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Abstract

Objective: The aim of this study was to calculate a therapeutic dose of "*'I-Rituximab after a tracer patient-specific

dosimetry based on whole body absorbed dose of 0.75 Gy.

Methods: Eight patients (mean + S.D. age, 59.0 + 11.6 years) were given initial tracer activity of "'I-Rituximab
intravenously. Whole body images at 10 minutes, 3 days and 6 days were used to generate the Time-activity curve
(TAC). TAC was fitted by plotting Log10 of the percentage administered activity remaining with time of scan and
was used for calculation of the effective half-life, residence time and therapeutic dose. The organs dose was
calculated by MIRDOSE 3.1 software.

Results: The mean effective half-life was 145.7 £+ 13.4 hours, whereas the residence time was 210.3 £+ 19.4 hours.
The mean therapeutic dose was 1.16 + 0.16 GBq. The mean absorbed dose to liver, lungs, ovaries, red marrow,
testes and total body was 0.58 £ 0.05, 0.54 + 0.05, 0.63 + 0.06, 0.56 £ 0.05, 0.53 + 0.05 and 0.54 + 0.06 mGy/MBgq,
respectively.

Conclusions: The whole body radiation dose using a patient-specific tracer dose calculation based on whole body
absorbed dose of 0.75 Gy was appropriate for therapeutic dose calculation in Radioimmunotherapy (RIT) patient.
Keywords: I-131-Rituximab, Radioimmunotherapy, Non-Hodgkin’s Lymphoma, Red marrow dose, Absorbed
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Introduction

Radiolabeled anti-CD20 monoclonal antibody
(mAb) studies have recommended as a
Radioimmunotherapy (RIT) for innovative treatment of
non-Hodgkin’s Lymphoma (NHL). It is a systemic
treatment using a mAb labeled with a radionuclide to
deliver a toxic level of radiation to the disease sites.
The Food and Drug Administration (FDA) has approved
“Yitium-Ibritumomab tiuxetan (Zevalin®) anti-B-cell
NHL mAb as the first commercial available radiolabeled
antibody of cancer therapy. Only a few years after that,
"odine-Tositomomab (Baxxar®) was introduced into
clinical practice” . Thereafter, many clinical trials have
published the efficacy of RIT treatment in B-cell NHLs ™.

® are expensive and not

However, Zevalin® and Baxaar
available in Thailand. Moreover, the Human Anti-mouse
Antibody (HAMA) reaction may be induced to patients
by the second treatment and may not be safe to patients™ .
For these reasons, an alternative treatment using
Rituximab, which is a standard chemotherapy, can be
used to labeled with radioiodine ("*'Todine-Rituximab)
for treatment of relapsed or refractory indolent NHLs.
Many publication of Turner J.H, et al.>>**, they proved
that RIT is a safe, effective treatment of low-grade
lymphoma and increase overall survival and offer for
routine clinical application.

The basic goal of RIT is to administer the
maximum treatment dose that would deliver optimal
radiation absorbed dose to tumor tissue with minimal or
acceptable toxicity to critical organs. Damage to living
tissues from radiation-absorbed dose is then a limitation
of therapeutic applications. The principal side effect of
RIT treatment is bone marrow suppressions, especially
thrombocytopenia and leukopenia”™''. Contribution of
radiation-absorbed dose to bone marrow should not

exceed 2 Gy, which is equivalent to 0.75 Gy of whole

body absorbed dose’”. Then, evaluation of bone marrow

uptake according to series of whole body imaging
technique before treatment with a diagnostic dose of
PI-Rituximab is useful to raise therapy efficacy in the
treatment of HNLs. This method is used for the treatment

131 . . . .
[-Rituximab to maximize treatment

planning with
potential while avoiding bone marrow side effects. This
will decrease the mortality and improve the quality of
life of the patients. The study aimed to calculate a
therapeutic dose of "’'I-Rituximab after individual

tracer dosimetry study of patient based on whole body
radiation absorbed dose of 0.75 Gy.

Materials and Methods
Patients

A total of 8 patients were referred by hematologic
oncologists and reviewed by anuclear medicine physician
for suitability for treatment. They received verbal and
written information regarding "'I-Rituximab therapy.
Patient information was available through medical
records. From these 8 patients, 7 patients (4 men,
3 women; mean + S.D. age, 59.0 + 11.6 years) completed
for whole body imaging and were include in the analysis;
the only one patient not completed for whole body
imagingandwasexcludedfromthisstudy. 13 11-Rituximab
was kindly donated by the Thailand Institute of Nuclear
Technology (TINT). Meanwhile, the research project
was approved by the Institutional Review Board of
Faculty of Medicine, Ramathibodi Hospital, Mahidol
University, Bangkok, Thailand.

The exclusion criteria were pregnancy or breast-
feeding, the administration of chemotherapy or
radiotherapy within 6 weeks and platelets less than
100,000 cells/cm’. The patient generally stared taking
Saturated Solution of Potassium Iodide (SSKI), usually
10 drops per day (1 day before the study and this was
continue for 21 days). SSKI was used to block the
uptake of I-131 by the thyroid.
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Whole Body Imaging

An initial tracer activity of "*'I-Rituximab (185
MBq) was injected intravenously after an infusion of
unlabeled Rituximab (375 mg/cmz) about 2 to 4 hours.
The whole body imaging with 3 minutes per step bed
position was performed in each individual patient with
a gamma camera (Hawkeye 4 SPECT/CT scanner, GE
Healthcare) at the specific time point of 10 minutes,
3 days and 6 days after injection, respectively'”.
The background count was performed with the same
protocol of whole body imaging but used 60 second per
step bed position. For each patient, all imaging was
performed by the same position and distance between
the collimator and the patient. Imaging was performed
using high energy general propose collimator (HEGP
collimator) with an energy window of 20 % of 364 keV
(I-131). This acquired a whole body scan using a

256 x 1024 matrix with a zoom of 1.

Dosimetry

131 . .
I-Rituximab was

The whole body uptake of
obtained by drawing the region of interest (ROI) using
the Xeleris® software (GE Healthcare). Anterior and
posterior counts were converted to geometric mean
counts, corrected for background and used in further
analysis for dosimetry. Then, the whole body TAC was
fitted by plotting Logm of the percentage administered
activity remaining with time of scan on a linear-linear
graph. The effective half-life and residence time
was calculated from TAC. The therapeutic dose of
P'I-Rituximab was calculated to deliver a whole-body
radiation-absorbed dose of 0.75 Gy according to the
standard operating procedure for prospective
individulised dosimetry "'I-Rituximab RIT of NHL of
Calais P.J. and Turner J.H."”. The therapeutic activity

can be calculated from equation 1%
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Therapeutic dose (MBq) =

Activity hours (MBg.h) Desired Total Body dose (Gy)
X

Residence time (h) 0.75 (Gy)

Eq.1

In order to calculate the therapeutic activity
(Equation 1), there were two dosimetric parameters,
which was necessary to calculated.

1) Activity hours (MBq.hr), it was dependent on
the properties of the radionuclide and the patient’s
effective mass, which was determined on the basis of
the patient’s sex and patient’s height. The effective mass
(kg) calculated from the formula of 65.76 + [1.452 x
(patient height (cm)-152)] and 62.34 +[1.247 x (patient
height (cm)-152)] for male and female, respectively'> .
Based upon the absorbed dose calculation and assuming
a simplified ellipsoidal volume for the patient and a
heterogeneous distribution of the radioiodinated
antibody in the patient, the Activity hours my be derived

from the simplified and semi-empirical formula:

Activity hours(MB o (3624.59 x Weightkg) +

29283.65

q.
Eq.2

If the patient’s effective mass was less than the
patient’s actual weight, then the effective mass was
used to determine the Activity hours. However if the
patient’s actual weight was less than the calculated
effective mass, then the patient’s actual weight was
used to determine the Activity hours".

2) Residence time, we plotted the percent of
administered tracer activity of "'I-Rituximab versus
time on a linear-linear graph using the trend line function
and display equation on graph with Microsoft Excel

program. The slope of line obtained from the equation



Vol. 40 No. 2 April-dune 2017

(Figure 1). The residence time was calculated from
[Logm(l/e) =-0.4343] divided by slope of curve.

The absorbed dose per unit of the administered
activity, was determined from the calculated total body
residence time as input values to the software MIRDOSE
3.1" according to equation for absorbed dose in the
Medical Internal Radiation Dose (MIRD system)

Committee, given as'’:
D=AS

Eq. 3

Where D is absorbed dose (rad or Gy), A is cumulated

activity (uCi-hr or MBg-sec) and S is absorbed dose per
unit activity (rad/uCi-hr or mGy/MBg-sec)

Results

Figure 1 show the relationship between Logm
of the percentage administered activity remaining
with time of scan on a linear-linear graph.

Table 1 show the equation of the relationship
between Log of the percentage administered activity
remaining with time of scan on a linear-linear graph and
the body residence time calculated from the patients.

Table 2 show the effective half life, residence
time and treatment dose obtained from the whole body
“'I-Rituximab clearance.

Table 3 show the absorbed doses per unit of

administered activity of "'I-Rituximab from whole

body source organ (mGy/MBq).

£y

= 2.

g

o]

g 2.0 .
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Figure 1  Total body residence time calculation.

Table 1 Total body residence time calculated after tracer administration from patients.

Residence time (hr)

Patient number Equation
Pt.1 y=-0.002001x+2.001
Pt.2 y=-0.001851x+2.001
Pt.3 y=-0.002135x+2.001
Pt4 y=-0.002101x+2.001
Pt.5 y=-0.001858x+2.001
Pt.6 y=-0.002359x+2.001

Pt.7 y=-0.002256x+2.001

0.99 217.04
0.99 234.63
0.99 141.00
0.99 143.28
0.96 162.02
0.99 127.61
0.99 133.44
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Table 2 Dosimetric parameters obtained from whole body *'I-Rituximab clearance.

Patient number Effective half-life (hr) Residence time (hr) Treatment dose (GBq)
Pt.1 150.4 217.0 1.19
Pt.2 162.6 234.6 1.10
Pt.3 141.0 203.4 1.25
Pt.4 143.3 206.7 1.34
Pt.5 162.0 233.7 0.85
Pt.6 127.6 184.1 1.25
Pt.7 133.4 192.5 1.11
Mean = S.D. 145.7+13.4 210.3+£19.4 1.16 £0.16

Table 3 Absorbed doses per unit of administered activity of *'I-Rituximab from whole body source organ

(mGy/MBq).
Target organ Patient 1  Patient2  Patient3 Patient4 Patient5S Patient6 Patient 7
Adrenal 6.65E-01 5.24E-01 5.48E-01 5.88E-01 6.18E-01 6.68E-01 5.79E-01
Brain 5.57E-01 4.39E-01 4.59E-01 4.93E-01 5.17E-01 5.59E-01 4.85E-01
Breasts 5.25E-01 4.14E-01 4.33E-01 4.64E-01 4.88E-01 5.27E-01 4.57E-01
Gallbladder wall 6.88E-01 5.42E-01 5.67E-01 6.09E-01 6.39E-01 6.91E-01 5.99E-01
LLI wall 6.78E-01 5.34E-01 5.59E-01 6.00E-01 6.30E-01 6.81E-01 5.90E-01
Small intestine 6.89E-01 5.42E-01 5.67E-01 6.09E-01 6.39E-01 6.91E-01 5.99E-01
Stomach 6.54E-01 5.15E-01 5.38E-01 5.78E-01 6.01E-01 6.56E-01 5.69E-01
ULI wall 6.78E-01 5.34E-01 5.59E-01 6.00E-01 6.30E-01 6.81E-01 5.90E-01
Heart wall 6.51E-01 5.13E-01 5.36E-01 5.76E-01 6.04E-01 6.53E-01 5.67E-01
Kidneys 6.40E-01 5.04E-01 5.24E-01 5.66E-01 5.95E-01 6.43E-01 5.57E-01
Liver 6.41E-01 5.05E-01 5.28E-01 5.67E-01 5.95E-01 6.43E-01 5.58E-01
Lungs 6.00E-01 4.73E-01 4.94E-01 5.31E-01 5.57E-01 6.02E-01 5.22E-01
Muscle 5.91E-01 4.65E-01 4.86E-01 5.22E-01 5.48E-01 5.93E-01 5.14E-01
Ovaries 6.95E-01 5.48E-01 5.73E-01 6.15E-01 6.46E-01 6.98E-01 6.05E-01
Pancreas 6.91E-01 5.44E-01 5.69E-01 6.11E-01 6.41E-01 6.93E-01 6.01E-01
Red marrow 6.22E-01 4.90E-01 5.12E-01 5.50E-01 5.77E-01 6.24E-01 5.41E-01
Bone surface 6.83E-01 5.38E-01 5.63E-01 6.04E-01 6.35E-01 6.86E-01 5.95E-01
Skin 5.04E-01 3.97E-01 4.15E-01 4.46E-01 4.68E-01 5.06E-01 4.39E-01
Spleen 6.41E-01 5.05E-01 5.28E-01 5.67E-01 5.95E-01 6.43E-01 5.58E-01
Testes 5.90E-01 4.65E-01 4.86E-01 5.22E-01 5.48E-01 5.93E-01 5.14E-01
Thymus 6.15E-01 4.85E-01 5.07E-01 5.44E-01 5.71E-01 6.18E-01 5.35E-01
Thyroid 6.15E-01 4.85E-01 5.07E-01 5.44E-01 5.71E-01 6.18E-01 5.35E-01
Urinary bladder 6.71E-01 5.29E-01 5.53E-01 5.93E-01 6.23E-01 6.74E-01 5.84E-01
Uterus 7.01E-01 5.52E-01 5.77E-01 6.20E-01 6.50E-01 7.03E-01 6.10E-01

Total body 5.95E-01 4.69E-01 4.90E-01 5.26E-01 5.53E-01 5.97E-01 5.18E-01
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Disscusion

The effective half-life obtained from the TAC
ranged from 127.6 to 162.6 hours, with a mean + S.D.
of 145.7 + 13.4 hours. The plot of TAC should be a
straight line, or very nearly so. If it is not, the data needs
to be verified. Common causes of error are: time and
data entered incorrectly; counts measured incorrectly;
incorrect gamma camera settings (e.g., one scan was at
a different speed, window setting etc.); significant
change in patient lifestyle during dosimetry examination
period (exercise, work, diet, quantity of fluid drunk
etc.).

The mean + S.D. of the residence time was
210.3 +£19.4 (184.1 to 234.6) hours (Table 1). However,
the residence time is a characteristic of individual patient,
which is always shorter than the physical half-life.
An accurate organ residence time is an essential part
of treatment planning dosimetry.

The administered therapeutic activity of
“'I-Rituximab ranged from 0.85 to 1.34 GBq (mean,
1.16 £0.16 GBq) (Table 2). Our result was similar to that
of the study by Calais et al.'” They evaluated the Teff from
the tracer study of "*'I-Rituximab according to the

prescribed dose of 0.75 Gy to the whole body ranging
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dose calculation based on the measured total-body
residence time and effective half-lives was appropriate
for therapeutic dose calculation and a formed to be good
predictor forpotential marrow toxicity. We demonstrated
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required to evaluate its greater impact.

1. Juweid ME. Radioimmunotherapy of B Cell Non-Hodgkin's Lymphoma-From Clinical Trials to Clinical

Preactice. J Nucl Med. 2002;43(11):1507-29.

2. Jacene HA, Filice R, Kasecamp W, Wahl RL. Comparison of 90Y -ibritumomab tiuxetan and 13 11-tositumomab
in clinical practice. J Nucl Med. 2007;48(11):1767-76.

3. Leahy MF, Turner JH. Radioimmunotherapy of relapsed indolent non-Hodgkin lymphoma with 13 11-rituximab

in routine clinical practice: 10-year single-institution experience of 142 consecutive patients. Blood.

2011;117(1):45-52. doi:10.1182/blood-2010-02-269753.

4. Gopal AK, Rajendran JG, Gooley TA, et al. High-dose [1311] tositumomab (anti-CD20) radioimmunotherapy

and autologous hematopoietic stem-cell transplantation for adults > or = 60 years old with relapsed or refractory

B-cell lymphoma. J Nucl Med. 2007;25(11):1396-402.



10.

11.

12.

13.

14.

15.

16.

17.

18.

14 Ramathibodi Medical Journal

Leahy MF, Seymour JF, Hicks RJ, Turner JH. Multicenter phase II clinical study of iodine-131-rituximab
radioimmunotherapy in relapsed or refractory indolent non-Hodgkin's lymphoma. J Clin Oncol.
2006;24(27):4418-25.

Bishton MJ, Leahy MF, Hicks RJ, Turner JH, McQuillan AD, Seymour JF. Repeat treatment with iodine-131-
rituximab is safe and effective in patients with relapsed indolent B-cell non-Hodgkin's lymphoma who had
previously responded to iodine-131-rituximab. Ann Oncol. 2008;19(9):1629-33. doi:10.1093/annonc/mdn172.
Lymphomation.org. Comparing Properties of Bexxar and Zevalin. http://www.lymphomation.org/compare-
bexxar-zevalin.htm. Updated August 16, 2013. Accessed Apirl 20, 2016.

Turner JH, Martindale AA, Boucek J, Claringbold PG, Leahy MF. 1311-Anti CD20 radioimmunotherapy of
relapsed or refractory non-Hodgkins lymphoma: a phase II clinical trial of a nonmyeloablative dose regimen
of chimeric rituximab radiolabeled in a hospital. Cancer Biother Radiopharm. 2003;18(4):513-24.

Mihailovic J. Current concepts of 1311 therapy in oncology: Indications, methods and follow up. Archive of
oncology. 2006;14(1-2):45-51. doi:10.2298/A000602045M.

Siegel JA, Yeldell D, Goldenberg DM, et al. Red marrow radiation dose adjustment using plasma FLT3-L
cytokine levels: improved correlations between hematologic toxicity and bone marrow dose for
radioimmunotherapy patients. J Nucl Med. 2003;44(1):67-76.

Changmuang W, Chotipanich C, Tuntawiroon M, Chuamsaamarkkee K, Jumpee C, Wittayachokkitikhun S.
First experience for internal dosimetry calculation of red marrow in Thai-neuroendocrine tumor patients treated
with 1311-MIBG. J Nucl Med. 2009;50(Suppl 2):2131.

Calais PJ, Turner JH. Standard Operating Procedure for Prospective Individualised Dosimetry for ([131])
I-rituximab Radioimmunotherapy of Non-Hodgkin's Lymphoma. World J Nucl Med. 2012;11(3):110-6.
doi:10.4103/1450-1147.103409.

Kaminski MS, Fig LM, Zasadny KR, et al. Imaging, dosimetry, and radioimmunotherapy with iodine
131-labeled anti-CD37 antibody in B-cell lymphoma. J Clin Oncol. 1992;10(11):1696-711.

Wahl RL, Kroll S, Zasadny KR. Patient-specific whole-body dosimetry: principles and a simplified method
for clinical implementation. J Nucl Med. 1998;39(8 Suppl):14S-20S.

Stabin MG, Sparks RB, Crowe E. OLINDA/EXM: the second-generation personal computer software for
internal dose assessment in nuclear medicine. J Nucl Med. 2005;46(6):1023-7.

Stabin MG, Siegel JA, Sparks RB, Eckerman KF, Breitz HB. Contribution to red marrow absorbed dose from
total body activity: a correction to the MIRD method. J Nucl Med. 2001;42(3):492-8.

Calais PJ, Turner JH. Outpatient 13 1I-rituximab radioimmunotherapy for non-Hodgkin lymphoma: a study in
safety. Clin Nucl Med. 2012;37(8):732-7. doi:10.1097/RLU.0b013e31825ae6f6.

Kositwattanarerk A, Changmuang W, Sangsuriyan J, et al. 131]-rituximab treatment in patient with relapsed

non-Hodgkin's lymphoma: the first case report in Thailand. J Med Assoc Thai. 2013;96(6):756-60.



Rama Med J 2017; 40: 8-15 15

Original Articles/HNUT AU

[ v A FYA < Y g A ca
m'iﬂ1u’Jmﬂ‘%mmsaacluﬁdﬂ’mmmmummamueuaamnu
a c’d' YV Y VY v v A
‘lﬂ!ﬂ‘]Jl“lfatﬁ’lvlﬂiﬂﬂ1i’iﬂﬁ1ﬂﬂﬂﬁ1’§!ﬂﬁ‘ﬂ‘§\‘lﬁ
ITodine-131-Rituximab

a d a o di a a d c'>
301 1193039, 1005 TaEaTaugny’, faaney nesnar’,
a d Aa v d
WNENID 193QYHUE', DUNBST A, SIua aaar’

a dAa 14 a o a 14 a a o a
"@Ivnsmaniiunass MAIYINTINGT ANSUNNEMAAT [N INFUA UHIINe1aeuTAa
2 Jd a o Aaa S ] a 4
guenan lo To Ina) annjuma Tu Tagiunae5unama @9an1sumIv)

UNAALD

131

(Y d A o 2 [T v v A . . @ PRl <
’Jﬂﬁlﬂ‘izﬁ'\‘lﬂ: omuInYIT AN IS TV TSI dY59T P -rituximab ﬂluﬂWiﬁﬂHWﬁ‘ﬂﬁﬂM%!i\?

1 %’ = Ia a A 4 Yy a [T} A A Y Yo A
ABDUUUVADIUDUIDAINUTUALIYAD Iﬂﬂ’t’)N@\iﬂQﬁMWmNﬁﬂﬂﬂﬁuﬂiNﬂWﬂEjﬂ’JﬂHlﬂiﬂqmﬂu 0.75 Gy

as =S @ Yo A Y o 1 aa 1Y 1 v A Y 1 PAL

IBMIADEN: 1’1ﬁ\‘l{ﬂ']ﬂﬂTﬁ616155Qﬁﬂ%uWﬂ!uﬂﬂﬁ”lﬁﬁ‘Uﬂ’lﬁ']u{ﬂﬂﬂ !Lﬁ%ﬁl‘ﬂﬂuﬂ"lﬁﬂ']flﬂ'lWﬁ\‘lﬁQ‘]J')ﬂlL@]ﬁgﬁﬁJ Tﬂﬂlﬁﬂ?ﬂ

Y

NINUATIUIU 8 518 (919 59.0 + 11.6 1)) 1ATUUS1@A1NNT 59T 185 MBq u0eensndw5ad ' I-rituximab

Y ) v

Aahmarasaonsm NnUutENNSENIAIUTLazs eIt e 10 i 3 u ez 6 A awdw
(% Y Yo v w A g’/ o 9 =) v v A v PR

ﬁaﬁ‘ﬂ’lﬂﬁﬂjﬂllﬂiﬂﬁTﬁlﬂﬁaﬁﬁﬁﬁ ‘ﬂTﬂuu%WﬂWﬁﬁﬁWQﬂi’lwﬂ"lﬁaﬂa\‘lsllﬂx‘lﬂﬁiﬂﬂlﬁTiLﬂﬁ%ﬁﬂﬁiu’i?ﬂﬂ’]ﬂ@ﬂ'}ﬂ

A v a9 A ¥ o ' a R Aa o ~ v v a

ANULIAINDIYININIIT SUf]Hﬁ‘VIVlﬂ{ﬂ"lﬂﬂ'i'W‘lﬂ\1ﬂﬁ'l'JGlGISS’Gluﬂ'lﬁﬂﬁl’muﬂﬁ\‘]‘h"?mﬂ\iﬂa FEYSLIANATNTABINATASTY
] U o [ v @ . . o o @ 1 < J 3

g 113 19M 1AZMUINANNUTITITVOIIN TN TYSIT " T-rituximab dmSulFsnudThouzi5saominaos

]
= v 1

Ia a A 4 =2 o v A A Y Y
HUBUIDAINUTUAVLT AR mummmmiﬁmmim@ﬂﬂaum FYITAN 9 ﬂlﬂﬂﬁﬂﬁﬂﬂﬂﬂiﬂﬁllﬂﬁﬂ MIRDOSE 3.1

= I R Aa o ~ v o A 1 ' A P @
WaANMIANE: ANAIIVINYING lla$ﬁ$83L3a1ﬂﬁ1i!ﬂﬁ%iﬂﬁﬁ$ﬁuﬂgiuiWﬂﬂ’lﬂNﬂ’]Lﬂaﬂlﬂu 145.7+13.4 "]f'JIlN
o o w @ ¥ v A . . ) @ [ U <3 1
18 2103 + 19.4 57 119 WA IAY ANUUTISITUVOIMSNFBTIT P T-rituximab 1450155 nw i euzi5 snen
3 = Ia a A I A & ' A = o A A A o [ T
mmamuaué’laﬂﬂﬂu%uﬂm%aanmmamﬂu 1.16 £ 0.16 GBq ﬂ'l!ﬂﬁflﬂiﬂ?ﬂ!i\iﬁﬂﬂﬂau nay ‘]J’E]ﬂ i\ihlsll
o < 13

llellﬂ‘igﬂﬂl,lﬂ\‘], DUNS !La$ﬂ351\3ﬂ1ﬂﬁﬂ1lﬂu 0.58 £0.05, 0.54 £ 0.05, 0.63 £ 0.06, 0.56 + 0.05, 0.53 + 0.05 LY
0.54 +0.06 mGy/MBq @ 0@a191)

v H 9
agi: Snasidndihe1d5uTalddeyavesdihelunaazsie Tasdrvalsuusidganauidiensds
=

Yo 1A g o o o = [ . .
”lm‘uhlumu 0.75 Gy Uu ;Jﬂ')’llllﬁll’lgallﬁ1Willﬂ’liﬂ’lu’]mﬂiu’]mﬂ'J’]Nlliﬂellﬁl\iﬁ'lﬂﬂaﬂﬁﬂﬁ P-rituximab

[ PAl A ' @ o A Al
Gluﬂﬁiﬂ}J'IQ“lJ’JEJLW?JGH’JEJﬁﬂ’E]G]ﬂﬂﬁ@nﬂuaZﬂiﬂﬂgﬂﬂmﬂWW%’m%E}Q@ﬂ’Jﬁl

o o

AT I-131-Rituximab, Radioimmunotherapy, Non-Hodgkin’s Lymphoma, Red marrow dose, Absorbed dose
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