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Abstract t 
BACKGROUNDD Endocrine late effects of treatment for neuroblastoma (NB) are 

importantt as the hormones produced bv this system are necessary for growth and 

developmentt into adolescence. Thyroid dysfunction was reported after , l t l -M IBG -

trcatment.. Since these patients are given multi-modality treatment, our aim was to 

evaluatee all endocrine functions. 

M E T H O DSS Twenty-five NB survivors off therapy for a mean period of 6.2 years 

(rangee 1.3-11.1), were evaluated. Mean age was 8.5 years (range 2.2-14.7). Al l patients 

hadd received ,31I-M1BG, 16 chemotherapy, and 16 surgery, of who 13 adrenal surgery, 

andd 3 laminectomy. History, physical examination, cholesterol profile and determinants 

off  the thyrotropic, corticotropic, gonadotropic, lactotropic and somatotropic function 

weree obtained. TRH-testing was performed in 15 and thyroid ultrasound imaging in 

211 patients. Patients using thyroxine were evaluated twice: before and after a 3-month 

periodd of thyroxine withdrawal. 

RESULTSS Fourteen patients (56 %) had a permanent thyrotropin elevation, 9 received 

thyroxinee supplementation. A small thyroid volume was found in 2 patients. Six patients 

hadd thyroid nodules or cysts. Two boys showed hypergonadotropic hypogonadism, 

afterr treatment with alkylating agents. IGF-1 levels were all within the normal range, 

howeverr growth was retarded in 39 % of children. Mean Target Height Standard 

Deviationn Score of patients with thyrotropin elevation was lower than those without 

(p=0.019). . 

CONCLUSIONN Children treated for NB with B i I -MIBG , chemotherapy and surgery 

aree at risk for developing irreversible thyroid function loss, thyroid nodules, 

hypergonadotropicc hypogonadism, and growth retardation. During follow-up of 

childrenn with NB, special attention should be paid to their endocrine state. 
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Introductio n n 
Neuroblastomaa (NB) is one of the most challenging tumors for pediatrie oncologists. 

Somee have a favorable outcome, but the prognosis for children with stage IV NB and 

>> 1 vear of age is still only around 30-40 % '. In our setting, multi-modality treatment, 

includingg 131I-MIBG , surgery, different kinds of cytotoxic agents, and bone marrow 

transplantationn is necessary to cure such a patient. 

I :orr surviving patients who have been treated with cytotoxic drugs or irradiation, it is 

importantt that attention is paid to the possible late effects of treatment. In this paper, 

wee focus on the endocrine late effects of treatment. Because the integrity of the 

endocrinee system is essential for growth and development, especially in young children, 

i tt is important that pediatric oncologists and pediatric endocrinologists improve their 

detectionn strategies and ways of prevention of endocrine adverse events. For this, we 

firstfirst need to know the incidence figures of endocrine adverse events in the NB-patients. 

Inn a previous study we have demonstrated that after treatment with the radionuclide 

1311-MIBG,, a permanently elevated plasma thyrotropin (TSH) concentration (TE) wvas 

seenn in 56% of survivors of NB, despite thyroid protection with potassium iodide 

(XI )) ~. The thyroid function is especially important in this patient group because of 

theirr young age 3, making them vulnerable to disturbances of growth and development. 

Nextt to the function, also the structure of the thyroid can be damaged by irradiation 4-\ 

Thee young age 6' as well as the fact of having a NB H can both be considered risk 

factorss for radiation damage. 

I tt is unknown, however, whether the reported thyroid damage is transient or permanent. 

I nn case of permanent TE, it is of interest to evaluate whether this state of (subclinical) 

hypothyroidismm has any consequences for the patients, e.g. regarding growth or lipid 

profiles.. Furthermore, it must be evaluated whether the radio-iodide exposure, in 

combinationn with TE in the years after , 3 ,I -MIB G treatment, also leads to the forming 

off  proliferative structural abnormalities in the thyroid gland. 

Nott only the thyroid gland, but also other endocrine glands may be damaged due to 

onee or more treatment modalities used in NB. For example, alkylating agents can 

causee gonadal damage l). Considering the primary localization of NB, often in the 

adrenall  region, damage to the adrenal (cortex) function has to be considered. 

Too address these questions, survivors of NB treated in our center according to the 
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"MIBG-de-novo-protocol",, were evaluated regarding their endocrine state. 

Patientss and Methods 
Twenty-fivee survivors with histologically confirmed NB, stage II-IIl-lV-IV s according 

too the International Neuroblastoma Staging System (INSS), and treated in the period 

1989-19999 according to our "MIBG-dc-novo" protocol were evaluated. Out of the 

originall  73 treated patients, of who 27 were still alive, 2 were lost to follow-up after 

movingg abroad or to an unknown address. 

Thee treatment protocol consisted of initial administration of  i31I-MIB G (3.7-7.4 GBq). 

Forr stage II , II I and IVs (n-12), this treatment was followed by chemotherapy if the 

responsee to 13,I-MIB G appeared to be insufficient: 10 patients received l3tl-MIB G 

only,, and in two it was followed bv 'VECI'-courses (vincristine, etoposide, carboplatin 

andd ifosfamide). In stage IV patients, Ll l I-MIB G treatment was followed by 

surgery/VECI'-courses,, and high dose carboplatin and melphalan with autologous 

bonee marrow transplantation. 

Too protect the thyroid from radiation by 123I and 131I during radio-MIBG 

administration,, 23 patients received 100 mg KJ orally per day, starring the day before 

radio-MIBGG administration. This was administered for 3 days in case of (diagnostic) 
123I-MIB GG and for 14 days in case of treatment with (therapeutic) 131I-MIBG. Two 

patientss had received thyroid protection with Kl , thyroxine (^(37.5 p.g/day) and 

methimazolee (2.5 mg twice a day). 

AA complete history of the patient and family history tor thyroid diseases, other 

endocrinee disorders and familial hypercholesterolemia was taken. Physical examination 

wass performed with special attention for the thyroid gland, growth determinants and 

pubertall  stage. 

Baselinee endocrine examination consisted of the thyroid function determinants: TSH, 

totall  T free T4 (FTJ, tri-iodothvronine (T^), thvroglobulin (Tg), thyroxinc-binding 

globulinn (TBG), anti-thyroperoxidase (anti-TPO) antibodies, anti-thvroglobulin (anti-

Tg)) anti-bodies, and calcitonin; determinants of the adrenocortical function: fasting 

Cortisoll  and fasting ACTH (all drawn between 9.00 AM and 10.30 AM); the gonadal 

function:: lutropin (TH), follitropin (FSH) in combination with testosterone/ SHBG 
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inn case of a boy, or 17-fi-estradiol in case of a girl, prolactin (PRL) and insuline-like 

growthh factor-1 (IGF-1). A general biochemical evaluation was performed including 

fastingg glucose and total cholesterol profile (HDL-cholesterol, LDL-cholesterol, 

lipoproteinn (a), apo-lipoprotein a and b, triglycerides and apo-E genotype), liver enzyme 

(ASAT),, kidney function (creatinine, sodium and potassium), C-reactive protein (CRP), 

LDHH and a full blood count, 

TRH-testingwass done in 15 patients by the administration of TRH, 10 meg/kilogram 

bodyy mass (maximum 200 meg) intravenously. Subsequently, blood samples were taken 

15,, 30 and 60 minutes after TRH-administration, to determine the concentrations of 

TSHH and PRL. A TRH test result was defined aberrant when baseline TSH was above 

4.55 mU/L, peak TSH concentration increased to > 5 x the baseline value or the peak 

TSHH concentration was found delayed ( >. 60 minutes after administration of TRH). 

InIn survivors using T4 supplementation, medication was withdrawn after the first visit. 

Afterr three months, patients were evaluated with a history of this 3-months period, 

fulll  physical examination and a second TRH-stimulation-test with determination of 

fastingg glucose and cholesterol-profiles. From all parents of these patients, informed 

consentt was obtained. 

Plasmaa T4, T3 and anti-Tg were measured by in-house radioimmunoassay methods; 

plasmaa FT4 and TSH were measured by a time resolved fluoro-immunoassay (Delfia* 

Freee T4 and DclfiaR hTSHWallac Oy, Tuurku, Finland); Tg was measured bv an 

immuno-luminometricc assay (ILMA , Brahms*', Germany); anti-TPO anti-bodies bv 

luminescencee immunoassay (LIA , Brahms- , Germany) and TBG bv radio-immuno 

assayy (Eiken Chemical Co, Tokyo, Japan). Ultrasound imaging of the thvroid gland 

wass made, using the Siemens Elegra, 13 MHz linear probe, for measurements of 

thvroidd volume and detection of thyroid nodules (n=21). If a nodule was found 

suspicious,, fine needle aspiration cytologv (FNAC) was performed. Bone age was 

assessedd according to Greulich and Pvle (n=16). 

Statisticall  analysis was performed using Excel MSO and SPSS 11.5.1, Microsoft XP. 



Results s 
Patients s 

Att time of evaluation, the 25 patients (12 bovs) were off therapy for a mean period of 

6.22 years (range 1.3-11.1). Mean follow-up time after the first ' ^'I-MIBG treatment was 

7.55 years (range 1.4-11.9 yrs). Mean age at last follow-up was 8.5 years (range 2.2-14.7). 

Stagee distribution was stage 11: n=2, stage III : n=7, stage IV: n-13 and stage IVs: 

n - 3.. Mean number of treatments with n iI-MIB G per patient was 3 (range 1-7), with 

aa mean cumulative dose per patient of 12.5 GBq 1MI-M1BG (range 1.8-33). 

InIn 15 patients chemotherapy was given with VHCI, 13 patients also received high dose 

melphalann and carboplatin followed bv autologous bone marrow transplantation. One 

girll  had received treatment with actinomycin and carboplatin under suspicion of a 

Wilmss tumor. Thirteen patients had adrenal surgery for a primary abdominal NB, and 

22 had laminectomy for a dumbbell tumor. 

Twoo survivors had recurrence of their NB at time of evaluation (3 and 4 years 

respectivelyy after diagnosis) and had restarted 131I-MIB G treatment. Of these 2, who 

bothh did not survive the recurrence, the last available follow-up data of thyroid function 

andd thyroid ultrasound imaging, before recurrence of disease, was used. Of 2 other 

survivors,, only follow-up data on thyroid function, expressed as TSH and FT4 

measurements,, were available for evaluation. One of these patients, who had been 

treatedd with laminectomy and twice with L11I-MIB G for a dumbbell NB, was diagnosed 

withh B-cell leukemia, 5.9 years after the last radio-MIBG treatment. 

Off  the 21 other patients, one did not agree to the determination of fasting cholesterol 

andd bone-age, and another answered a questionnaire and gave permission to retrieve 

thee data of thyroid function from another center. One survivor using T4 refused a 

secondd TRH-test after stopping for 3 months but agreed with the determination of 

baselinee determinants. 

Thyroidd Function 

Off  25 patients, 17 (68 %) had " ever" TE, and 14 had TE at the last evaluation (56 %), 

off  which 9 patients used T4 supplementation. Of the 3 survivors with transient TE, 

maximumm TSH at time of TE ranged from 5.2-6.2 tnU/1. The mean TSH of patients 

att follow-up (after withdrawal of T4 for 3 months or at last evaluation) was 6.3 mU/ 
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LL (range 1.1-28.5). Free T levels were all within the normal range, mean Tg was 24 

pmol /LL (range 2-55). 

Anti-TPOO concentrations, measured in 24 patients, were negative (< 30 kU/L ) in 18 

survivors,, weakly positive (40 -50 kU/L) in 4 (1 TE and 1 transient T E ), and positive in 

22 survivors (110-120 kU/L , 1 w i thTK,and 1 without TI  Anti-Tg was absent in all 24. 

Inn 15 patients TRH-tcs ts were performed, in 8 children who received no T, 

supplementation,, and in 7 after a 3-month T withdrawal (figure 1). In all, mean TSII 

alterr 15 minutes declined trom 7.25 (range 1.10-28.5) to 6.6 (range 1.1-26.3) mU/L. 

Afterr administration of TRH, in all but one patient, the highest peak of TSI I was found 

afterr 30 minutes with a mean concentration ot 43.55 m l ' / L (range 10.8-158), which 

wass higher than 5 times the baseline value in 14 patients. For the 7 patients on T 

supplementation,, the mean plasma TSH after stopping T was 11.6 m U /L (6.0-28.5), 

withh a peak TSH after 30 minutes to a mean concentration of 66.2 m U /L (29.8-158.0). 

Withh T4 supplementation, mean TSH at baseline was 3.4 m l ' / l . (1.5-5.4) with a peak 

TSHH at 30 minutes of 18.4 m U /L (4.8-30.5), indicating lowered but not suppressed 

levelss of TSH. In 15 children calcitonin was measured, showing normal levels in all. 

Fourr children with TH had a positive family history for thyroid disease versus one 

childd without TE. One mother had developed hypothyroidism of unknown cause in 
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thee years after the 131I-MIB G treatment of her child (during which she had taken KI -

prophylaxiss 200 mg daily). 

Thyroidd ultrasound imaging 

Inn 21 survivors, ultrasound imaging of the thyroid gland was performed. In 2, thyroid 

volumee was small for age and in 5 survivors (24%) 1 or more nodules (range 1 to 4) 

weree found, ranging in size from 1 to 10 mm. In 2 survivors, FN AC was performed, 

showingg dys- and hyperplastic thyroid cells, but no malignant cells. In 1 patient, several 

smalll  thyroid cysts were found. 

Ass shown in table 1, of 21 survivors in whom both ultrasound and thyroid function 

wass measured, 3 patients (14 %) had TH together with thyroid nodules, 2 (9.5 %) 

survivorss just had nodules, 1 had thyroid cysts (5 %) and 9 survivors (42.9 %) had TE 

only.. Five survivors (24 %) had a normal thyroid function and no abnormalities at 

thyroidd ultrasound imaging. 

Numberr of  l3,I-MIB G scans or uptake of radio-iodide in the thyroid gland were 

nott significantly different between survivors with or without TE or with thyroid 

nodules.. Of the 11 patients without TL% 2 had received thyroid protection with T4, 

KII  and mcthimazole. 

Gonadall  function 

Off  the girls, whose gonadal function was tested (n=8), 4 were aged below 8 years. 

Nonee of them had any sign of puberty and their plasma concentrations of LH and 

FSHH were within pre-pubertal values. Of the 4 girls older than or equal to 8 years; 1 

hadd stage Ml , 2 stage M2, 1 stage M3. Concentrations of LH were all < 0.1 U/L, 

meann FSH was 2.12 U/E and 17-fS-estradiol levels were below the detection limit, 

consistentt with a prepubertal state. 

InIn table 2, pubertal stages of the boys older than 6 years of age (n=l 1) arc shown. Of 

thee 3 bovs examined below the age of 9, none had any signs of puberty. One boy had 

bilaterall  cryptorchidism. Of one prc-pubertal boy, the testicular vessels had been situated 

overr the ventral side of the NB, which were removed together with the tumor. 

Off  the 6 boys >; 9 years; 3 had stage PI, 1 P3 and 2 had P4. Two boys with pre-

pubertall  testicular volume (< 4 cc) had elevated LH and FSH levels indicating 
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Tablee 1. Plasma TSH elevations and/or  presence of thyroi d nodules after  treatment with 131I-MIB G 
forN B B 

Patient--
I D D 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 

8 8 
9 9 

10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 

r r 
18 8 
19 9 
20 0 
21 1 
22 2 
23 3 
24 4 
25 5 

Total l 

% % 

Gendet t 

M M 
F F 
F F 
M M 
F F 
I--
F F 
M M 
]

F F 
F F 
M M 
M M 
M M 
M M 
M M 
M M 
M M 

r; ; 

F F 
' ' 

F F 
M M 
M M 
F F 

Plasmaa TSH 
elevationn fTE ) 

yes s 
res res 
ves s 
ves s 
ves s 
ves s 
ves s 
ves s 
no o 
no o 
yes s 

transient t 
ves s 
yes s 
no o 
yes s 
no o 
no o 

transient t 
ves s 
yes s 
no o 
no o 
no o 
no o 

14/25 5 
56 6 

T 4--
supplementation n 

no o 
no o 
ves s 
yes s 
yes s 
ves s 
yes s 
yes s 
no o 
no o 
no o 
no o 
no o 
yes s 
no o 
yes s 
no o 
no o 
no o 
no o 
yes s 
no o 
no o 
no o 
no o 

9/25 5 
36 6 

numberr  of 
thyroi dd nodules 

0 0 
1 1 
0 0 
1 1 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

0 0 
n.a. . 
n.a. . 
0 0 
0 0 
4 4 
0 0 
2 2 

2 2 
0 0 
0 0 

cysts s 
0 0 

n.a a 
n.a. . 

6/21 1 
29 9 

T EE + thyroi d 
nodules s 

no o 
yes s 
no o 
yes s 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
yes s 

no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 

3/21 1 
14 4 

NB=neuroblastoma,, TH=TSH elevation, Gender: M-male, F-female, n.a. -not assessed 

hypergonadotropicc hypogonadism. In one boy with asymmetrical prepubertal testes, 

thee NB for which '311-MIBG had been given was originated in the left testis. In another 

boy,, orchidopexy of the left testis had been performed for cryptorchidism. 

Adreno-corticotropicc function 

Inn 13 patients, the primary tumor was situated in the adrenal gland and required 

adrenalectomy.. In these patients, no signs of hypocortisolism were found in the history 

orr at physical examination. Mean morning fasting Cortisol concentration in tested 

survivorss was 325 nmol/L (range 180-550) with mean concentration of ACTH of 55 

ng/LL (range 14-155). In patients with an adrenalectomy in the history, significantly 

lowerr mean Cortisol concentrations were found (292 versus 397 nmol/L, p=0.026). 



Tablee 2. Gonadal development of boys > 6 years of age after  treatment for  NB 

Patient t 
I D D 

1 1 
4 4 
8 8 

12 2 
13 3 
14 4 
15 5 
16 6 

n n 
18 8 
23 3 

Age e 
(years) ) 

Id." " 
8." " 

10.6 6 
13.1 1 
6.2 2 

10.3 3 
6.6 6 

14.̂  ^ 
6.6 6 

14.1 1 
9.1 1 

Pubertall  stage 

P3G2A2 2 
PII  Gl Al 
PII  G3A1 
PII  Gl Al 
n.a. . 
PII  Gl Al 
n.a a 
P44 G4 A4 
P IGG I Al 
P44 G3A3 
n.a. . 

* * 

*. . 

* * *

--

Testicular r 
R(ml) ) 

2 2 

np p 
3 3 
3 3 

n.a. . 
3 3 

n.a. . 
15 5 
2 2 

6 6 
n.a. . 

volume e 
L(ml ) ) 

4 4 
np p 
1 1 
2 2 

n.a. . 

3 3 
n.a. . 

20 0 
2 2 

8 8 
n.a. . 

L H H 
(U/L ) ) 

3 3 
<1.0 0 
<< 1.(.) 

5.2 2 
n.a. . 

<1.0 0 

<l . ( l l 

6.9 9 

<l . ( l l 

2.2 2 
n.a. . 

FSH H 
(U/L ) ) 

10.5 5 
0.6 6 
2,2 2 

3~\~ ~ 
n.a. . 
4 4 

n.5 5 
9.3 3 

1.0 0 
5.3 3 
n.a. . 

Testosterone e 
(nmol /L) ) 

4.0 4.0 
0.3 3 
1.6 6 
3.3 3 
n.a. . 
1.9 9 
0.3 3 

~\5 5 
<0.6 6 
15.1 1 
n.a. . 

R=rightt testis, I.=left testis, np- non palpable, n.a. - not assessed, NB=neuroblastoma, * NB originally 
locatedd in the left testes, **  answered to questionnaire, no physical examination performed, ** *  agreed to 
bloodd investigation only, no physical examination performed, '*'"'*'"  testicular vessels situated on primary XB 

Growth h 

Targett Height Standard Deviation Score for mid-parental height (THSDS) was 

calculatedd for 18 patients. Mean THSDS was -1.4 (range —4.5 to +1.5). Mean delay in 

bonee age was 5 months (range —17 to +36), Mean concentration of IGF-1, measured 

inn 17 patients, was 36 nmo l /F (range 13 to 116). All concentrations of IGF-1 were 

withinn the normal range adjusted for age. Growth was affected in 39 % of the children, 

expressedd as height < -1.3 THSDS. 

Significantt difference in THSDS, but not for bone age, was found for patients with 

THH compared to those without TH; mean —1.89 and —0.38 respectivelv (p=0.019). 

Alsoo the difference in height SDS between patients already on T4 treatment (n—8) and 

thee others was significant; THSDS -2.68 and —0.35 respectively (p=0.001). However, 

off  the 8 children known with T supplementation, other factors that could also have 

attributedd to growth retardation were present in 5 children; 3 had tubulopathy (mean 

THSDSS —2.1), in 1 a laminectomy had been performed for dumbbell NB (THSDS -

1.0)) and 1 boy (THSDS -3.5) was recently diagnosed with the LEOPARD syndrome 

(provenn germ line PTPN11 mutation) which is associated with a short stature (JHM 

Merks.. Thesis 2004). In the patients without T4 supplementation, 1 girl with a THSDS 

off  —3.0 also had been treated with laminectomy (dumbbell neuroblastoma). 
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Cholesteroll  profiles 

InIn 5 patients, a family member with hypercholesterolemia was reported. In 2 patients, 

11 with transient TE and 1 with a normal TSH, slightly elevated total cholesterol 

concentrationss were found, in 1 with elevated KDL. No differences were seen between 

thee children with or without T4 supplementation or with or without TE (with T4 

supplementation).. No changes were seen in cholesterol profiles after three months of 

T44 withdrawal. 

Discussion n 
Inn this cohort of patients surviving neuroblastoma in stages II-III-I V and IVs, 20 of 

255 children (80 %) developed endocrine late effects, involving the thyroid gland or the 

gonads. . 

InIn 14 patients (56 %) thyroid dysfunction was present, of whom 9 used T 

supplementation.. Due to the fact that these children have not only been treated with 

radiationn therapy but also with extensive chemotherapy, it must be considered that, next 

too thyroid dysfunction, also pituitary or hypothalamic dysfunction mav be present u'. 

Forr this reason, TRH-tcsting was performed, to gather more detailed information 

aboutt the thyroid axis. We found no evidence for pituitary or hypothalamic thyroid 

dysfunction.. Next to thyroidal hypothyroidism, also in 6 of 21 children (29 %) in 

whichh ultrasound imaging was performed, thyroid nodules or cvsts were found. 

Ass stated briefly in the introduction, the protection of the thyroid gland against 

radio-iodidee in this group of patients is of special importance. NB manifests mainly 

inn children below the age of 4 years (30 % below the age of 1) \ At this age, an 

adequatee thyroid hormone state is essential for optimal growth and development 

intoo adulthood. Furthermore, it has been demonstrated that thyroid tissue of voung 

childrenn is more radio-sensitive than that of adults ''- . It has been extensively reported 

thatt irradiation of the thyroid gland with B1I or with external beam can cause 

benignn and malignant thyroid lesions, with a risk to develop thyroid carcinoma already 

fromm a radiation dose of 0.1 Gy 4,:>' J !. Of all children with childhood malignancies, 

childrenn with NB have, for unknown reasons, even an increased risk to develop thvroid 

damagee after radiation exposure when compared to children with other malignancies K. 



Thee time needed to develop thyroid tumors can be quite long xU, implying the need 

forr prolonged follow-up. 

Inn a survev performed in 1995 and 1996, the reported incidence of thyroid nodules in 

9377 healthy school children in The Netherlands was found to be 1.2 % L\ which 

wouldd imply that the incidence that we found in children treated with Ll1l-M1BG is 

veryy high. An increased incidence of thyroid nodules up to 65 % has been described 

afterr X-irradiation for childhood cancer, which was related to young age, the length of 

follow-upp and the duration of TE l4,L\ However, before we may draw the same 

conclusionn from treatment with n iI-MIBG , it must first be defined what the normal 

incidencee of thvroid nodules in healthy children of this age group is, at this point in 

time.. The sensitivity of ultrasound imaging has substantially improved over the past 

100 years and nodules are detected more easily nowadays and the high incidence may 

bee explained by increased surveillance. Also, the possibility that children with NB may 

havee more thvroid nodules than other children must be considered. Support for this 

hypothesiss is the fact that it has been reported that children with NB have more radio-

susceptiblee thvroid glands than children with other malignancies 8. An argument against 

thiss hypothesis, though, is the fact that we did not detect any thyroid nodule in 14 

ultrasoundd images that were made in children wTkh NB, right before of right after I31I-

MIBGG treatment, who were included in a new prospective study 16. However, the 

meann age of the cohort in this study is significandy younger (mean age 2.8 years 

(rangee 0.04-10.7)). For this reason, we are currently conducting ultrasound images of 

thee thvroid gland in survivors of NB who have not been treated with '"'I-MIBG . 

Currentlyy we have screened 7 such children with a history of NB, a mean follow-up 

off  9 years after diagnosis (range 1.0 to 16.0) and a mean age of 11 years at follow-up 

(rangee 1.6 to 17.1). In these 7 children not any thyroid nodule has been found (data 

nott shown). This indicates that the increase in occurrence of thyroid nodules cannot 

bee attributed to the improvements in detection technique or the history of NB. The 

damagee is most likely caused by radiation, as a consequence of  n'l-MIBG-trcatment, 

andd other possibilities that may be considered are treatment with chemotherapy or 

evenn KI . The clinical consequences of this finding will have to be determined in time. 

Regardingg the consequences of thyroid function, no effects of hypothyroidism on 
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cholesteroll  level was found, and no clinical signs of hypothyroidism were reported in 

thee 3-months of T, withdrawal. With this in mind, it can be discussed whether these 

childrenn should be treated with T4 supplementation. There are two different treatment 

goalss that can be aimed for. 

Thee first goal is to ensure euthyroidism in the developing child. An elevated TSH in 

combinationn with FT4 levels in the normal range and no clinical signs is often described 

ass subclinical hypothyroidism (SH), a term which implies that there are no clinical 

consequencess present or to be expected. However, much controversy exists on this 

subjectt and the subsequent question whether to treat or not to treat SH ' ',8. Possible 

consequencess of SH for adults may be cardiac dysfunction, elevations of total and 

LDL-cholesteroll  and progression to clinical hypothyroidism. In a recent scientific 

review,, for adults, only strong evidence was found for progression to overt 

hypothyroidismm 19. For benefits of treatment for SH, evidence was provided by a RCT 

(inn adults), which demonstrated that T4-treatment improves both the atherogenic 

lipoproteinn profile and intima-media thickening 2''. We believe that for developing children 

andd for adults, SH must be considered as thyroidal hypothyroidism in which the pituitary 

elevatess its TSH in response to a too low concentration of FT,. For young children, this 

impliess that SH may have clinical consequences in the long run, such as growth and even 

mentall  retardation in the very young and cardiovascular complications. For this reason, 

wee prefer to replace the term 'SH' by 'TSH elevation' (TE). 

Thee second treatment goal, which is also still controversial, can be to reduce the 

numberr of radiation-induced thyroid neoplasms by lowering or suppressing the 

concentrationn of TSH. In humans, several prospective trials have demonstrated that 

T44 supplementation reduces the occurrence of (spontaneous and radiation-induced) 

thyroidd nodules21"23. However, it has never been proven, in humans, that T4-suppression 

therapyy reduces the occurrence of thyroid carcinoma. Furthermore, continuous TSH 

suppressionn (subclinical hyperthyroidism) might have negative effects such as an 

increasedd bone mineral density due to an increased bone turn-over. In contrast to 

TSHH suppression, it has been demonstrated that a prolonged TSH elevation may increase 

thee occurrence of carcinoma after irradiation 24~26. For these reasons, it is important 

that,, in patients who have been exposed to radiation of the thyroid, plasma TSH is 



monitoredd and if found elevated, it should be adequately treated, but not suppressed. 

Consideringg all the above, our current advice is to monitor the plasma concentration 

off  TSH and FT4 every 6 months in children with NB after r i l l-MIB G treatment. We 

recommendd T̂  supplementation to normalize plasma TSH concentrations, when the 

plasmaa concentration of TSH is once > 10 mU/L or repeatedly > 6.0 mU/K. Because 

thee implication ot the finding of thyroid nodules is unsure, we recommend that these 

patientss are followed for life in prospective trials to determine the risk of developing 

thyroidd malignancies. 

Too prevent thvroid irradiation during 131I-MIBG-treatment we have introduced an 

extendedd way of thyroid protection, using not only potassium iodide, but also 

methimazolcc and T4 (dilute, block and replace: DBR) 16. This was also used in 2 

patientss of this cohort, who indeed both did not develop thyroid dysfunction. Although 

thee incidence of TH is substantially diminished from 56 to 14 % with DBR lf>, we have 

stilll  not realized a 100 % protection. 

Nextt to damage to the thyroid gland, we found evidence for hypergonadotropic 

hypogonadismm in two boys in the pubertal age, most probably due to treatment with 

thee alkylating agents (ifosfamide, melphalan and busulphan) 9'2 . The testosterone 

deficiencyy can be adequately treated with testosterone supplementation, however fertility 

wil ll  not be likely. Furthermore, in two other boys, the primary NB was located in the 

testicularr region, and may have caused testicular damage. Considering the young age 

off  most survivors, it can be expected that in the following years in more children 

damagee to the gonads will become evident, indicating the need to screen for 

hypergonadotropicc hypogonadism. 

Significantlyy lower Cortisol concentrations were found in patients after adrenalectomy. 

Thiss finding, however, does not seem to reflect a clinically relevant problem. 

Growthh was affected in 39 % of the children. In children with TE the mean THSDS 

wass even impaired to -2.68 SD, which implies significant growth retardation. GH 

stimulation-testss were not performed, but the fact that plasma IGF-1 concentrations 

weree all within the normal range, there was no delay in bone age and that these patients 

didd not receive cranial irradiation makes central GH deficiency or secretory dysfunction 

unlikely.. Many different factors were present that may have contributed to the growth 



retardation,, such as a diminished thvroid and kidney function, poor clinical condition 

forr several years, and, in one, growth retardation based on an associated syndrome. 

(( )ptimizing T4 concentrations and all other metabolic parameters may help to normalize 

theirr THSDS. 

InIn conclusion, children with NB, treated with 13M-MIBG, chemotherapy and surgery 

aree at risk for developing irreversible hypothyroidism, thyroid nodules, hypogonadism 

andd growth retardation. These findings imply that during follow-up of children with 

NB,, special attention should be paid to their endocrine state. 
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