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Abstract 

131I-Meta-iodobenzylguanidine (131I-mIBG) is a radiopharmaceutical used in the 
diagnostic and therapeutic application for neuroendocrine tumors. The similarity of 
mIBG structure to guanethidine and the neurotransmitter norepinephrine provides 
a means of specific tumor localization. Treatment of 131I-mIBG is generally limited 
by the maximum tolerated absorbed doses to red marrow that should not exceed 2 
Gray. The principal side effect, hematological toxicity, has proven to be the therapy-
limiting toxicity. Pre-therapeutic patient-specific dosimetry is essential to ensure that a 
treatment dose has high degree of safety and efficacy. The purpose of this article was 
to review the methods applied for red marrow dosimetry to minimize the risk of toxicity. 
Focus is given on data concerning the therapeutic application of neuroendocrine tumors 
patient treated with 131I-mIBG.
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ABBREVIATIONS
keV: kilo Electron Volt; MeV: Mega Electron Volt; ml: Milliliter; 

kg: kilogram; MBq: Mega Becquerel; GBq: Giga Becquerel

INTRODUCTION
Meta-iodobenzylguanidine (mIBG) is a guanethidine 

derivative structurally resembling norepinephrine, providing 
a means of specific tumor localization for radiopharmaceutical 
delivery to neuroendocrine tumors [1-3]. Its structure consists of a 
combination of the benzyl portion of bretylium and the guanidine 
group of guanethidine. It is radio iodinated at position 3 of the 
aromatic ring (Figure 1). The uptake of mIBG in adrenomedullary 
tissue occurs by a type I amine uptake mechanism [4,5]. The 
first clinical applications of 131I-mIBG have been developed at 
the University of Michigan since 1980. A variable response to 
treatment has been reported, and although the treatment is 
usually given with palliative intent, complete responses have 
occasionally been reported [6-8]. 131I emits beta particle with a 
maximum energy of 0.61 MeV and a gamma ray of 364 keV. It has 
a physical half-life of 8.05 days (Table 1). Approximately 80% of 
beta particles transmit through the cells within a radius of about 
0.8 millimeters [9]. The beta particles emitted by 131I taken up 
into neighboring cells while gamma emission is used for imaging.

Damage to living tissues from radiation-absorbed dose is 
then a limitation of 131I-mIBG treatments. The critical organ of 

this radiopharmaceutical is the red marrow. The principal side 
effect is hematological toxicity, especially thrombocytopenia and 
leukopenia [7,10]. The contribution of radiation-absorbed dose to 
red marrow should not exceed 2 Gray [11-13]. Howman-Giles et 
al., [14] had reported the side effects with 131I-mIBG in 12 patients 
of malignant pheochromocytoma. Grade 3 thrombocytopenia was 
observed in 79 % of the cases and grade 3 and 4 granulocytopenia 
in 53% and 19 %, respectively. Additionally, the long-term effects 
are hypothyroidism as a consequence of inadequate thyroid 
blockade. The thyroid blockade drugs are likely to interfere with 
the uptake or retention of 131I-mIBG, which should be withdrawn 
before treatment. Radiation-induced leukaemia may be developed 
after treatment with 131I-mIBG, but this is a rare possibility [10]. 
Leukemia is a stochastic effect that has no threshold dose. The 
incidence of secondary leukaemia is proportional with radiation 
dose. However, leukaemia appears earlier after treatment than 
do other cancers that reach a peak incidence within 5 to 10 years 
and decline slowly thereafter.

Internal Dosimetry Concept

The most widely used method of calculating internal dosimetry 
for a patient treated with unsealed sources has been developed 
by the Medical Internal Radiation Dose (MIRD) Committee of the 
American Society of Nuclear Medicine. The concepts of MIRD for 
internal dose calculation are a set of source organs (i.e., those 
that have a significant uptake of the radiopharmaceutical) and a 
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set of target organs (i.e., those that are being irradiated by the 
source organs) [15-18]. The MIRD schema makes the assumption 
that activity is uniformly distributed in the source organ. It also 
assumes that the shape, size, and position of the organs are 
represented by the mathematic anthropomorphic models (Figure 
3) [19]. The basic MIRD expression of absorbed dose in the target 
organ can be calculated by the simple formula in equation 1 and 
2 [19-21]. This method arises in calculating the absorbed dose to 
the target organ from radioactivity in a source organ as shown in 
Figure (2) [22].



0( ( )rk h k h k hD A S r r A S r rτ= ← = ←                             (1),
where Drk is absorbed dose to a target organ (µCi/hr or Gy/

sec), 



hA is the cumulated activity in the source organ (µCi-hr or 
MBq-sec),                          

 τ   is the residence time of radioactivity (hr), 

A0 is the administered dose (µCi or MBq), and 

   S values are given by equation 2:  

( )( ) i i i k h
k h

k niE r rS r r
m

Σ Φ ←
← =                                     (2),

where ( )k hS r r←   is absorbed dose per unit activity (rad/
µCi-hr or mGy/MBq.sec), 

k   is the MIRD schema provide a proportionality constant 
that is 2.13 (rad-g/µCi-hr-MeV or Gy-kg/MBq-sec-MeV), 

ni   is the number of radiations with energy E emitted per 
nuclear transition, 

E    is the energy per radiation (MeV), 

φi    is the fraction of energy absorbed in the target, and 

m    is the mass of the target region (g or kg).

Assessment of Red Marrow Dosimetry

The activity and concentration of the 131I-mIBG in all major 
Figure 1 Structural comparison of nor epinephrine, guanethidine and 
metaidobenzyl guanidine (mIBG) [4].

Table 1: The physical data of iodine-131 [9].
Gamma energies 364 kilo electron volt (82 % abundance)

637 kilo electron volt (7 % abundance)

284 kilo electron volt (6 % abundance)

Beta energies 192 kilo electron volt

(89 % abundance/average)

610 kilo electron volt

(89 % abundance/maximum)

Half-life

Physical half-life 8.05 days

Biological half-life 135 days

Effective half-life 7.60 days

Specific gamma constant 
(Γ)

0.22 milliroentgen per hour at 1 meter per
millicurie

Figure 2 Absorbed doses delivered to a target organ from one or more 
source organs containing radioactivity is calculated by the absorbed 
fraction method [22].

Figure 3 Computer plots of sections through adult hermaphrodite 
phantom, illustrating the shape of the internal organs and their 
relative position [19].
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source organs and spaces in the body must be determined for 
the dose calculation step (Figure 4) [23]. The red marrow is the 
critical organ for most 131I-mIBG therapies. Mostly, red marrow 
doses cannot be determined directly. Calculation of the internal 
radiation absorbed dose to red marrow using a standard blood 
model and patient-specific data by measuring the total body 
clearance of the 131I-mIBG and the retained activity in peripheral 
blood will reduce these radiation effects and improve the quality 
of life of the patients after treatment. The activity in the blood 
is determined from periodic heparinised blood samples. The 
activity in the total body could be monitored redundantly using 
independent techniques: total body counting with a probe using 
fixed geometry and conjugate views of whole body scans obtained 
by a dual headed gamma camera [24]. Following the MIRD 
schema, the absorbed dose to red marrow (Drm) is calculated as 
the sum of self-absorbed dose in red marrow (Drm⇓rm), and the 
absorbed dose to red marrow from activity in the remainder of 
the total body (Drm⇓rb) [11,25].

rm rm rm rm rbD D D← ←= +                                                               (3)

 

rm rm rm rm rbD A S A Sb←= × + ×                                              (4),

Where Ã is the cumulated activity and S target←source is the 
S value for a source irradiating a target. The cumulated activity 
represents the time integral of the activity in the source region 

over the time interval of interest.

Blood Activity: Changing activities concentration in blood 
can be determined from serial blood samples acquired at various 
time after the administration of 131I-mIBG. Usually, 3 to 5 ml of 
blood is collected at 1, 4, 24, 48,72 and 96 hours from a vein in 
the limb opposite to that in which the 37 MBq of 131I-mIBG was 
administered. The radioactivity of each sample is measured with 
a calibrated gamma counter. The activity concentration in red 

marrow (  rmA   ) is determined from the serial of blood activity. 
The principal equation is Equation 5.
 [ ]rm bl rmA A m RMBLR= × ×                                                   (5),

where [Ãbl]  is the cumulated activity concentration in blood

mrm   is the patient-specific red marrow mass and 

RMBLR is the red marrow to blood activity concentration 
ratio.

The values of mrm are generally difficult to assess. They may 
be scaled from the reference man value of 1.5 kg for 70 kg man 
by using the patient’s total body mass (mtb), as mrm = (1.5 kg/70 
kg) x mtb [26,27]. As regards RMBLR, specific values have been 
suggested for different therapies. In case of radioimmunotherapy 
with monoclonal antibodies the well-known equation by Sgouros 
[28] is generally applied in equation 6.

RMECFF

RMBLR 
(1 )HCT

=
−

                                                           (6),

where RMECFF is the patient-specific Red Marrow Extra 
Cellular Fluid Fraction HCT is the haematocrit

RMECFF varies among patients. In the absence of specific 
knowledge, a value of 0.19 is generally assumed. However, the 
most importance of RMBLR is the actual patient haematocrit. 
The value of RMBLR is in the range of 0.2-0.4, depending on 
haematocrit. The normal values of haematocrit are of the order 
of 0.41-0.50 for males and 0.36-0.44 for females [29,30].

Total Body Retention: This information can be measured 
most conveniently with a probe placed at 2 to 6 meters from 
the surface of the patient as shown in Figure (5) [23]. Here, one 
obtains a reading for the count rate from the patient about 10 
to 20 minutes after the activity is administered and prior to any 
excretion via urine or feces. This initial value is used to normalize 
all subsequent measurements made in the same geometry. The 
assumption of this approach is that the sensitivity of the probe 
or dosimeter used to measure the various readings is reasonably 
independent of where the activity is located within the patient. As 
in the probe case, positioning of the patient for repeat scans will 
require a localization method. One technique is the use of wall-
mounted lasers to make reposition of the patient serially.

A second method for measuring total body retention is a 
sequence of whole body images taken with a gamma camera in 
scanning mode. Generally, these images will include regions from 
the top of the head to the toes with the arms being visible at the 
sides of smaller patients. This method has the advantage that 
distributions within patient organs can be acquired at the same 
time as the whole body image.

Figure 4 Treatment strategy for 131I-mIBG therapy based on limit 
dose (2 Gray) to red marrow [23].
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In general, the biodistribution of 131I-mIBG in the total body 
includes the activity in the red marrow, in identified source 
organs and in the remainder of the body. The cumulated activity 
in the remainder of the body (  rbA ) is determined from Equation 
7.

Remainder of the body equals the total body minus by the red 
marrow.
    [ ]rb tb rm tb bl rmA A A A A m RMBLR= − = − × ×        (7),

Where  rbA is the cumulated activity in the remainder of the 
body
 tbA is the cumulated activity in the total body

Patient-specific dosimetry calculation: The equation for 
red marrow dose calculation is rewritten as in equation 8 [29-
31], which represents the data of each patient. The patient- 
specific parameters are expressed in lower case letters (e.g., mtb 
is the total body mass of the patient), while the standard man/
woman parameters are expressed in capital letters (e.g., mTB is 
the total body mass of the standard man/woman).
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Generally, the administered dose of 131I-mIBG is in terms 
of total activity (GBq), activity per unit of body weight (GBq/
kg), or activity per unit of body surface (GBq/m2) whichever is 
convenient, but the relationship between radiation dose from 
131I-mIBG and toxicity may be uncertain [32,33]. However, 
the publication of O’Donoghue et al., showed [34] that the red 
marrow dose predicted with patient-specific data was better than 
administered activity or administered activity per meter square 
with respect to hematological toxicity. Certainly, biodistribution 
and retention time of 131I-mIBG in the body of each patient has 
a different pattern. It may occur from the previous treatment of 
patients such as external radiation therapy and chemotherapy 
issues. Changmuang et al., [35] showed the interested results of 
Thai-neuroendocrine tumor patients treated with 131I-mIBG. The 
maximum administered dose calculated from tracer dose (37 
MBq) delivered to each patient did not exceed the red marrow 
dose limit 2 Gray. The toxicity for each patient was observed 
every 2 weeks. It showed only a few numbers of patients with 
significant hematological toxicity.

DISCUSSION & CONCLUSION
Biodistribution and retention activity of 131I-mIBG in the 

body of each patient has a different pattern. The administration 
activities with traditional methods should be considered. 
Therefore, assessment of red marrow dose using patient-
specific dosimetry technique before 131I-mIBG treatments with a 
diagnostic dose of 131I-mIBG is a good predictor for red marrow 
toxicity, as shown the step in Figure (4). If this method is used 
for the future planning of 131I-mIBG treatments to maximize the 
treatment potential with acceptable toxicity, it is believed that, 
the morbidity will decrease and the quality of life of the patients 
be improved.

Patient-specific dosimetry technique is comparatively easy 
to perform before and during therapy. Moreover, this method 
can be applied to the treatment of thyroid cancer with 131I-
Na in renal dysfunction patients [36,37] non-Hodgkin B-cell 
lymphoma with 131I-Rituximab  Radioimmunotherapy  [38-40]  
and  neuroendocrine  tumors  with  177Lu-DOTATATE peptide 
receptor radionuclide therapy [41] that has been published.

REFERENCES
1. Gnanasegaran G, Kapse N, Buscombe JR. Recent Trends in Radionuclide 

Imaging and Targeted Radionuclide Therapy of Nuroendocrine 
Tumours. IJNM. 2005; 20: 55-56. 

2. Buckley SE, Saran FH, Gaze MN, Chittenden S, Partridge M, Lancaster 
D, et al. Dosimetry for fractionated (131)I-mIBG therapies in patients 
with primary resistant high-risk neuroblastoma: preliminary results. 
Cancer biotherapy & radiopharmaceuticals. 2007; 22:105-112. 

3. Kaltsas GA, Besser GM, Grossman AB. The diagnosis and medical 
management of advanced neuroendocrine tumors. Endocr rev. 2004; 
25: 458-511. 

4. Hoefnagel C, Lewington V. MIBG treatment. In: Murray I, Ell P, Strauss 
H, editors. Nuclear Medicine in Clinical Diagnosis and Treatment. New 
York: Longman Group Limited; 1994: 3.

5. Troncone L. Radiolabelled metaiodobenzylguanidine in the diagnosis 
of neural crest tumors. In: Murray I, Ell P, Strauss H, editors. Nuclear 
Medicine in Clinical Diagnosis and Treatment New York: Longman 
Group Limited 1994; 2: 745-756.

Figure 5 Measurement of whole body retention activity with probe 
detector [23].

http://medind.nic.in/iaw/t05/i3/iawt05i3p55.pdf
http://medind.nic.in/iaw/t05/i3/iawt05i3p55.pdf
http://medind.nic.in/iaw/t05/i3/iawt05i3p55.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17627418
http://www.ncbi.nlm.nih.gov/pubmed/17627418
http://www.ncbi.nlm.nih.gov/pubmed/17627418
http://www.ncbi.nlm.nih.gov/pubmed/17627418
http://www.ncbi.nlm.nih.gov/pubmed/15180952
http://www.ncbi.nlm.nih.gov/pubmed/15180952
http://www.ncbi.nlm.nih.gov/pubmed/15180952


Central

Changmuang (2016)
Email: 

J Radiol Radiat Ther 4(1): 1059 (2016) 5/6

6. Garaventa A, Guerra P, Arrighini A, Bertolazza L, Bestagna M, 
DeBernardi B, et al. Treatment of advanced neuroblastoma with 
131I-metaiodobenzylguanidine. Cancer. 1991; 67: 922-928. 

7. Howard JP, Maris JM, Kersun LS, Huberty JP, Cheng SC, Hawkins RA, et 
al. Tumor response and toxicity with multiple infusions of high dose 
131I-MIBG for refractory neuroblastoma. Pediatr Blood Cancer. 2005; 
44: 232-239. 

8. Lashford LS, Lewis IJ, Fielding SL, Flower MA, Meller S, Kemshead 
JT, et al. Phase I/II study of 131I- metaiodobenzylguanidine in 
chemoresistant neuroblastoma- a United Kingdom Children’s Cancer 
Group investigation. J Clin Oncol. 1992; 10:1889-1896.

9. Iodine-131. 2015; 18.

10. DuBois SG, Messina J, Maris JM, Huberty J, Glidden DV, 
Veatch J, et al. Hematologic toxicity of high-dose iodine-131-
metaiodobenzylguanidine therapy for advanced neuroblastoma. J Clin 
Oncol. 2004; 22: 2452-2460.

11. Hindorf C, Glatting G, Chiesa C, Linden O, Flux G, Committee ED. EANM 
Dosimetry Committee guidelines for bone marrow and whole-body 
dosimetry. Eur J Nucl Med Mol Imaging. 2010; 37: 1238-1250. 

12. Gaze MN, Chang Y-Ci, Flux GD, Mairs RJ, Saran FH, Meller ST. Feasibility 
of  dosimetry-based high-dose 131I-meta-iodobenzylguanidine 
with topotecan as a radiosensitizer in children with metastatic 
neuroblastoma. Cancer Biother Radiopharm. 2005; 20: 195-199. 

13. Traino AC, Martino FD, Boni G, Mariani G, Lazzeri M. A minimally 
invasive  method to evaluate 131I kinetics in blood. Radiat Prot 
Dosimetry. 2004; 109: 249-252. 

14. Howman-Giles R, Shaw P, Uren R, Chung D. Neuroblastoma and other 
neuroendocrine tumors. Semin Nucl Med. 2007; 37: 286-302. 

15. Robertson JS. Absorbed dose calculation. In: Harbert JC, Heak KD, 
editors. Nuclear  Medicine Therapy. New York: Thieme Medical 
Publishers, Inc; 1987. 

16. Stabin M. Nuclear medicine dosimetry. Phys. Med. Biol. 2006; 51: 
R187-202. 

17. Bushberg J, Stabin M. Radiopharmaceutical Dosimetry. In: Sandler 
M, Colman R, Patton J, Wackers FT, Gottschalk A, Hoffer P, editors. 
Diagnostic Nuclear Medicine.  3 ed: Williams and Wilkins; 1996. 

18. Zanzonico PB. Internal radionuclide radiation dosimetry-A review of 
basic conceps and recent developments. J Nucl Med. 2000; 41: 297-
308. 

19. Stabin M. Fundamentals of Nuclear Medicine Dosimetry. New York: 
Springer-Verlag. 2008: 237. 

20. Stabin M. Internal Dosimetry in Nuclear Medicine. Braz J Radiat Sci. 
2013; 1: 1-15. 

21. Stabin M, Sparks R, Crowe E. OLINDA: EXM-The Second-Generation 
Personal Computer Software for Internal Dose Assessment in Nuclear 
Medicine. J Nucl Med. 2005; 46: 1023-1027. 

22. Wessels BW. Radiopharmaceutical dosimetry. 2015.

23. Macey DJ, Breitz LE, Liu A, Johnson TK, Zanzonico PB. AAPM Report 
No.71-A primer for radioimmunotherapy and radionuclide therapy. 
USA: Medical Physics Publishing. 2001. 

24. Lassmann M, Luster M, Hanscheid H, Reiners C. Impact of 131I 
diagnostic activities on the biokinetics of thyroid remnants. J Nucl 
Med. 2004; 45: 619-625. 

25. Lassmann M, Hanscheid H, Chiesa C, Hindorf C, Flux G, Luster M, 
et al. EANM Dosimetry Committee series on standard operational 
procedures for pre-therapeutic dosimetry I: blood and bone marrow 

dosimetry in differentiated thyroid cancer therapy. Eur J Nucl Med 
Mol Imaging. 2008; 35:1405-1412. 

26. Wessels BW, Bolch WE, Bouchet LG, Breitz HB, DeNardo GL, Meredith 
RF, et al. Bone marrow dosimetry using blood-based models for 
radiolabeled antibody therapy-A multiinstitutional comaprison. J Nucl 
Med. 2004; 45:1725-1733. 

27. ICRP. (International Commission on Radiological Protection). Report 
of the Task Group on Reference Man. ICRP Publication 23, Ottawa, 
Canada. 1975.

28. Sgouros G. Bone Marrow Dosimetry for Radioimmunotherapy-
Theoretical Consideration. J Nucl Med.1993; 34: 689-694. 

29. Traino AC, Ferrari M, Cremonesi M, Stabin MG. Influence of total-body 
mass on the scaling of S-factors for patient-specific, blood-based red-
marrow dosimetry. Phys Med Biol. 2007; 52: 5231-5248. 

30. Hindorf C, Linden O, Tennvall J, Wingardh K, Strand SE. Time 
dependence of the activity concentration ratio of red marrow to blood 
and implications for red marrow dosimetry. Cancer. 2002; 94:1235-
1239. 

31. Miranti A, Giostra A, Richetta E, Gino E, Pellerito RE, Stasi M. 
Comparison of mathematical models for red marrow and blood 
absorbed dose estimation in the radioiodine treatment of advanced 
differentiated thyroid carcinoma. Phys Med Biol. 2015; 60: 1141-
1157. 

32. Tepmongkol S, Heyman S. 131I-MIBG Therapy in Neuroblastoma: 
Mechanisms: Rational: and Current Status. Med Pediatr Oncol. 1999; 
32: 423-431. 

33. DeNardo GL, Juweid ME, White CA, Wiseman GA, DeNardo SJ. Role of 
radiation dosimetry in radioimmunotherapy planning and treatment 
dosing. Crit Rev Oncol Hematol. 2001; 39: 203-218. 

34. O’Donoghue JA, Baidoo N, Deland D, Welt S, Divgi CR, Sgouros G. 
Hematologic Toxicity in Radioimmunotherapy: Dose-Response 
Relationships for I-131 Labeled Antibody Therapy. Cancer Biother 
Radiopharm. 2002; 17: 435-443. 

35. Changmuang W, Chotipanich C, Tuntawiroon M, Chuamsamarkkee 
K, Jumpee C, Wittayachokkitikhun S. First Experience for Internal 
Dosimetry Calculation of Red Marrow in Thai-Neuroendocrine Tumor 
Patients Treated with 131I-MIBG The Asean Journal of Radiology. 2011; 
17:145-50. 

36. Willegaignon J, Ribeiro VPB, Ono MSC, Watanabe T, Buchpiguel C. Is 
it necessary to reduce the radioiodine dose in patients with thyroid 
cancer and renal failure. Arq Bras Endocrinol Metabol. 2010; 54: 413-
418.

37. Alevizaki C, Molfetas M, Samartzis A, Vlassopoulou B, Vassilopoulos 
C, Rondogianni P, et al. Iodine 131 treatment for differentiated 
thyroid carcinoma in patients with end stage renal failure-Dosimetric, 
radiation safety and practical considerations. Hormones. 2006; 5: 
276-287. 

38. Kositwattanarerk A, Changmuang W, Sangsuriyan J, Thongklam K, 
Sritara C, Utamakul C, et al. 131I-rituximab treatment in patient with 
relapsed non-Hodgkin’s lymphoma: the first case report in Thailand. J 
Med Assoc Thai. 2013; 96: 756-760.

39. 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;11:110-116. 

40. Leahy MF, Turner JH. Radioimmunotherapy of relapsed indolent non-
Hodgkin lymphoma with 131I-rituximab in routine clinical practice-10 
year single-institution experience of 142 consecutive patients. Blood. 
2001; 117: 45-52.

http://www.ncbi.nlm.nih.gov/pubmed/1991264
http://www.ncbi.nlm.nih.gov/pubmed/1991264
http://www.ncbi.nlm.nih.gov/pubmed/1991264
http://www.ncbi.nlm.nih.gov/pubmed/15490487
http://www.ncbi.nlm.nih.gov/pubmed/15490487
http://www.ncbi.nlm.nih.gov/pubmed/15490487
http://www.ncbi.nlm.nih.gov/pubmed/15490487
http://www.ncbi.nlm.nih.gov/pubmed/1453204
http://www.ncbi.nlm.nih.gov/pubmed/1453204
http://www.ncbi.nlm.nih.gov/pubmed/1453204
http://www.ncbi.nlm.nih.gov/pubmed/1453204
https://en.wikipedia.org/wiki/Iodine-131.
http://www.ncbi.nlm.nih.gov/pubmed/15197208
http://www.ncbi.nlm.nih.gov/pubmed/15197208
http://www.ncbi.nlm.nih.gov/pubmed/15197208
http://www.ncbi.nlm.nih.gov/pubmed/15197208
http://www.ncbi.nlm.nih.gov/pubmed/20411259
http://www.ncbi.nlm.nih.gov/pubmed/20411259
http://www.ncbi.nlm.nih.gov/pubmed/20411259
http://www.ncbi.nlm.nih.gov/pubmed/15869455
http://www.ncbi.nlm.nih.gov/pubmed/15869455
http://www.ncbi.nlm.nih.gov/pubmed/15869455
http://www.ncbi.nlm.nih.gov/pubmed/15869455
http://www.ncbi.nlm.nih.gov/pubmed/15254330
http://www.ncbi.nlm.nih.gov/pubmed/15254330
http://www.ncbi.nlm.nih.gov/pubmed/15254330
http://www.ncbi.nlm.nih.gov/pubmed/17544628
http://www.ncbi.nlm.nih.gov/pubmed/17544628
http://sprmn.pt/pdf/pmb6_13_r12_Nuclear_Medicine_(MStabin).pdf
http://sprmn.pt/pdf/pmb6_13_r12_Nuclear_Medicine_(MStabin).pdf
http://www.ncbi.nlm.nih.gov/pubmed/10688115
http://www.ncbi.nlm.nih.gov/pubmed/10688115
http://www.ncbi.nlm.nih.gov/pubmed/10688115
http://www.bjrs.org.br/revista/index.php/REVISTA/article/view/9
http://www.bjrs.org.br/revista/index.php/REVISTA/article/view/9
http://www2.sbpr.org.br/revista/index.php/REVISTA/article/view/9/28
http://www2.sbpr.org.br/revista/index.php/REVISTA/article/view/9/28
http://www.ncbi.nlm.nih.gov/pubmed/15937315
http://www.ncbi.nlm.nih.gov/pubmed/15937315
http://www.ncbi.nlm.nih.gov/pubmed/15937315
http://www.ncbi.nlm.nih.gov/pubmed/15073258
http://www.ncbi.nlm.nih.gov/pubmed/15073258
http://www.ncbi.nlm.nih.gov/pubmed/15073258
http://www.ncbi.nlm.nih.gov/pubmed/18491092
http://www.ncbi.nlm.nih.gov/pubmed/18491092
http://www.ncbi.nlm.nih.gov/pubmed/18491092
http://www.ncbi.nlm.nih.gov/pubmed/18491092
http://www.ncbi.nlm.nih.gov/pubmed/18491092
http://www.ncbi.nlm.nih.gov/pubmed/15471841
http://www.ncbi.nlm.nih.gov/pubmed/15471841
http://www.ncbi.nlm.nih.gov/pubmed/15471841
http://www.ncbi.nlm.nih.gov/pubmed/15471841
http://www.ncbi.nlm.nih.gov/pubmed/8455089
http://www.ncbi.nlm.nih.gov/pubmed/8455089
http://www.ncbi.nlm.nih.gov/pubmed/17762083
http://www.ncbi.nlm.nih.gov/pubmed/17762083
http://www.ncbi.nlm.nih.gov/pubmed/17762083
http://www.ncbi.nlm.nih.gov/pubmed/11877751
http://www.ncbi.nlm.nih.gov/pubmed/11877751
http://www.ncbi.nlm.nih.gov/pubmed/11877751
http://www.ncbi.nlm.nih.gov/pubmed/11877751
http://www.ncbi.nlm.nih.gov/pubmed/25586549
http://www.ncbi.nlm.nih.gov/pubmed/25586549
http://www.ncbi.nlm.nih.gov/pubmed/25586549
http://www.ncbi.nlm.nih.gov/pubmed/25586549
http://www.ncbi.nlm.nih.gov/pubmed/25586549
http://www.ncbi.nlm.nih.gov/pubmed/10358701
http://www.ncbi.nlm.nih.gov/pubmed/10358701
http://www.ncbi.nlm.nih.gov/pubmed/10358701
http://www.ncbi.nlm.nih.gov/pubmed/11418317
http://www.ncbi.nlm.nih.gov/pubmed/11418317
http://www.ncbi.nlm.nih.gov/pubmed/11418317
http://www.ncbi.nlm.nih.gov/pubmed/12396707
http://www.ncbi.nlm.nih.gov/pubmed/12396707
http://www.ncbi.nlm.nih.gov/pubmed/12396707
http://www.ncbi.nlm.nih.gov/pubmed/12396707
https://www.researchgate.net/publication/236975544_First_Experience_for_Internal_Dosimetry_Calculation_of_Red_Marrow_in_Thai-Neuroendocrine_Tumor_Patients_Treated_with_131_I-MIBG
https://www.researchgate.net/publication/236975544_First_Experience_for_Internal_Dosimetry_Calculation_of_Red_Marrow_in_Thai-Neuroendocrine_Tumor_Patients_Treated_with_131_I-MIBG
https://www.researchgate.net/publication/236975544_First_Experience_for_Internal_Dosimetry_Calculation_of_Red_Marrow_in_Thai-Neuroendocrine_Tumor_Patients_Treated_with_131_I-MIBG
https://www.researchgate.net/publication/236975544_First_Experience_for_Internal_Dosimetry_Calculation_of_Red_Marrow_in_Thai-Neuroendocrine_Tumor_Patients_Treated_with_131_I-MIBG
https://www.researchgate.net/publication/236975544_First_Experience_for_Internal_Dosimetry_Calculation_of_Red_Marrow_in_Thai-Neuroendocrine_Tumor_Patients_Treated_with_131_I-MIBG
http://www.ncbi.nlm.nih.gov/pubmed/20625654
http://www.ncbi.nlm.nih.gov/pubmed/20625654
http://www.ncbi.nlm.nih.gov/pubmed/20625654
http://www.ncbi.nlm.nih.gov/pubmed/20625654
http://www.ncbi.nlm.nih.gov/pubmed/17178703
http://www.ncbi.nlm.nih.gov/pubmed/17178703
http://www.ncbi.nlm.nih.gov/pubmed/17178703
http://www.ncbi.nlm.nih.gov/pubmed/17178703
http://www.ncbi.nlm.nih.gov/pubmed/17178703
http://www.ncbi.nlm.nih.gov/pubmed/23951835
http://www.ncbi.nlm.nih.gov/pubmed/23951835
http://www.ncbi.nlm.nih.gov/pubmed/23951835
http://www.ncbi.nlm.nih.gov/pubmed/23951835
http://www.ncbi.nlm.nih.gov/pubmed/23372448
http://www.ncbi.nlm.nih.gov/pubmed/23372448
http://www.ncbi.nlm.nih.gov/pubmed/23372448
http://www.ncbi.nlm.nih.gov/pubmed/20864582
http://www.ncbi.nlm.nih.gov/pubmed/20864582
http://www.ncbi.nlm.nih.gov/pubmed/20864582
http://www.ncbi.nlm.nih.gov/pubmed/20864582


Central

Changmuang (2016)
Email: 

J Radiol Radiat Ther 4(1): 1059 (2016) 6/6

Changmuang W (2016) The Importance of Patient-Specific Dosimetry to Minimize the Risk of Red Marrow Toxicity from 131I-mIBG Therapies. J Radiol Radiat Ther 
4(1): 1059.

Cite this article

41. Changmuang W, Fernandez R, Gould S-M, Sibley-Allen C, Allen 
S, Livieratos L. Radiation Dosimetry and Radiation Safety in 
Neuroendocrine Tumour Patient  Undergoing 177Lu-DOTATATE 

Peptide Receptor Radionuclide Therapy Based on Series of Planar 
Whole Body Imaging. Annual Congress of the European Association of 
Nuclear Medicine. 2014; 18-22.


	The Importance of Patient-Specific Dosimetry to Minimize the Risk of Red Marrow Toxicity from 131I-m
	Abstract
	Abbreviations
	Introduction
	Internal Dosimetry Concept 
	Assessment of Red Marrow Dosimetry 

	Discussion & Conclusion 
	References
	Figure 1
	Table 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

