
days at Tehran Research Reactor. The irradiation tar-
gets were dissolved in 200 pL of 1.0 M HCI, in order to
prepare '7’LuCl; and '3*SmCl,.

Chemicals were purchased from Sigma-Aldrich
Chemical Co. (UK). NHS-DOTA was purchased from
Macrocycles (USA). Rituximab (Mabthera) was a
pharmaceutical sample purchased from Roche Co. Ra-
dio-chromatography was performed by using a
Bioscan AR-2000 radio TLC scanner instrument
(Bioscan, Paris, France). A high purity germanium
(HPGe) detector coupled with a Canberra™ (model
GC1020-7500SL) multichannel analyzer and a dose
calibrator ISOMED 1010 (Dresden, Germany) were
used for counting distributed activity in rat organs. All
values were expressed as mean + standard deviation
(Mean £ SD) and the data were compared using stu-
dent’s T-test. Statistical significance was defined as
P < 0.05. Animal studies were performed in accor-
dance with the United Kingdom Biological Council’s
Guidelines on the Use of Living Animals in Scientific
Investigations, 2" ed.

Preparation of radio-labeled
anti CD-20 antibodies (rituximab)

The radio-labeling of all radio-immunoconjugates
are almost the same, this was mentioned in the related
section. In the first step, lyophilized ritiximab (Roche)
was purified with water for injection from excipients by
ultra-filtration. Vivaspin-2 filters (30 kDa; Sartorius AG;
2 x 10 minute at 2.684 g) were used for all ultra-filtration
purification steps. In short, trastuzumab was diluted with
0.2 M Na,CO; (pH 9.2) buffer solution. The antibody
concentration was measured using a biophotometer
(Eppendorf) at OD = 280 nm. The solution was passed
through a Vivaspin 2 (20 minute, 2.684 g) two times in
order to remove the impurities. The antibody then can be
removed from the upper part of the filter using bicarbon-
ate buffer (0.2 M Na,CO;, pH 9.2). The final concentra-
tion was re-measured using biophotometric assay as well
as structure integrity test using SDS-PAGE. Then
DOTA-NHS (1.3 mg, excess 120 times) dissolved in bi-
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carbonate buffer (400 ul, 0.2 M, pH 9.2) was added to the
purified antibody solution (3.3 mg/ml) in a borosilicate
vial and mixed gently for 20 times by pipetting. The mix-
ture was gently shaken and incubated at room tempera-
ture for 24 hours. The mixture was then transferred on a
Vivaspin 2 cut-off filter (30 KD) and centrifuged at
2.684 g for 15 minutes. In order to terminate the conjuga-
tion step and provide the suitable radiolabeling pH, the
upper filter fraction is washed through using ammonium
acetate buffer (0.2 M, pH 5.5) three times in order to re-
move excess of DOTA-NHS. In this stage, acetate buffer
(1 ml) is added to the upper fraction, and the mixture is
pippeted 10-20 times for immonoconjugate dissolution.
The filter is then centrifuged upside-down at 2.684 g for
5 minute. The antibody concentration was measured us-
ing a biophotometer (Eppendorf) at OD =280 nm. The
spectrophotometric method for quantitation of
micromolar concentrations of bifunctional DOTA-NHS
ligand in DOTA-monoclonal antibody (mAb) conju-
gates is performed according to the reported method
[11]. Briefly, the optical density of arsenaso yttrium (III)
complex (2:1, 1 ml), prepared in 5.0 uM AAIIL, 1.6 uM
Y(III), 0.15 M sodium acetate buffer, pH 4.00, was mea-
sured at 652 nm. A standard curve was then plotted by
the addition of multiple (8 x) 15 ul DOTA-NHS standard
solutions (DOTA-NHS dissolved in 0.15 M sodium ace-
tate buffer, pH 4.00), to the above mixture. In the second
step, the optical density of 1:2 yttrium (III) complex of
arsenaso (1 ml) was measured at 652 nm in the presence
of conjugation product in order to determine DOTA-an-
tibody attachments. For radiolabeling, typically, 370
MBq of radioisotope dissolved in 0.2 M HCl was added
to a conical vial and dried under a flow of nitrogen. To the
copper-containing vial acetate buffer (700 pl, pH 5.5)
was added and the vial swirled for 10 minutes. The con-
jugate containing fraction (500 pg) in acetate buffer with
the measured protein content was added to the vial and
mixed gently for 5 minutes using pipetting (10-20 x).
The mixture is then incubated at 40 °C for 90 minutes fol-
lowed by testing the radiochemical purity by ITLC using
aradio TLC scanner (Whatman No. 1, 1 mM DTPA). Fi-
nally ETDA solution (10 pl, 10 mM) is added to the la-
beling mixture and incubated for 10 minutes in order to
scavenge the unlabeled Cu cation. The mixture is then
passed through the disposable PD10 De-salting column
(Amersham) in order to further increase the
radiochemical purity of the mixture. The final solution is
then passed through a 0.22 micron biological filter for
animal studies. The radio-immunoconjugate was ana-
lyzed for integrity by SDS-polyacrylamide gel electro-
phoresis (SDS-PAGE). The radio labeled mAb was eval-
uated with and without reduction by 2-mercaptoethanol.
Approximately 200 000 cpm of each preparation was ap-
plied per lane and the 4-20% polyacrylamide were run
according to the method of Laemmli [12]. The final
radiochemical purity of the radio labeled monoclonal an-
tibodies was checked by RTLC and HPLC as described
earlier and in all cases it was >95% [4].

Bio-distribution data

17TLu-DOTA-rituximab, *°Y-DOTA-rituximab,
133Sm-DOTA-rituximab, and '''In-DOTA-rituximab
were administered to the normal rats separately (15
rats) in order to determine bio-distribution. A volume
(50-100 uL) of final radioactive solution with 3.7 =
+ 0.1 MBq activity was injected intravenously to the
rats through their tail vein. The animals were killed at
the exact time (3 rats in each time) and the specific ac-
tivities of different organs were measured by using an
HPGe detector (for '"’Lu, '''In, and '*>*Sm) and a beta
scintillation detector (for °°Y). Then the percentage of
injected dose per gram (%ID/g) for each organ was
calculated in each time point. It is necessary to calcu-
late the %ID/g, since there are inherent limitations in
measuring the activity ofall tissues of each organ, such
as bone and blood.

The following equation was used to extrapolate
bio-distribution data of radio labeled compounds from
rats to humans

0 o

%ID _ %ID k )
£ human organ Zanimal organ

i — Body mass ;a1 @)

- Body mass pun

The equation shows that the bio-distribution ra-
tio of activity per each gram of each organ in the rat
and human is a constant value which depends on the
total tissue weight to body weight for rat and for hu-
mans. The above equation is obtained from the follow-
ing equation with an algebraic formula [13]

Organ mass pan

Bod
%ID human organ — %ID OFY 2 human

imal
animal organ Organ mass .

Body mas

animal

A3)

Dose estimates

Before therapeutic or investigation use on hu-
mans, some knowledge of the absorbed dose for pa-
tients is essential in radiotherapy. Medical internal ra-
diation dose (MIRD) method is a standard one for
calculating the dose estimates when radionuclides en-
ter the human body and accumulate there. This method
is based on the absorbed fractions (¢) and specific ab-
sorbed fractions of energy (@) [14].

D(ry <1, )ImGy]=4,[MBqs]S(r <r,) (4)
S(r; < n,)IMGyMBq 's ' 1= XA®@, (1, < 1,) (5)
A, [kg mGyMBq 's ' ]=16-10" n, E;[MeV] (6)

o=? (7

m
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The absorbed fraction is represented by the emit-
ted energy of source which is absorbed in place of the
target organ. In order to calculate the dose estimates
based on this method, we should measure the cumu-
lated activity in each organ as a source of radiation.

Bio-distribution data for human was determined
by eq.1 based on distribution data in rats. There is a lin-
ear equation between ID and injected activity (IA), so
%ID = %IA

Therefore %ID can be used for calculating the
dose estimates instead of %IA when %ID/g (or
%IA/g) was calculated in terms of initial injection
activity values. In order to calculate the cumulated
activity accurately for each organ, it is essential to
know the pharmacokinetic model of each radio la-
beled compound. The pharmacokinetic model for
each organ is based on complicated mathematical
function forms. These functions are often multi-ex-
ponential ones for the antibodies [15]. In this study,
the researchers used a linear approximation between
the two experimental points of times in which the
%ID/g had been measured before. In order to reduce
the error of the method, the experimental points
should be increased.

The total activity of each organ in each time
point, is equal to %ID/g of the organ multiplied by
the mass of organ. In this study, the mean weights for
human organs with standard weight (70 kg) were
used [16-18]. The authors point out that the organ
weights vary in different sexes, races, and other in-
dividual parameters. The present study restricts it-
self to a general standard case shown in tab. 2 [19,
20].

Table 2. The standard weights of organs for humans
with standard weight

Organ Mass [g]
Adrenals 14
Blood 5500
Bone 10000
Kidneys 310
Liver 1800
Lungs 1000
Ovaries 11
Pancreas 100
Red marrow 1500
Spleen 180
Stomach wall 150
Thyroid 20
Total body 70000

RESULTS AND DISCUSSION
Bio-distribution

Absorption and bio-distribution of radio labeled
compounds in organs of rats were determined by mea-
suring %ID/g at different times. The uptakes were ob-
served in the limited organs such as the liver, spleen
and lungs and barely in the kidneys, bone and blood.

Cumulated activity

Bio-distribution data for humans were deter-
mined by eq. 1 based on the distribution data in rats.
The activity value in human organs with linear approx-
imation was calculated and represented diagrammati-
cally as in the following charts.

The cumulated activity in each organ for 100 Bq
of each radionuclide injection was shown in the fol-
lowing table (for !''In and *°Y in 72 hours, '33Smin 48
hours, and '"’Lu in 168 hours).

Table 3. Cumulated activity in each organ for 100 Bq

111 90- 153 177
Source . In . Y . Sm . Lu
of }1111 72 ;ln 72 in 48 in 168
R ours ours hours hours
activities [Bq] [Bq] [Bq] [Bq]

Liver 1.00E+07 | 7412794 | 6240141 | 1.50E+07
Spleen 1273493 486673 354265 | 1799396
Kidney 356347 32971.1 132562 91604

Lung 2314346 | 5674364 | 1001479 | 2681656

Bone 61873.7 | 1307319 | 1740421 | 5188390
Blood 649794 606337 227472 849008

Dose estimates

S values for "'In and *°Y were adopted from
MIRD pamphletno. 11 [21], then S values were calcu-
lated for !7’Lu and '3*Sm by using specific absorbed
fractions [22], after that the absorbed dose rate in the
specific time for various organs was calculated. In or-
der to calculate S values of 177Lu and !33Sm, the re-
searchers used the specific absorbed fractions for each
gamma and beta energy of these radionuclides for any
source/target organ. The specific absorbed fractions
for beta decays will be 1, if both the source and the tar-
getrefer to only one organ, otherwise they will be zero.
S values (for some source organs) of '*Sm and '7"Lu
which were calculated in the article are shown in the
tabs. 4 and 5

The point is that since blood flows through the
human bodies, then its activity is considered as the part
of activity of the carcass.

The sums of absorbed dose rates in specific time
for each organ from uptakes of each radio labeled
compounds are demonstrated in the following table.
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Figure 2. The activity value in human organs

In the present study, the researchers investigated
four radio labeled anti CD-20 antibodies (rituximab)

48
Time [hours]

168

and studied the preparation, QCs and bio-distribution
of them in the normal rats. Bio-distributions of radio
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Table 4. S values of ''Lu [mGyMBq"s‘ll

Target \ Source Liver Spleen Kidneys Lungs Bone Carcass
Adrenals 1.02E-07 1.06E-07 1.68E-07 5.54E-08 5.81E-08 3.74E-07
Bladder wall 8.70E-08 2.68E-09 1.88E-09 9.05E-08 8.65E-09 3.71E-07
Bone surfaces 2.43E-08 2.47E-08 3.17E-08 3.26E-08 2.47E-06 3.86E-07
Brain 2.40E-10 1.96E-10 4.87E-11 2.02E-09 2.80E-08 3.63E-07
Breasts 1.65E-08 1.09E-08 5.12E-09 5.40E-08 1.27E-08 3.58E-07
Stomach wall 3.44E-08 1.75E-07 5.87E-08 2.76E-08 1.99E-08 3.69E-07
Heart wall 5.46E-08 3.76E-08 1.89E-08 1.02E-07 2.59E-08 3.73E-07
Kidneys 6.84E-08 1.52E-07 7.82E-05 1.66E-08 1.56E-08 3.71E-07
Liver 1.37E-05 1.74E-08 6.78E-08 1.88E-08 1.18E-08 3.71E-07
Lungs 1.26E-08 3.95E-08 1.88E-07 2.39E-05 1.71E-08 3.66E-07
Ovaries 9.23E-09 9.70E-09 1.69E-08 1.26E-09 1.23E-08 3.75E-07
Pancreas 8.83E-08 2.98E-07 1.16E-07 3.96E-08 3.55E-08 3.76E-07
Red marrow 2.01E-08 2.05E-08 4.14E-08 6.24E-08 2.45E-06 3.68E-07
Skin 8.67E-09 8.56E-09 9.43E-09 9.72E-09 1.03E-08 3.56E-07
Spleen 1.73E-08 1.35E-04 1.52E-07 1.78E-08 1.10E-08 3.71E-07
Testes 6.25E-10 6.60E-10 9.35E-10 1.28E-10 1.12E-08 3.65E-07
Thyroid 2.34E-09 2.08E-09 9.61E-10 4.56E-09 1.54E-08 3.69E-07
Uterus 7.96E-09 6.67E-09 1.53E-08 1.18E-09 3.66E-08 3.76E-07
Total body 3.74E-07 3.71E-07 3.68E-07 3.74E-07 3.66E-07 3.66E-07

Table 5. S values of '**Sm [mGyMBq's™']

Target \ Source Liver Spleen Kidneys Lungs Bone Carcass
Adrenals 1.69E-07 1.87E-07 2.81E-07 8.72E-08 8.61E-08 5.83E-07
Bladder wall 3.65E-09 2.07E-09 6.11E-09 6.50E-10 1.39E-08 5.81E-07
Bone surfaces 6.00E-08 6.16E-08 7.92E-08 8.80E-08 3.93E-06 6.47E-07
Brain 1.70E-10 5.39E-11 2.87E-11 2.10E-09 3.98E-08 5.68E-07
Breasts 2.41E-08 1.47E-08 5.80E-09 8.77E-08 1.86E-08 5.56E-07
Stomach wall 5.45E-08 3.18E-07 9.50E-08 4.50E-08 2.73E-08 5.73E-07
Heart wall 8.88E-08 6.39E-08 2.77E-08 1.75E-07 3.80E-08 5.81E-07
Kidneys 1.15E-07 2.63E-07 1.22E-04 2.23E-08 3.02E-08 5.77E-07
Liver 2.14E-05 2.39E-08 1.12E-07 7.39E-08 2.02E-08 5.78E-07
Lungs 7.78E-08 6.77E-08 2.34E-08 3.75E-05 3.04E-08 5.74E-07
Ovaries 1.18E-08 1.05E-08 2.23E-08 1.71E-09 3.49E-08 5.84E-07
Pancreas 1.48E-07 5.23E-07 1.97E-07 6.74E-08 5.05E-08 5.86E-07
Red marrow 2.81E-08 2.90E-08 5.96E-08 5.48E-08 3.84E-06 5.69E-07
Skin 1.29E-08 1.25E-08 1.34E-08 1.43E-08 1.43E-08 5.53E-07
Spleen 2.35E-08 2.10E-04 2.63E-07 6.67E-08 1.80E-08 5.77E-07
Testes 1.06E-09 4.52E-10 6.66E-10 1.05E-10 1.54E-08 5.66E-07
Thyroid 2.37E-09 2.30E-09 5.17E-10 2.76E-08 2.07E-08 5.76E-07
Uterus 1.01E-08 7.30E-09 1.98E-08 9.25E-10 5.29E-08 5.85E-07
Total body 5.81E-07 5.80E-07 5.79E-07 5.75E-07 5.76E-07 5.72E-07

labeled compounds were in agreement with other ra-
dio labeled anti CD-20 antibodies species already re-
ported [23, 24], moreover, they were in line with our
previous studies.

High uptake in the spleen and reticoloendo-
thelial organs due to the final accumulation of B-lym-
phocytes carrying the radio-immunoconjugate on
their surface was observed. As a natural reaction to the
depletion of the lymphocytes, the reticulloendothelial
system including the spleen will be the final possible
reservoir of the depleted lymphocytes. Observable ac-
cumulation in the lungs was also observed. Interest-
ingly, we found reports of severe pulmonary reactions

(pulmonary infiltrates or edema) during anti CD-20
antibodies therapy in the literature [4], [25-27]

The absorbed dose rate of each organ was calcu-
lated in the specific time by MIRD method with the
linear approximation of measurement of activities.
The dose rate estimation is based on more than 1.5
times of effective half-life of each radio labeled com-
pound.

The results showed that the high absorbed dose
is in the liver, lungs and spleen; and the absorbed dose
of other organs (such as the red marrow and brain) is
low as acceptable level values.
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Table 6. Absorbed dose [mGyMBq"]

lungs comprised the only tissues that received more
than 3% of total dose with 0.64 mGy/MBq (11%). The
results showed that '"’Lu contributes more to dose
than >3Sm, so it can be said that the main reason is lon-
ger half-life of '7"Lu in comparison with '33Sm.

lllIn 90Y ]53Sm 177Lu
Organ | 1 70h | in72h | in48h | inl68h
Adrenals 0.162 0.012 0.015 0.025
Bladder | 508 | 0012 | 0.001 0.019
wall
Bone
e | 0.037 | 0238 0.074 | 0.136
Brain 0001 | 0012 0.002 | 0.004
Breasts | 0002 | 0012 0.004 | 0.007
Stomach | 695 | 0012 0.006 0.013
wall
Heart
0.004 | 0012 0.009 | 0016
wall
Kidneys | 0267 | 0.171 0.171 0.089
Liver 1036 | 6136 1335 | 2.114
Lungs | 0314 | 8535 0382 | 0.649

Ovaries 0.017 0.012 0.002 0.005

Pancreas 0.174 0.012 0.014 0.025

Red 0.052 0.572 0.070 0.135
marrow
Skin 0019 | 0012 0.002 | 0005

Spleen 0.915 4.033 0.746 2.432

Testes 0.004 0.012 0.001 0.003

Thyroid | 0012 | 0.012 0.002 0.004
Uterus | 0015 | 0012 0.002 0.006
Total 0.072 0326 0.056 0.096
body
CONCLUSIONS

Therefore, according to the kind of decay and en-
ergy (only -, >2 MeV), it is observed that *°Y impose
the highest amount of absorbed dose to the body; the
lungs (with the 42% of the total dose) receive a dose
more than 8.5 mGy/MBq in 72 hours. The liver, spleen
and red marrow with 6.1, 4.0, 0.5 (3%) mGy/MBgq, re-
spectively, have the highest amount of absorbed dose.
The other organs receive the dose less than 5% of total
one.

As the researchers expected, due to the highest
abundance of gamma photon decay, !!'In has the larg-
est share in organs that received dose. The liver and
spleen received the dose about 1 mGy/MB(q (around
30% of'total one) in 72 hours. The absorbed dose of the
lungs, kidneys, pancreas, and adrenals were 0.31,
0.26, 0.17, and 0.16 mGy/MBgq, respectively. In com-
parison to *°Y, ''In imposes lower dose to the patients
as a diagnostic/therapeutic radionuclide.

For '>3Sm in 48 hours, the highest absorbed dose
was observed in the liver with 1.3 mGy/MBq (46%) fol-
lowed by the spleen, lungs, kidneys, and bone tissues
received 0.74 (26%), 0.38 (13%), 0.17 (6%), and 0.07
(3%) mGy/MBgq, respectively.

77Lu had the smallest share in organs that re-
ceived dose. The highest absorbed dose was observed
in the spleen with 2.5 mGy/MBq (42%), and in the
liver with 2.1 mGy/MBq (37%) in 168 hours. The
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Enanar PAJI®AP, Avup P. ITAJINJIMAH, Xacan JYCE®HUIJA,
Amn BAXPAMU-CAMAHMUN, Moxamag TAHAIN-MAPATEX

YIOPEJHO NMPOYYABAKE NPEJIVMMHUHAPHE XYMAHE
JTO3UMETPUJE 3ACHOBAHO HA PACHOJIEINU AHTUTEJIA
Y MAIIOBA MAPKUPAHUX 1lyp, 90y, 1771y, 1 153§m

PapmonmyHnOTEpanmja je jelHa O HajBaXKHMjUX W Haje(P)eKTUBHUJUX Tepamnuja 3a JeudeHhe
B-henuja ne-XouknHOBOT TMMGOMa, T ce JaHac y Boj Kopucte aHTH-CD20 aHTHUTEIa MapKUpaHa ca
pafuoOHYKIUANMA KOju cy Oera emurepu. OBaj paj Ipukasyje NpunpemMy, OHOpacHofely U jauuHy
anocop6oBane no3e antu-CD20 anturena (purykcuma6) mapkupanux MIn, Y, Y7Lu, u '3Sm. ¥
npunpemu DOTA-rituximab-a 3a moTpe6e Be3uBatba ca aHTHTeMMa Kopuinthena je N-succinimidyl-1, 4, 7,
10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic kucenuua (DOTA-NHS) koja je MakpO-IUKIMIHA YeaTHH
arerc. KowmyranTti cy npouniitheHn MoJIeKyJIapHOM (PUIITPALUjoM, U3padyHaT je cpeawmu 6poj DOTA-e
KOWYroBaHe M ofpeheHa yKymHa KOHIEHTpalyja TNPUMEHOM CIEKTPO(OTOMETpPHjCKE METOJE.
Papmomapkupame je Tpajano 24 cata npu remmnepatypu o 40 °C. [Tocie cipoBefieHe KOHTPOJIE KBAIUTETA,
(pmHATHY pajMOaKTHBHU PACTBOp je yOpm3raH mamoBMMa Kpo3 BeHy Ha pemy. MepeHa je mpuxBaheHa
KOJINUMHA PACTBOPA Y TKMBY MOCIIE CBAKOT yOpusraBama. [1oTom cy uspauynate S Bpeanoctu 3a '/’Lu u
153Sm kopucrehn cnenuduune ancop6osane pakuyje U NOAATKE Kao MPU aHAIU3U U O3UMETPH]H Pa-
AMo-Mapkepa Koj Jbymu. ArcopOoBaHa jaumHa A03€ ofipebeHa je 3a cBaKWM OpraH y CrHeluuIHOM
BPEMEHCKOM WHTEpBaly Kopucrehm MeaunuHCKy WHTEpHY pafdjalioHy 03y ca JIHHEApHOM
AIMPOKCHUMAIIIjOM 32 MEPEHA AKTUBHOCTH.

Kwyune peuu: paououmyHoitiepaiiuja, buopaciiooeaa, puillykcumao, 003umeiipuja, MeOuyuHcKka
UHIlepHA paoujayuona 003a



