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Abstract t 
BACKGROUNDD During radiolabeled mctaiodobenzylguanidine (MIBG) 

administrationn in children with neuroblastoma, the thyroid is protected from 1 2 V n iI 

uptakee bv potassium iodide. Despite this protection, up to 64 % of patients develop 

thyroidd dysfunction. The authors introduce a new method of radiation protection for 

thee thyroid gland. 

METHODSS In a prospective cohort study, 34 children with neuroblastoma who 

receivedd MIBG were given thyroxine, methimazole and potassium iodide for protection 

off  the thyroid gland. Protection started one day before the start of diagnostic '~3L 

MIBGG and was continued until 4 weeks after the last therapeutic L,1I-MIB G dose. 

Follow-upp measurements were performed every 3 months after the protection was 

stopped.. Visualization of the thyroid on MIBG images was reviewed by three nuclear 

medicinee physicians. Results were compared with a historic control group of children 

whoo had received potassium iodide for thyroid protection during MIBG administration. 

RESULTSS After a mean follow-up of 19 months, there were 23 evaluable patients. 

Thvroidd function was normal in 86% of survivors compared with 44% of children in 

thee historic control group ( P = 0.011; Pearson chi-square test). Scintigraphic 

visualizationn of the thyroid diminished substantially after the new protection (21.5 % 

vs.. 5.3 %, respectively; P = 0.000). 

CONCLUSIONSS The results of the current study indicate that compared with 

potassiumm iodide alone, combined thyroxine, methimazole and potassium iodide protect 

thee thvroid more effectively against radiation damage from I 2V lM I during diagnostic 

andd therapeutic MIBG administration in children with neuroblastoma. 
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Introductio n n 
Radiolabeledd metaiodobenzylguanidine (MIBG) is used frequently for diagnostic (mI -

MIBG)) and therapeutic (B1I-MIBG ) purposes in children with neuroblastoma '-2. 

However,, free radioiodide is formed due to chemical instability of the drug and through 

biologicc degradation of MIBG by the liver V(S. 131I will be taken up by the thyroid 

gland,, resulting in radiation damage. Exposure of the thyroid gland to external beam 

radiationn or radioiodide may lead to hypothyroidism, thyroid nodules, radiation 

thyroiditiss and thyroid carcinoma 7"12. Although doses of radiation to the thyroid 

glandd during diagnostics or treatment with radiolabeled MIBG are much lower than 

duringg external radiotherapy, it is important to be aware of the hazardous effects of 

radio-iodidee 13,14. Furthermore, thyroid tissue in children appears to be more radio-

sensitivee than in adults 1> I' and children with neuroblastoma may even be more 

susceptiblee to radiation effects on this gland compared with children who have other 

malignanciess lH. 

Too protect the thyroid against these adverse radiation effects, it is common practice to 

administerr excessive amounts of potassium iodide during exposure to radioiodide. 

Forr instance, in nuclear accidents, such a radiation protection is advised for both 

adultss and children ll>'21. 

Usingg potassium iodide for radiation protection of the thyroid gland during 131I-MIB G 

treatmentt in children, however, turned out to be less effective than expected (see 

Piccoo et al22, Garaventa et a ln and van Santen et al. 24). In fact, up to 64 % of children 

whoo survived neuroblastoma developed plasma thyrotropin elevations after an average 

off  1.4 years (range 0,1-5.8 years), indicating thyroid dysfunction. A possible cause for 

thee failing prophylaxis is failure of the escapee mechanism following the Wolff-Chaikoff-

effectt 24. Because thyroid hormone is essential for normal growth and differentiation 

off  all tissues, it is of vital importance to have an optimal thyroid hormone state, 

especiallyy during the pre- and postnatal phases of brain development 2\ Maintaining 

aa state of euthyroidism during early childhood is especially important for children 

whoo are confronted with severe malignant disease and heavy physical treatments. 

Too improve the prevention of thyroid damage in young patients with neuroblastoma 

whoo are diagnosed and treated with !2V131I-MIBG , a prospective cohort study was 



performedd to evaluate the radioprotective effect of the combination of potassium 

iodidee (dilute and block) with methimazole (block) and L-thvroxine (replace)- the dilute, 

blockk and replace (DBR) prophylaxis. 

Materialss and Methods 
Studyy Patients 

Fromm August 1, 1999, to August 1, 2001, 34 patients who had suspected or diagnosed 

neuroblastomaa were included in the current prospective cohort study. Fifteen children 

presentedd with clinically suspicious indications for neuroblastoma at Emma Children's 

Hospitall  Academic Medical Center. Nineteen patients with proven neuroblastoma 

weree referred for treatment with 13II-MIB G to our center. The 15 children who 

presentedd directly to Emma Children's Hospital received the new thyroid protection 

fromm the very first diagnostic administration of  ,23FMIBG onward. The 19 patients 

whoo were referred from elsewhere had received potassium iodide alone for protection 

off  the thyroid during administration of  123I-MIB G for diagnostic purposes (110-160 

megabecqucrelss [MBq]). One patient received potassium iodide only during follow-

upp 123I-MIB G administration. The research protocol was approved by the Medical 

Ethicall  Committee of the Academic Medical Center. The parents of all patients 

providedd informed consent. 

Designn of the study 

Att diagnosis, plasma concentrations of thyrotropin, free thyroxine, thyroxine, 

triiodothyronine,, thyroglobulin, thvroxine-binding globulin, thyroglobulin antibodies, 

andd thyroperoxidase antibodies were measured in all patients. Patients with preexisting 

thyrotropinn concentration >4.5 müüunits (ml') per liter or free thyroxine concentrations 

lowerr than age related normal values were excluded. Ultrasound imaging of the thyroid 

glandd was performed just before or after the first 13II-MIB G treatment. Family history 

off  thyroid disease was documented. 

Thvroidd protection consisted daily of thyroxine 100 ug/m2 in 1 dose, methimazole 

0.55 mg/kg bod\ mass given in 2 doses, and potassium iodide 90 mg (100 mg per ml) 

givenn in 3 doses. AI! medications were administered orally. Thyroxine and methimazole 

weree started 1 day before administration of MIBG, and potassium iodide was started 
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onn the morning of administration of the radioactive MIBG. Thyroid protection was 

givenn for 3 days when ,23I-MIB G was administered. For patients who received therapy 

withh 13,I-MIBG, thyroxine and methimazole wrere given for 4 weeks, and potassium 

iodidee was administered for 2 weeks. If it already had been started, then protection 

wass continued between diagnostics with 1Z1I-MIB G and treatment with 'M I-MIBG , 

andd between treatments with 1MI-MIBG. 

Duringg protection, concentrations of thyrotropin and free thyroxine were checked once 

aa week. Directions for thyrotropin concentrations during BII-MIB G treatments wrere 

sett at 0.2-1.0 mU/L with a maximum free thyroxine concentration of 30 pmol/L. During 

admissionn to the hospital, risk factors for inadequate intake were documented, such as 

vomitingg and use of a naso-gastric tube. If the child had emesis within 30 minutes 

afterr administration of the protection, then the dose was repeated. To screen for 

possiblee liver or bone-marrow toxicity due to methimazole, aspartate aminotransferase, 

alaninee aminotransferase, hemoglobin and leukocyte counts with differentiation were 

evaluatedd once a week during protection. Follow-up measurements of thyrotropin, 

freee thyroxine, thyroxine, triiodothyronine, thyroglobulin, thyroxine binding globulin, 

thyroglobulinn antibodies, and thyroperoxidase antibodies were performed 1 month 

afterr prophylaxis was finished and every 3 months thereafter. 

Plasmaa thyroxine, triiodothyronine, and thyroglobulin antibody levels wTere measured 

byy in-housc radioimmunoassay methods. Plasma free thyroxine and thyrotropin were 

measuredd with a time-resolved fluoroimmunoassav (Delfia*  Free T4 and Delfia* 

hTSHVCallacc Oy, Tuurku, Finland); thyroglobulin was measured by an immunolumino-

metricc assay (ILMA,BrahmsE, Germany); thyroperoxidase anti-bodies by luminescence 

immunoassayy (LIA , Brahms*, Germany) and thyroxine-bindingglobulin was measured 

withh a radioimmune assay (Eikenchemical Co, Tokyo, Japan). 

Evaluation n 

Att the census date, December 2002, available follow-up data of thyroid function and 

radionuclidee imaging were collected and analyzed by the researchers. Of 34 patients 

withh proven or suspected neuroblastoma (Fig. 1), 1 patient was excluded due to an 

aberrantt thyroid function at diagnosis. Six patients received i23I-MIB G for diagnostic 

purposee only, 27 patients were diagnosed using ,23I-MIB G followed by therapy with 
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inn the course of the disease; 
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Figuree 1. Inclusion of patients and availability of follow-up data 

B1I-MIB GG at doses ranging from 100-200 mCi (3700-7400 MBq), Four patients died 

duringg therapy due to progressive neuroblastoma. Overall, follow-up data were available 

forr 28 patients: 5 who received !23I-MIB G only and 23 who received both l2,I-MIB G 

andd BlI-MIBG . 

Radionuclidee imaging in all patients for diagnostic purposes was performed 24 hours 

afterr injection of  l21I-MIBG. Posttherapeutic imaging was performed 3 days and 1 

weekk after ,31I-MIB G administration. AU MIBG scintigraphic studies were analyzed 

byy three nuclear medicine physicians. Radionuclide uptake in the thyroid gland on 

eachh scintigraphic image was scored semiquantativcly using a 3-point grading scale, 0 

indicatingg no detectable thyroid image, / indicating faint visualization of the thyroid, 

andd 2 indicating clear visualization of the thyroid. If the thyroid region could not be 

assessedd adequately due to metastases, broviac catheter, or a missing image, then it 

wass scored as 9. Other treatment modalities for neuroblastoma in 23 patients were 

collectedd from the patients' charts. 

Dataa were analyzed using SPSS software (version 10.0.7; SPSS Inc., Chicago, IL) and 

Microsoftt Excel 97 software (Microsoft Corp., Redmond, W'A). Descriptive statistics 
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weree calculated using Pearson chi-square and Mann-Whitnev tests. P values <. 0.05 

weree considered statistically significant. Due to differences in length of follow-up, 

separatee analyses were performed for survivors and nonsurvivors of neuroblastoma. 

Thee results of this prospective cohort were compared with the results of thyroid 

functionn measurements and scintigraphic evaluations from a retrospective cohort of 

childrenn wrho received radiation prophylaxis with potassium iodide only during MIBG 

administrationn (cohort 1989-1999) 24. Radionuclide imaging in the historic control 

groupp was performed at the same time points after injection of radio-MIBG that were 

usedd in the prospective studv group. 

Results s 
Patientt characteristics 

Twenty-threee children who received thyroid protection with thyroxine, methimazole 

andd potassium iodide during diagnostic and/or therapeutic MIBG administration were 

included.. Of these 23 patients, including 10 girls and 13 bovs with a mean age of 2.78 

yearss (range, 0.04-10.66 years) at the start of the protection, 9 patients had newly 

diagnosedd neuroblastoma and received the combined thyroxine, methimazole, and 

potassiumm iodide protection for the whole period of administration of  123I-MIB G 

andd 131I-MIBG. Fourteen patients were referred for treatment with 131I-MIBG. Seven 

patientss had been treated with chemotherapy before treatment with 131I-MIBG. Three 

patientss received radiotherapy that did not involve the cervical region. Disease stages 

andd treatment protocols used are listed in Table 1. At the time of the census date, 9 

patientss (39.1 %) had died due to progressive neuroblastoma. One patient developed 

recurrentt disease 1 year after the first i31I-MIB G treatment and restarted the ,31I -

MIBGG therapy. Patient characteristics of the historical control group that received 

onlyy potassium iodide as thyroid protection {n— 42 patients) are compared with the 

characteristicss of the current cohort of patients in Table 2. 

Thyroidd function 

Att diagnosis, all 23 patients had normal thvroid function determinants. Family histories 

revealedd no congenital or early childhood thyroid diseases; however, in two families, a 

grandmotherr had Graves disease. 
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Tablee 1. Patient characteristics 

Pat t 

1 1 
2 2 

3 3 

4 4 
5 5 
6 6 
7 7 

K K 
9 9 

10 0 

11 1 

12 2 
13 3 
14 4 
13 3 
16 6 

n n 

18 8 
19 9 
20 0 
21 1 
22 2 
23 3 

Protection n 
durin g g 

first first 
'"I-MIB G G 

DBR R 
-DBR R 
-DBR R 

DBR R 
-DBR R 
-DBR R 
DBR R 
-DBR R 
DBR R 
-DBR R 

-DBR R 

-DBR R 
DBR R 
-DBR R 
-DBR R 
DBR R 
-DBR R 

-DBR R 
-DBR R 
DBR R 
DBR R 
DBR R 
-DBR R 

Agee at 
start t 
(mos) ) 

9.0 0 
15.0 0 

31.0 0 

21.0 0 
26.0 0 
13.0 0 

0.3 3 
38.0 0 
34.0 0 

120.0 0 

128.0 0 

13.0 0 
32.0 0 
5.5 5 

43.0 0 
7.5 5 

106.0 0 

29.0 0 
13.0 0 
23.0 0 
19.0 0 
21,0 0 
13.0 0 

CC hem o therapy 
beforee MIB G 

VCR,, cycio 
None e 

Cvclo,, Adria, 
VPP 16, VCR, cis 
VCR,, acrino 
None e 
None e 
VCR,, cycle» 
None e 
None e 
VF.CII  x 4, 
mclph,, busul. 
Cvclo,, immuno. 
NBB 97 prot 
None e 
None e 
None e 
None e 
None e 
Cytoxan,, Adria, 
VPP 16, irbs, 
DTIC,, VCR, 
thio,, cvclo, VP16, 
topo,, immuno 

None e 
None e 
None e 
None e 
None e 
None e 

Stagee NB 

IVV s 
11 1 
IV V 
(recurrent t 
IV V 
IV V 
II I I 

IVs s 
IV V 
IV V 
IV V 
(recurrent t 
IV V 
(recurrent t 
II I I 
IV V 
II I 
IV V 
111 1 
IV V 

(recurrent t 

IV V 
II I I 
IV V 
IV V 

IV V 
11 1 

disease) ) 

disease) ) 

disease) ) 

disease) ) 

No.. of wks 
off  thyroi d 
protection n 

4.0 0 
8.0 0 

13.5 5 

12.0 0 
9.0 0 

10.5 5 
18.0 0 
9.0 0 
9.0 0 
8.0 0 

2~.0 0 

15.0 0 
ll.l i i 
9.0 0 

12.0 0 
10.0 0 
17.0 0 

10.0 0 
10.0 0 
13.0 0 
9.0 0 

10.0 0 
5.0 0 

Chemothee rapy 
afterr  MIBG ' 

None e 
None e 

AMR(( )-NBL-hvperbaric O, 

MIB GG dc novo 

MIBGG de novo 
AmRO-NBUoco o 
none e 
AmRO-NBLstIV V 
AmRO-NBLstIV V 
AMRO-NBL-hyperbaricc ( ) , 

AMRO-NBL-hyperbaricc O, 

AmRO-NBLL loco 
AmRO-NBLstIV V 
22 x cvclo 
AmRO-NBLstIV V 
AmRO-NBLL loco 
AMRO-NBL-hyperbaricc O, 

AmRO-NBLL loco 
AmRO-NBLL loco 
AmRO-NBLstIV V 
AMRO-NBLL st IV 
AMRO-NBLL st IV 
AmRO-NBLL loco 

'-M-MIBG :: radiolabeled metaiodobenzvlguanidine; NB: neuroblastoma; DBR: dilute, block, and replace (DBR) 

protectionn from first I 2 ,I -MIB G administration onward; -DBR: during first administration of  ] : i I -MlBG , 

onlyy potassium iodide as protection, with DBR protection thereafter; cvclo: cyclophosphamide; Adria: 

doxorubicinn (Adriamycin;Adria I .aboratories, Columbus,OH); VP16: etoposide; VCR: vincristine; cis: cisplatin; 

actino:: act inomyan; VL.CI : vincristine, carboplatin, etoposide and ifosfamide; melph: melphalan; busul: 

busulpban;; immuno: immunotherapv; NB 97 prot:surgerv followed by one course of MIBG , followed bv 

fourr courses of VEC1, followed by high dose melphalan and carboplatin supported by autologous bone 

marroww t ransplantat ion; ifos: i fosfamide; DT IC: dacarbazine; thio: t r i c rhv lencth iophosphoramide 

(thiotepa);topo:: topotecan. 
1Trcatmentt schedules were based on tumor stage12 and current neuroblastoma treatment protocols: The ; 1 II -

M1BGG de novo protocol consisted of two courses of  ]1 I1-MIBG, followed bv surgery, followed by four 

coursess of \T ,CI. The AMRO-NBL protocol consisted of two courses of ' 'M-MIBG ; followed directly by 

topotecan;; followed bv either cyclophosphamide, doxorubicin, and vincristine (for patients with irresectable 

disease;; AMRO-NBL loco)or four courses of VKCI followed by surgery. For patients with Stage IV disease 

(stt A') , both treatment protocols were followed bv high-dose melphalan and carboplatin supported bv 

autologouss bone marrow transplantadon or peripheral blood stem cell-rein fusion. AMRO-NBL with hyperbaric 

O,, for recurrent neuroblastoma included two treatments ot ' ''1-M1B G and hyperbaric oxygen together with 

bigh-doscc vitamin C, followed by four courses of VLXJI, followed by surgery. 
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Tablee 2. Characteristics of children treated with radiolabeled metaiodobenzylguanidine who received 
thyroi dd protection with dilute, block and replace protection versus protection with potassium iodide 
only y 

Characteristic c 

No.. oir' patients 
Agee at diagnosis (mos) 

Mean n 
Range e 

Diedd within the follow-up period (%) 
Genderr ("/n female) 
Stagee \ B (%) 

Stagee 1 
Stagee 11 
Stagee II I 
Stagee IN' 
Stagee IVs 

Meann no of  1J,I-MIB G courses per patient (range) 
Meann no of  n iI -MIB G courses per patient (range) 
Meann mos follow-up (range) 
underwentt chemotherapy hefore Lll l-MIB G C-'H) 
Meann no. of VHQ-courses (range) 
Treatedd with topotecan (%) 

DBR R 

23 3 

33.4 4 
0.5-128.0 0 

39.1 1 
43.5 5 

0.0 0 
87 7 
17.4 4 
65.2 2 

nr nr 
4.~(1.0-1U.0) ) 
2.3(1.0-5.0) ) 
19.0(1.0-34.0) ) 
30.4 4 
3.3(0.0-4.0) ) 
30.4 4 

KI I 

42 2 

3T.0 0 
0.1-215.0 0 
40.0 0 
45.0 0 

0.0 0 
2.3 3 
21.4 4 
66.7 7 
9.5 5 
3.00 (0.0-9.0) 
3.4(1.0-8.0) ) 
28.4(1.0-102.0) ) 
28.6 6 
2.55 (O.O-V.Dj 
0.0 0 

DBR:: dilute, block and replace; Kl : potassium iodide; NB: neuroblastoma, Vl'iCl : vincristine, etoposide, 
carboplatinn and ifosfamide; l23I-MIBG/ IM l-MIBG : radiolabeled metaiodobenzylguanidine; mos: months 

Thee mean plasma thyrotropin concentration at diagnosis was 2.37 mU/L (range, 0.46-

4.100 mU/L); and, during thyroid protection, it was 1.3 mU/L (range, < 0.01-7.9 ml)/ 

L).Thee mean follow-up was 19 months (range, 1-34 months) after completing thyroid 

protection.. The mean follow-up of survivors was longer compared with the mean 

follow-upp of nonsurvivors (22 months vs. 10 months, respectively). 

Onee patient (age, 1 month) with Stage IVs neuroblastoma developed thyroid 

dysfunctionn during treatment in the intensive care unit for respiratory distress after 

onlvv one diagnostic dose of  1231-MIBG and was started immcdiatelv on thyroxine 

supplementation.. At evaluation when the baby was age 2 years, a thyroid stimulation 

testt and ultrasonography revealed a normal thyroid gland, and thyroxine 

supplementationn was discontinued. In 3 patients a one-time elevation in thyrotropin 

wass measured (6.5 mU/L, 7.61 mU/L, and 5.0 mU/L), writh free thyroxine levels all 

withinn the normal range after 1 month, 3 months, and 6 months, respectively. Those 

elevationss were transient and returned to normal values within 3 months. 

InIn total, a significant reduction in occurrence of permanent thyroid stimulating 

hormonee (TSH) elevation was seen after the new protection in the whole group of 

studyy patients and in the survivors compared with patients in the historic control 
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Tablee 3. Occurrence of thyrotropi n elevation in pat ients and histori c controls 

No.. of patients (%) 

Groupp DBR KI  P value 

42 2 

2(11 (4~\6) n.I~4 

44 (9.5) 0.356 

188 (42.9; 0,038

Alll  patients 
No.. of patients 
Noo TH 
Transientt TH 
Permanentt TF. 

Survivors s 
No.. of patients 

Noo TH 
Transientt TF. 
Permanentt TH 

23 3 
155 (65.2) 
4(P.4) ) 
4(17.4) ) 

14 4 
10(71) ) 

2(14) ) 
2(14) ) 

99 (36) 0.(134 : 

22 (8) 0.533 

144 (36) ('1.011

DBR:: dilute, block, and replace; Kl : potassium iodide; TH: thyroid-stimulating hormone elevation. Percentage 

off  patients with thyroid-stimulating hormone elevations (TH) after protection of the thyroid with K l or with 

thyroxine,, methimazole, and Kl . Separate analyses were made for the whole group and for the survivors, due 

too difference in duration of follow-up. * P values _< 0.05 were considered statistically significant 

groupp (Table 3). Four patients in the entire study group (17.4 %) showed aberrant 

thyroidd parameters, expressed as elevated thyrotropin levels (>. 4.5 mU/L), at the 

pointt of evaluation. TSH concentrations were 4.70 mU/L, 4.86 tnU/L, 6.80 mU/L, 

andd 7.75 mU/L, respectively. Total and free T plasma concentrations all were within 

thee normal range, and no clinical signs of hypothyroidism were observed. None of 

thee patients received thyroxine supplementation at the census date. In the historic 

controll  group, 18 of 42 patients (42.9 %) had elevated TSH levels, after an average of 

177 months (range, 1-70 months), with a median value of 11.0 mU/L (range, 4.5-59.2 

mU/L).. Right of 42 patients in the control group received thyroxine supplementation 

too suppress TSH levels. In Figure 2, the percentage of patients who had normal thvroid 

functionn after protection with thyroxine, methimazole and potassium iodide (DBR) 

duringg radio-MIBG is illustrated and compared with the percentage of survivors in 

thee historic control group who had normal thyroid function. After 2.6 years, 78.6% of 

survivorss who were protected with DBR had a normal thyroid function versus 60% 

alterr potassium iodide alone in the control group. At the end ot follow-up, after 6 

years,, only 44% of survivors in the historic controls showed normal thyrotropin levels 

(p=0.038;; Pearson chi-squarc test). 

Alll  five patients who received the DBR protection and who had only received 12T-

MIB GG for diagnostic purposes showed normal thvroid determinants at the last 

evaluation.. The mean follow-up for this group was 12.2 months (range, 1 -24 months). 
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F iguree 2. Percen tage of patients wit h a normal thyroi d function after  , 2 3 / u lI -MIBG-admin is t ra t io n 
'II  he proportion of patients who had normal thyroid function after diagnostic and therapeutic administration 
off  radiolabeled metaiodobenzylguanidine ( ! 2 3 / , 3 1I -MIBG) . Thyroid function after protection with the 
combinationn of methimazole, thyroxine and potassium iodide in survivors (solid squares; //= 14) and in all 

patientss (doited line with solid diamonds; // = 23 patients) with neuroblastoma who were given thyroid 
protectionn with combined potassium iodide, methimazole, and thyroxine is compared with thyroid function 
amongg survivors in the control group of children who received potassium iodide alone as thyroid protection 
duringg l 3 ,I -MIB G (open circles; //= 25 patients). The y-axis shows the percentage of patients with normal 
thyroidd function. Thyroid dysfunction was defined as an elevation of thyrotropin levels > 4.5 m U / L. After 
2.66 years, 85.6 % of survivors showed a normal thyroid function, compared with 60 ",. of children in the 
controll  group who received potassium iodide alone ( P = 0.097). At the end of follow-up, after 6 years, only 
444 % of survivors in the historic control group exhibited normal thyrotropin levels. 

p=0.0388 (Pearson chi-square test). 

Toxicity y 

Thee combination of thyroxine, methimazole and potassium iodide orally was tolerated 

welll  in all children. No liver toxicity, bone marrow toxicity, or other side-effects of 

methimazole,, potassium iodide, or thyroxine were observed during prophylaxis. In 1 

patient,, 6 months after stopping thyroid protection, elevated free thyroxine levels with 

normall  thyrotropin concentrations were measured. There were no clinical signs of 

hyperthyroidism,, and all thyroid parameters reairned to normal values within two months. 



Radionuclidee imaging 

Forr all 34 patients who received the new protection,123/l31I -MIBG-scintigraphic images 

weree evaluated for uptake of  , Z v l l l I by the thyroid gland. Overall, 247 images (121 
l23I-MIB GG + 2 x 63 l3lI-MIBG ) images were acquired. On 13 images (5.3"/,) the 

thyroidd gland was visible. Scoring failed in 15 images, because they were performed 

abroadd and could not be retrieved (»— 5 images) or showed bone metastases interfering 

withh the thyroid region (n— 10 images). In the historic control group, after protection 

withh potassium iodide only, the thvroid gland was visible in 21.5% of 428 images (P = 

0.000).. Overall, in 11 of 34 patients (33.5%) the thyroid showed iodide uptake in at 

leastt 1 occasion compared with 35 of 42 patients (83.3%) after potassium iodide 

alonee ( P— 0.000; Pearson chi-square test). 

Discussion n 
Adequatee thyroid protection against ionizing radiation in children is essential, especially 

withh regard to the importance of a state or cuthvroidism during childhood (particularly 

duringg the first years of life) and to the possible carcinogenic effects I:i. In addition, it 

iss known from animal studies that the risk of developing thvroid carcinoma is increased 

afterr long-lasting, elevated thyrotropin concentrations, especially after exposure to 

radiation8.. For this reason, although solid evidence in humans is lacking, correcting 

thyrotropinn elevation after exposure to radiation often is advised. Prevention of 

thyrotropinn elevation after l'' I-MIB G treatment in young children, of course, is even 

better,, and the susceptibility of the very young thyroid to radiation warrants vigorous 

measuress for improvements in prevention. 

Thvroidd tissue is routinely protected against uptake of radioiodidc by the administration 

off  excess of cold iodide. However, as we demonstrated earlier, this protection failed in 

644 "/oof surviving children who underwentl l 1 I-MIB G treatment24. At least for patients 

inn this age group, a more effective method of protection is necessary. We developed 

thee DBR protection using potassium iodide, mcthimazole and thyroxine respectively, 

basedd on the following hypotheses: 

Too produce thvroid hormone, thvroid tissue takes up iodide bv the sodium-iodide 

svmporterr (N1S). High doses of potassium iodide first will dilute the circulating 

radioiodidc,, resulting in less uptake of radio-activity. Second, whereas iodide normally 
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iss oxidized and bound to tyrosine residues in thyreoglobulin, high plasma iodide 

concentrationss will lead to higher intracellular iodide concentrations, which will inhibit 

iodidee organification (acute Wolff-Chaikoff effect). If the inhibition persists, then 

diminishedd thyroxine production will occur and TSH-stimulated iodide uptake will be 

thee consequence. In this instance, another escape mechanism, which is not completely 

understood,, will develop, diminishing iodide uptake and preventing a state of 

hypothyroidismm ,9-!-20-29. I n children and neonates, the escape mechanism of the Wolff-

Chaikofff  effect fails more often than in adults 28. If it fails, then a decline in thyroid 

hormonee production will take place leading to rising thyrotropin concentrations and, 

thus,, a counter-protective effect by stimulating the (radio)iodide uptake. 

Methimazolee (block) inhibits the enzymatic action of thvroperoxidasc, therebv preventing 

oxidationn and binding of (radio)iodide to thyroglobulin and, therefore, storage of 

radioiodinee in the thyroid. Consequendy, radiation exposure to the thyroid is minimized. 

Thyroxinee (replace) has two effects. Thyrotropin levels are suppressed and, thus, inhibit 

uptakee of radioiodide. In addition, during prophylaxis, the patient will remain euthyroid 

despitee the methimazole and iodide administration. 

Ass an indication of damage to the thyroid gland we accepted a plasma thyrotropin 

concentrationn > 4.5 mU/L, by which the pituitary gland is compensating for the loss 

off  function of thyrocytes 2s. The production and secretion of thyroid hormone is 

regulatedd centrally, by the hypothalamus and pituitary gland, and also at the thyroidal 

level.. When the synthesis of thyroid hormone is distorted, for example, by external 

radiation,, the diminished thyroid hormone concentration in the circulation will increase 

thyrotropinn secretion to stimulate thyroid hormone production. Even thyroid hormone 

concentrationss within the normal range may be too low for the individual patient. In 

thesee patients, thyrotropin concentrations will remain increased until free thyroid 

hormonee concentrations reach normal values and an equilibrium is established. This 

wouldd mean that patients with thyrotropin elevations are in fact (mildly) hypothyroid; 

thiss condition also is known as subclinical hypothyroidism 3"'31. Although it is indirect, 

plasmaa thyrotropin concentration is the most sensitive test for establishing thyroid 

damage.. For that reason, we use the term thyrotropin elevation to express the occurrence 

andd severity of thyroid damage after irradiation. 



Chaptt?** 4 

Althoughh the current study population was small and the results will have to be 

confirmed,, the results of our studv showed that successful protection of the thyroid 

glandd was achieved in >75% of the children who received DBR-protection. 

Uptakee of radioiodide in the thyroid gland was assessed using a semiquantitative system. 

Off  course, a more exact estimation might have been preferable; however, this was not 

possiblee for two reasons. Firstly, the exact amount of free iodide to which the patient 

iss exposed to remains unclear, because it concerns not only the free iodide during 

administrationn of the MIBG (2-5 %) but also the amount that is being deiodated or 

metabolizedd by the liver. Second, two evaluation points (on Days 3 and 7 after B1I -

MIB GG administration) arc too few for curve fitting and calculating an accurate area 

underr the curve. In some patients uptake in the thyroid was visible on Days 3 and 7; 

however,, in other patients, uptake was visible only on Day 7, suggesting that the point 

off  maximum uptake is unpredictable. For this reason, quantification of the radiation 

burdenn to the thyroid gland of each patient individually wTas not possible, but ŵ as 

evaluatedd semiquantatively. 

Wee realize that a prospective, randomized clinical trial comparing potassium iodide 

alonee with the combination of potassium iodide, methimazolc, and thyroxine would 

havee provided the most solid evidence. Due to the low prevalence of Stage II I and IV 

neuroblastomaa requiring 131I-MIB G treatment, however, the number of patients needed 

forr a study with sufficient statistical power would have taken many more years. 

Disadvantagess of long-lasting trials can be the many changes made in protocols for 

thee treatment of patients with these life-threatening tumors, which often makes the 

evaluationn of side effects of a given treatment modality unreliable. This is why we 

chosee to gather a cohort of patients in 2 years and to compare their results with 

resultss from a historic control group. During that period, as the results showed, 

topotecann had been added to the protocol and was given to 30 % of patients who 

receivedd DBR protection (Table 2). We had no reason to assume that this topoisomcrasc-

II  inhibitor would protect the thyroid gland. 

InIn conclusion, the combination of dilution (potassium iodide), blockage (methimazole), 

andd replacement (thyroxine) led to a better protection for the thyroid gland against 

radioiodide,, at least when used during diagnosis and treatment with MIBG, compared 
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withh dilution alone. Although follow-up for this cohort was limited, the results are 

convincing,, with substantial reductions of the number of thyrotropin elevations that 

emergedd and with avoidance of radioiodide uptake in the thyroid gland. However, 

DBRR protection still docs not protect the thyroid in 100 % of patients; this finding 

stressess the importance of continuous follow-up of the function and structure of the 

thyroidd gland in children who are treated with radio-MIBG. In addition, long-term 

follow-upp will be necessary to determine the benefit of this protection in the long run 

andd to confirm its effectiveness. 
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Updatee of the DBR protection used in Chapter 4 

Introduction n 

Thyroidd dysfunction after treatment with 131I-Meta-iodobenzylguanidine (MIBG) for 

neuroblastomaa (NB) expressed as an elevation of TSH (TE, TSH > 4.5 mU/L) increases 

withh time (Chapter 2)1. For this reason, an update was performed on the thyroid 

functionn in children who had been given the new thyroid protection with potassium-

iodidee (KI), methimazole, and thyroxine (TV) (dilute, block and replace; DBR), in the 

periodd 1999-20012. 

Patients s 
Ass shown in Chapter 4, of 34 children given 12T-MIBG for diagnostic purposes under 

suspicionn of aNB, 27 were treated with 131I-MIBG and received DBR protection for the 

thyroidd gland. Of these 27, 23 patients could be evaluated. The results of these 23 

patientss were compared to a group of historic controls given Kl during t3lI-MIBG. 

Afterr a mean follow-up of 19 months (range 1-34 months) after completing thyroid 

protectionn for ' 31I-MIBG, 4 of 23 (17.4 %) had TE (at the last analysis) compared to 18 

off 42 historic controls (p=0.038). Of the survivors (n-14 of 23), 2 had TE at last 

follow-upp which was a significant improvement compared to the survivors of the historic 

controlss (14 with TE in 25 survivors) given exclusively Kl as thyroid protection (p=0.01)2. 

Forr the survivors of the new protection, it was advised to check thyroid function every 

threee months the first two years after the last 13,I-MIBG administration, and hereafter 

even-- 6 months. In July 2004, all follow-up data of the 23 included children was collected. 

Results s 
Off the 23 included children, with stages NB II (n=3), 111 (n=4), IV (n=14)T and IVs 

(n=2),, 12 were alive (—52 %). Samples taken on the day of administration of i23I-

MIBGG or one day thereafter (so under thyroid protection) were obviously discarded. 

Meann follow-up was 19 months (range 1-34) after finishing thyroid protection for 

therapeuticc MIBG. 

InIn total, in the period of follow-up, 6 children had transient TE. Four ot these had a 

singlee TSH of more than 4.5 mU/L. One of these 4 had, 1 month before the TE, 



elevatedd free T4 values during one month (range 55.9-30.7 pmoI/L), returning to a 

normall value (18.3 pmol/L) followed again bv an increase to hvperthvroid values 

(freee T4 32.4 pmol/L), while TSH remained in the normal range. After another 

month,, a TSH of 5.46 mL'/L was measured and here-after all thvroid function tests 

weree normal. Anti-thyroperoxidase and thyroglobulin antibodies were not elevated. 

Thee fifth child with transient TE, as described in chapter 2, had received T4 treatment 

untill the age of two, due to the young age and the subsequent risk for dclav in 

neurologicall development. At last follow-up, her thvroid function determinants were 

withinn the normal range. The sixth child with transient TE, had TE (range 4.5 -5.9 

mU/L)) during a period of 9 months, for which a thvroid examination with TRH-

testingg and thyroid ultrasound (UST) was performed. Both investigations showed 

noo abnormalities, with TS11 in the normal range. 

Forr the occurrence of permanent TE (defined as having TE at last evaluation), the 

resultss are presented separately for the deceased and living children, because of the 

largee differences in follow-up. Of the 11 deceased children, all NB stage IV, after a 

meann follow-up time of TSH of 10.8 months (range 1-15), 2 (18 %) had TH at last 

follow-up,, with TSH values of 4.7 and 6.8 mL'/L respectively, not significantly different 

fromm the historic controls (non-survivors). 

Off the 12 survivors, with a mean follow-up of TSH after 28.2 (range 4-42) months, 2 

(177 %) hadTE. Compared to the results of the 25 survivors of the 42 historic controls 

(Chapterr 2), of whom 14 (56 %) had TE at last follow-up after 42 months (range 4-

102),, this is a significant improvement (p=0.024, Chi-square). In none of the children, 

anti-thvroidd antibodies were present. 

Inn 3 survivors an UST was made, 27,31 and 43 months after finishing thyroid protection 

forr therapeutic MIBG, and no nodules or anv other abnormalities were found. 

Discussion n 
Althoughh the number of included patients is small and the number of survivors even 

smallerr due to the seriousness of the disease, these results indicate that treatment with 

KI,, methimazole and T4 (dilute, block and replace) acts as a more effective protection 

forr the thyroid gland during treatment with n iI-MIBG than administration of 

exclusivelyy KI. Considering the reduction in the number of patients with TE, detectable 



AA ei d f* "  rt  U'T' 1 

uptakee in the thvroid and the relevance for clinical practice, this conclusion is the same 

ass the one already drawn in December 2002. However, because of the large differences 

inn follow-up time of the historic controls and the patients given DBR, this update was 

performed,, confirming the first evaluation. 

Thee meaning of the transient T E found in 6 children is debatable. N o clinical signs 

weree found, and are also not expected at single elevations of TSH with FT4 values in 

thee normal range. In the young child, T E was regarded as having thvroid dysfunction 

andd T treatment was given, because of her very young age and bad clinical condition 

(inn the intensive care unit). The elevated TSH values for a period of 9 months in 

anotherr child were probablv also a sign of temporary decreased thyroid hormone 

production.. The possible implications on the thyroid in the future will have to be 

expected.. The single measurements of T E in the other 4, is in our opinion not a sign 

off thyroid dysfunction with clinical implications, also considering the low levels of 

T EE (maximum value 7.6 mU/L) . 

Inn the 3 survivors in which ultrasound imaging of the thvroid gland was performed, 

noo abnormalities were found, implying that this protection mav also protect the thyroid 

fromm developing structural abnormalities. However, regarding this aspect again the 

lengthh of follow-up time must be taken into consideration: the mean follow-up time 

off the survivors in which nodules were found is more than 7 years (Chapter 3). As we 

doo not know the implication of finding thyroid nodules after 131I-MIBG, a prospective 

studyy should be done to evaluate this. 

Inn conclusion, during treatment with radio-MIBG the thvroid gland is more effectively 

protectedd with DBR than with KI. 

Practicall note 

Itt is important to notice that thyroid function should not be screened during evaluation 

withh 121I-MBG. The thyroid protection at time of , 23I-MIBG-scanning interferes with 

thee thvroid function test, making the results unreliable. 
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Thyroidd protection at the time of MIBG administration 
forr the diagnosis and treatment of neural crest tumors 

A)) Thyroid protection for diagnostic procedures with 123I-MIBG 

Dru g g Dose e Start t 

Thyroxinee 125 meg/rrr in one gift during 3 days 
Methimazoicc 0,5 mg/kg/day in two gifts during 3 days 
Potassiumm iodide 3 dd M.3 ml 111"., solution (- IHOmg/ml) 

duringg 2 days 

11 day before administration of MIBG 
11 day before* administration ot MIBG 
Thee morning of administrating MIBG 

B)) Th\Toid protection during therapeutic IM1-MIBG 

Dru g g Dose e Start t Remarks s 

Thyroxinee 123 meg/nv' in one gift 
duringg 4 weeks 

McthJmazolee 0.5 mg/kg/dag in nyo gifts 
duringg 4 weeks 

Potassiumm iodide 3 dd lt,3 ml I(l"'i> solution 

11 day before administration If followed by a 2"J or 3"1 MIBG 
off MIBG treatment, continue the drug 
11 da\ before administration If followed by a 2nd or 3r,i MIBG 
off MIBG treatment, continue the drug 
Thee morning of administrating If followed by a 2 or 3a i MIBG 

llfOmg/ml}} during 2 weeks MIBG treatment,, restart the tirug on the 
morningg of next MIBG 
administration n 

C)) Thyroid protection for the parents (during therapeutic l31I-MIBG) 

Dru g g Dose e Start t 

Potassiumm iodide 201)) mgin 1 gift during 4 days The day he fore administration of -1'I-MIBG to the child 

-- \tkntion: do not administer potassium-iodide to pregnant nomen !! 

Monitoringg of thyroid function 

Beforee start protec t ion: 

Du r i ngg protec t ion: 

Afterr s topping protec t ion: 

FT ( ,, T S H 

(Afterr 1 week, and right before the 2n, i n i l -MI13G , see flowchart) 

F T vv T S H 

(Goal-values:: TSH U.2-1.0 m L ' / L , FT 4 12-3U pmo l / I . ) 

Hb,, Ht , Lcuco 4- diff, S C O T , S G P T (for rare compl i ca t ions 

methimazole) ) 

afterr 1 m o n t h , subsequently every three m o n t h s dur ing 2 years. 

Afterr a period ot 2 years, once everv 6 mon th s . 

I T 4 ,, T S H 
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Guidelinee for adjusting thyroxine dose during protection 

Checkk TSH and FT^ -> 1 week after starting protection 

-»» right before 2nd 131I-M1BG treatment 

Thee biochemical aim of the thyroid protection is to reach a plasma concentration of 

TSHH < t .OmU/LwithFT, <30pmol/L during exposure to radio-MIBG. During the 

thyroidd protection the right setpoint is reached by adjusting the thyroxine dose (the 

dosee of methimazole and potassium iodide are not changed) . 

r S H a n d t - T j j 

I I 
'I'MII • ] 1 ml" I. 
IT,, -.10pm,.I I. 

I I 
ifhi-i-kiWW ami intake Ihyi 

uccc ihyroxine d^e with fn.2: 

Checkk TSH & FT j after I *tck 

AA consultation of the department pediatric endocrinology is advised in presence of : 

TSHH > 4.5 mU/L 

FT44 lower than 12 pmoI/L or higher than 35 pmol/L 

Clinicall signs or symptoms of hyper- or hypothyroidism 

Otherr questions regarding the thyroid function or this thyroid protection 
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Thyroidd protection with KI, methimazole and thyroxine 
duringg radio-MIBG after closure of the DBR-study 

HMM van Santen, J de Kraker, T Vulsma 

Introduction n 
InIn Emma Children's Hospital, from 1989 to 1999, protection of the thyroid gland 

duringg treatment with n ' I - \ l lBG against uptake of B1I was performed by the 

administrationn of potassium iodide (KI). Despite the administration of KI, a high 

incidencee of thyroid dysfunction was found (56 % permanent elevated TSH) and in a 

highh percentage of the scintigraphic images uptake of radio-iodide in the thyroid was 

seenn (21 %). For this reason, from 1999-2001, a new thyroid protection was introduced. 

Thee new thyroid protection, using KI, methimazole and thyroxine resulted in a 

decreasedd occurrence of TSH elevations (17 %) and a decreased number of visible 

thyroidd glands on the scintigram (5 %). Inevitably, not only the medication was changed 

duringg the introduction of this new thyroid protection, but also the awareness of the 

nursingg and medical staff about the importance for thyroid protection was increased 

inn this period, due to the presence of a new protocol and a researcher. To evaluate the 

implementationn of the new protection and the possible influence of a researchers-

biass in the period 1999-2001, an evaluation was performed of all children given the 

neww thvroid protection after closure of the study (August 2001 to July 2004), regarding 

thyroidd function and visible uptake of radio-iodide on the scintigram. 

Methods s 
Alll patients treated with 1MI-MIBG, in the period august 2001 until July 2004 in Emma 

Children'ss Hospital were evaluated. In total, 31 children with NB, stage II (n= 1), III 

(n=5),, IV (n-24) and IVs (n=l), had been treated with n iI-MIBG, with doses ranging 

fromm 1.85 to 7.4 GBq. Scintigraphic imaging was performed on day 3 and day 7 after 

injectionn of ,3!I-MIBG. All had received thvroid protection with KI 10 % 3 times a 

dayy 0.3 cc, methimazole 0.5 mg/kg in two doses and thyroxine (TJ 125 |ig/m2 

(addendumm 2). 
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Off these 31, all 12T- and Ll,l-M1BG scintigraphic images that were performed in 

Emmaa Children's Hospital were evaluated for radio-uptake in the thvroid gland bv the 

researcherr and a nuclear phvsician, using a semi-quantative scoring svstem: 0= no 

uptakee visible, 1= slight uptake, 2=clcar uptake, 9= not assessable due to a missing 

image,, bone metastases or other reasons. AdditionalIv, data on the thvroid function of 

alll children were gathered. 

Results s 
Radionuclidee imaging 

Off 31 children, in 20 patients diagnostic images with 123I-M1BG had been made in 

ourr hospital, ranging from 1 to 7 per patient. Of the scintigraphic images made after 

administrationn of therapeutic '^'I-MIBG, of 4 children the sonographic images were 

madee elsewhere and could not be evaluated. 

Inn total, 67 images in 20 patients after administration of 12T-MIBG and 93 images (46 

treatments)) in 27 patients after administration of 13II-M1BG were evaluated. Of the 

677 diagnostic images, in one uptake in the thyroid could not be assessed, in two the 

thyroidd was clearly visible, and in one the thyroid was slightly visible. Of 93 images 

madee after administration of 131I-MIBG, in 13 the thyroid gland could not be assessed 

duee to presence of metastases in the spine or sternum or due to a missing image. In 

nonee of the 80 other scintigraphic images, uptake of radio-iodide in the thvroid was 

visible.. In total, of 160 images, in 3 (1.9 %) uptakes in the thyroid gland was seen. 

Thyroidd function 

Off the 31 children, in 28 the thyroid function was measured before starting thyroid 

protection.. Of these 28, in 3 patients the first determination of TSH was already 

abovee 4.5 mU/L: 5.9, 7.0 and 14.1 mU/L respectively. Of the patient with a TSH of 

5.99 mU/L, the last thyroid function (measured 1 month after stopping thvroid 

protection)) showed a TSH value of 5.0 mU/L with a free T4 of 28.3 pmol/L. In the 

patientt with a TSH of 7.0 mU/L at start, no follow-up data was measured vet. In the 

patientt with a TSH concentration of 14.1 mU/L before staring ' 1,I-MIBG, TSH was 

elevatedd repeatedly and he was started on thyroxine supplementation. 

Off 25 patients with a normal TSH before starting thvroid protection, in 19 patients 
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thee thyroid function was measured during thvroid protection. The mean TSH 

concentrationn during prophylaxis was 1.28 mU/L (range mean TSH 0.02-10.9), with a 

meann FT4 of 23.9 pmol/L (range mean FT4 12.8-33.5). Three children had elevated 

TSHH values during thvroid protection, with a maximum value of 16.8 mU/L. 

Off the 25 children with a normal TSH at start, in 9 children, of which 3 had died due to 

progressivee NB, the thyroidd function had been measured (in our hospital) during follow-

up,, after stopping 13!I-MIBG treatment. Mean follow-up time of thyroid function after 

thee first MIBG treatment was 1.1 years (range 0.1-2.9). Two patients had received 131I-

MIBGG treatment for recurrent NB after intensive treatment at another center, including 

chemotherapy,, autologous stemcell reinfusion, 13-cis-retinoic acid therapy in one and 

TBII (12 Gy) and NB antibody treatment in another. Of the 7 patients with primary NB, 

44 had received treatment with chemotherapy; CO J EC (6 courses in 2 patients), VECI (7 

coursess in one and 4 courses in another), vincristine (2 shots in one patient) and 

cyclophosphamidee /topotecan in one. Of these 9 children, one child (11 %) developed 

TE,, 0.9 years after his first MIBG treatment, with a plasma TSH concentration of 18.5 

mU/LL together with a plasma concentration FT4of 14.2 pmol/L. 

Discussion n 
Thee results of this cohort given the dilute, block, and replace (DBR) protection for 

thee thyroid gland during ,31I-MIBG in the clinical setting (without a researcher to 

checkk the administration of the protection) demonstrate that thyroid protection is 

improvedd with DBR when compared to the protection with KI only (data shown in 

chapterr 2). 

Thiss conclusion can mainly be drawn from the number of scintigraphic images on 

whichh the thyroid was visible (1.9 %) which is a sharp contrast to the uptake found in 

thee thyroid gland after KI only (21.5 %). Regarding thvroid function, several remarks 

cann be made. Firstly, the number of children in which the thyroid function was measured 

afterr 131I-MIBG treatment was low. This is explained by several reasons: many of 

thesee children were treated in our center but returned to another center after finishing 
1311-MIBGG treatment, some were still in the middle of their treatment protocol and 



somee children were deceased before a follow-up TSH was obtained. Secondly, the 

follow-upp time of the 9 children in which follow-up data on TSH was obtained was 

short.. This implies that these children will have to be followed in time for their thyroid 

function. . 

Duringg administration of the DBR-protection, using the dose as given in addendum 

2,, the thyroid function was more adequate; TSH concentrations were more often 

loweredd with adequate free T4 levels, however in some children the thyroid state was 

stilll not completely satisfactory. In 3 children, TSH levels during thyroid protection 

weree more than once above 5 mU/L , with the highest TSH of 16.8 (with free T levels 

inn the normal range). This must be a point of attention during administration ot the 

DBR-prophvlaxis,, because an elevated TSH during radio-iodide exposure mav lead to 

ann increased uptake of radio-iodine. An advantage of the DBR-protection, however, 

iss that, in this situation, the administration of methimazole (which is the cause for the 

elevatedd TSH during DBR if the amount of T^ is to low) will result in an inhibition of 

thee organification, and thus cause a rapid efflux of the radio-iodide that is taken up. 

Off the 3 children in which uptake was seen once on the 123I-MIBG scintigram, no 

follow-upp TSH concentration was measured. Considering the fact that in all other 

imagess that were made in these patients the thyroid gland was not visible, we assume 

thatt thyroid protecdon was forgotten or taken too late at these diagnostic scans, although 

wee could not trace down the actual reason. 

Inn conclusion, DBR-admini strati on during diagnostics and treatment with l 2 l l 3 1 I -

M1BGG provides an adequate protection for the thyroid gland. Considering the fact 

thatt the number of patients was little and the follow-up time after which thyroid 

functionn was measured was short, these children must be followed in time. 


