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T T hee changing thyroid hormone state in 

childrenn receiving chemotherapy 

1IMM van Santen, KM Thonissen, J de Kraker, T. Vulsma 

Clinicall  Endocrinology, in press 



Abstract t 
OBff  HCTIVK The concentrations of thyroid function determinants may change during 

severee illness. Our goal was to quantify their changes in children with cancer during 

chemotherapy,, and to correlate them to clinical condition and type ot drugs. 

DESIGNN During a 3-month period all patients admitted for chemotherapy to the 

paediatricc oncology ward were evaluated for inclusion. Patients with brain tumours, 

neuroblastoma,, (cranio) spinal irradiation and use of dcxamethasone already before 

thee first blood sample were excluded. 

MEASUREMENTSS Plasma concentrations of T T,, rT,, thvroxine-binding globulin 

(TBG),, thyroglobulin (Tg), TSH, IGF-1, Cortisol, PRE, and physical well-being by 

meanss of questionnaires were measured before and during chemotherapy. 

RESULTSS Of 19 children, 46 courses of chemotherapy and 123 plasma samples were 

analysed.. During chemotherapy, mean concentrations of TSH, T„, Tg and Cortisol 

decreasedd to 53, 67, 69 and 15 % of the baseline yalue respectively. Mean plasma rT, 

increasedd to 217 % of baseline. In 87 % of all courses, >_ 1 thyroid parameter(s) was 

aberrant.. Furthermore, in 23 samples (19 %) of 10 patients (53 %), the concentration 

off  IGF-1 was below the reference value (adjusted for sex and age). Small changes 

weree seen in scores for clinical condition and none were related to a change in thyroid 

functionn determinant. Most changes in thyroid hormones could be attributed to using 

dexamethasone. . 

CONCLUSIONSS These results demonstrate that, in children, the thyroid hormone 

statee changes significantly during chemotherapy, apparently not related to physical 

well-beingg but to the drugs administered. Future investigations should focus on the 

impactt for patient care and possibilities of (preventive) intervendon. 
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Introductio n n 
Duringg severe illness, calorie deprivation and psychological stress, changes in the thyroid 

hormonee state are known to occur, often described as the euthyroid sick syndrome or 

thee phenomenon of non-thyroidal illness (NTI) 1(>. NTI comprises a varietv of 

abnormal i t iess in the thvroid state e.g. low plasma concentrat ions of T v low 

concentrationss of T, and T and high concentrations of T 4. 

Inn children, NTI has been reported in cardiac surgery patients , premature and sick 

neonatess 8, in poorly controlled diabetes mellitus (DM) type 1tJ, and acute hepatitis A 1". 

Thee sickest patients show the lowest T^ concentrations, those with complications 

showingg more prolonged depression and delayed recovery of thyroid function 

determinantss . 

Whenn children undergo treatment for a malignant disease, it may be expected that 

theirr endocr ine state is or wil l become disturbed, either due to the tumour, 

chemotherapy,, the distorted emotional state (fear, pain) or due to the impaired physical 

well-beingg (caused by the combinationn of the disease, chemotherapy and accompanying 

symptomss of vomiting and poor food intake). Also, drugs can influence the thyroid 

state,, directly or indirectly by influencing the clinical condition of the patient '1 1 3. 

Littl ee studies have been performed on the changes in thyroid hormone state in children 

withh cancer, though, and most of these studies report on adult cohorts with only 

somee patients in the pacdiatric age group 14U>. 

AA fundamental explanation for NTI is still lacking (', and it is unclear whether these 

changess in thyroid hormone state should be considered to be an adaptive phenomenon 

too reduce metabolic rate during illness, a part of the disease process, or just an 

epiphenomenonn that can be used as a marker of the severity of illness . Even if NTI 

reflectss an adaptive process, however, it can not be assumed that a reduced metabolic 

ratee is beneficial, irrespective of the underlying illness. For children, the changes in 

thyroidd hormone state could even be of more significance than for adults, considering 

thee fact that at young age thyroid hormone is required for optimal (brain) development 

andd growth into adulthood. For children with chronic diseases or those who receive 

treatmentt for a longer period of time, recurrent or long lasting endocrine disturbances 

mayy have negative effects on growth and development into adulthood. If changes in 



thee thvroid state can bc used as marker tor the negative effects of chemotherapy on 

thee physical well-being of the child, this may be used to develop ways of intervention 

too improve their physical well-being and possibly their growth and development. For 

this,, firstly the relations between the changes in thyroid state, the administered drugs 

andd physical well-being must be determined. 

Ann observational prospective evaluation was performed on the thyroid state, right 

beforee and during chemotherapy, and the physical well-being of children admitted to 

aa paediatric oncology ward. 

Patientss and methods 
Fromm March to June 2O03, all patients admitted to the paediatric oncology ward were 

eyaluatedd for inclusion in the study. Of 51 patients, 32 were excluded; five because of 

aa brain tumour (possible damage to the pitukary-hypothalamus region ' l8)); three 

becausee of a neuroblastoma (chance of diagnostics or treatment with M1I-meta-

iodobenzylguanidinee (MIBG) that may damage the thyroid gland 19)); three because 

off  a history of radiotherapy in the head/neck region (possible damage to the 

hypothalamus,, pituitary or thyroid gland 2li'21); three because only one blood sample 

couldd be obtained (due to the short course of chemotherapy or lack of central venous 

catheter);; two because they had used dexamethasone at home before the tirst blood 

withdrawal;; two because thev were admitted for other reasons than chemotherapy; 12 

becausee no informed consent was obtained due to admission in the weekend or parents' 

refusall  and two were initially included but later excluded from analysis because hormonal 

measurementss were only performed after starting chemotherapy. 

Nineteenn patients were included. Their tumours were osteosarcoma (n-4), Ewing 

sarcomaa (n=2), rhabdomyosarcoma (n = l), high risk Acute Lymphoblastic Leukaemia 

(ALL )) (n=4), non-high risk ALL (n=2), T-cell ALL (n=3), acute non-lymphoblastic 

leukaemiaa (ANLL) (n=2) and a glioma of the spinal cord (n=l). 

Fromm all parents, written informed consent was obtained. The research protocol was 

approvedd by the medical ethical committee of the Academic Medical Centre. For 

ethicall  reasons, a blood sample for the study was only taken if, simultaneously, a 

samplingg tor clinical information was necessary. For analysis ot changes in hormone 
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concentrations,, onlv paired blood samples, before and after chemotherapy, were used. 

Thee drugs were grouped into 9 categories, according their mode of action. The data 

weree grouped into day 0 (before chemotherapy) and day .> 1 (after chemotherapy). On 

dayy 0, chemotherapy had not been given for at least 7 days. 

Thee following thyroid function determinants were tested: TSH, T v T rTv thvroxinc-

bindingg globulin (TBG), thyroglobulin (Tg), IGF-1, PRL and Cortisol. Pre-treatment 

levelss of anti-thy roperoxidase (anti-TPO) and and-thyroglobulin (anti-TG) antibodies 

weree measured. Plasma T Tv rT^ and anti-TG were measured bv in-house radio-

immunoassays;; TSH by a time resolved fluoro-immunoassav (Delfia*  hTSH, Wallac 

Oy,, Tuurku, Finland); Tg by an immuno-luminometric assay (ILMA , Brahms*' 

Germany);; anti-TPO by a luminescence immunoassay (LIA , BrahmsK- Germany); 

Cortisoll  by a chemilumiscence immunoassay (DPC*); PRL bv a fluoro-immuno assay 

(Perkinn Elmer*) and TBG by a radio-immuno assay (Eikenchemical Co, Tokyojapan). 

Referencee values are shown in table 1. Free T measurements were not used, because 

off  possible interaction with heparin used in central venous catheters 21. 

Clinicall  data was collected on the days of blood sampling, with special attention to 

weight,, food intake, vomiting, stools, vital parameters, temperature and actual 

medication.. Questionnaires to measure the daily physical well-being of the patient on 

thee days of blood withdrawal wrcre taken from the parents and the patients older than 

100 years. In the questionnaires, parents and patients were asked to rate several complaints 

(n=15).. This was assessed on 10 cm visual analogue scales (VAS), that ranged from 

'veryy little' to 'very many'. The following complaints were scored: dyspnoea, pain, 

tiredness,tiredness, diminished appetite, nausea, vomiting, diarrhoea, constipation, fever, painful 

mouth/mucositis,, cough, headache, loss of energy, hair loss, and 'any other complaint'. 

Also,, the food and drink intake of that day w'as asked for. Finally, a 'day'- mark was 

askedd for by questioning "How are YOU (is your child) feeling todav?" 

Differencess in mean absolute hormone concentrations for all patients were calculated 

(tablee 1). 

Duee to the fact that in 39 of 46 courses dexamcthasone wTas administered, and the 

baselinee characteristics between these groups differed as shown in figure 1, further 

analysess were done separately for courses with and courses without dexamethasone. 



Chnpte--

Forr evaluation of the effect of other cytotoxic agents, AN OVA linear regression was 

performedd on the various agents and the difference between the geometric mean of 

thee hormone concentration of day >. 1 and the log of the concentration of day 0 

withinn a course of chemotherapy. 

Forr analysis of the complaints scored on the questionnaire, univariate rests (Mann VCTnitney 

U)) were performed for all courses on the difference between the mean score on day _> 1 

andd day 0, Subsequently, a multi-variatc analysis was performed for all complaints that 

hadd significant.lv changed in the questionnaire as univariate on day >. 1 and the different 

subgroupss of chemotherapy on all courses, using AN OVA regression analysis. 

Too analyse the effect of the change in complaints on the endocrine determinants, 

regressionn analysis was performed on the difference ot the geometric mean of the 

concentrationn on day >, 1 and the log of the concentration of day 0 of the endocrine 

determinantss for all significant changed complaints. 

Forr the evaluation of the effect of tumour type on endocrine function determinants, 

tumourss were divided in solid tumours versus leukaemia (high risk and non-high risk 

ALL ,, ANLL and T-cell ALL) . 

Thee data were analysed using SPSS 11.5 and MSO-XP Excel software. Descriptive 

statisticss were calculated using the Independent Samples T-test, Mann-Whitney U 

testss and AN OVA regression analysis. P values of 0.05 or less were considered to 

indicatee statistical significance. 

Tablee 1. Mean plasma concentrat ions of endocr ine determinants in 19 patients measured before 

(dayy 0) and after  startin g chemotherapy (day > 1) 

Endocrinee determinant (reference range) 

TSHH (0.4-4.0 ml 7L} 
T,, (70-150 nmol/L) 
T.. (1.3-27 nmol/L) 
rT,, (0.11-0.44 nmol/L) 
TBGG (200-650 nmol/L) 
Tg(M5pmol /L) ) 
PRL(i)-15|Jg/Lj j 
Cortisoll  (1011-650 nmol/L) 
Kj| ;-11 (nmol/L, age and sex specific)14 

DayO O 

1.45 5 

115 5 
2.4 4 

(US S 
3<)K K 

K.9 9 
9.8 8 
168 8 
31 1 

Dayy > 1 

07"7 7 

I l l l 
1.6 6 

0.39 9 

425 5 
6.1 1 
111.5 5 
25 25 
28 8 

%% of baseline 

53 3 

<r r 
6" " 
2 P P 
HP P 
69 9 

111 r 
15 5 
00 0 

p-value e 

u.ooo*-* * 
n.s. . 

0 .000"** * 

11.01100 *"" 

n.s. . 

0.004**' ' 

n.s. . 

I I . i l ll  i l l * " 

n.s. . 

Statisticall  analysis is performed on the geometric mean of the concentration on da\ >_ 1 and the logarithm ot 

thee concentration on dav 0. *= p <().05, *"' = p <0.i)3, * " - p < 0.001 (Mann-Whitney I" tests). 

http://significant.lv
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Results s 
Patients s 

Nineteenn patients (12 boys), with a median age of 11.0 years (range 2-16) were included. 

Inn total, 46 courses (123 sample moments) could be analysed with measurements 

bothh before and during chemotherapy. 

Thyroidd function determinants 

Att baseline, in 28 (61 %) courses >_ 1 thyroid function determinant was already aberrant. 

Seventeenn patients (89.5 %) developed changes in their thyroid function determinants 

afterr administration of chemotherapy. In 40 out of 46 courses (87 %) at least one 

determinantt became aberrant. 

InIn table 1, mean plasma concentrations and percentage of change compared to baseline 

valuesvalues are given. Significant decrease of mean plasma concentrations of TSH, T ,̂ and 

Tgg was seen, while mean concentration of plasma rT^ significandy increased. The Tj 

TT -ratio increased significantly from day 0 to day >; 1 (49.8 and 77.8 respectively; p < 

0.000).. No changes were found in the T4/TBG-ratio. In none of the patients elevated 

anti-TPOO concentrations or anti-TG concentrations were found. 

Consideringg the different criteria used for the definition of NTI (low T^ & low T4 & 

low-normall  TSH & high rTp low T^ & low T4, or a low T3only), this phenomenon 

occurredd in 1 course before starting chemotherapy and in 5.0-42.0 % of all patients 

andd in 2.1-21.7 % of all given courses after starting chemotherapy. 

AA significant decrease in the mean concentration of plasma Cortisol was seen. The 

meann concentration of IGF-1 did not change after starting chemotherapy. In 23 samples 

(18.77 %), however, of which 7 before starting chemotherapy, the concentration of 

IGF-11 was below the P.-value, adjusted for age and sex. 

Chemotherapy y 

InIn 85 % of courses, dexamethasone was administered, 6-15 mg/m2. NTI only occurred 

whenn dexamethasone had been administered during the course. However, in the courses 

withoutt dexamethasone administration (n=7), in 4 courses (57.1 %) also >. 1 thyroid 

functionn determinants became aberrant. In 3 courses (in 1 patient), an elevated 

concentrationn of plasma T. was found after vincristine and asparaginase administration 
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Figuree 1. Differences in concentrations of endocrine determinants in courses with and without 
dexamethasone,, before and after  administration of chemotherapy 
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(rangee 3.35-3.95 nmol/L), in one course accompanied by an elevated TSH concentration 

andd in another by a decreased level of rTv 

Thee patient-characteristics during courses with dexamethasone differed significantly 

fromm those without dexamethasone, regarding age, sex, heart rate, diminished intake, 

endd point for clinical condition and tumour-type. Due to these differences, further 

analysiss was done separately for both groups as described in the methods secdon. 

Inn figure 1, the effects of chemotherapy administration on plasma concentrations of 

TSH,, T3 T4, rTv TBG, IGF-1, Cortisol, and PRL are shown, during courses with and 

withoutt dexamethasone. Of the courses with dexamethasone (n=39), baseline TSH 

andd PRL were found to be significantly lower and the concentrations of rT3 and T. 

weree significantly higher. No differences were seen in baseline T v TBG, IgF-1, and 

Cortisol.. After administration of dexamethasone during the course of chemotherapv, 

significantt lower concentrations of plasma TSH, T,, Tg (not shown), and Cortisol and 

ann increase in plasma rT3 were found. In patients, who did not receive dexamethasone 

duringg the course of chemotherapy, a significant increase was found in the concentration 

off  plasma rT,. 

Afterr multi-variate analysis on all groups of chemotherapy and endocrine determinants, 

additionall  significant negative influence in the courses with dexamethasone was found 

forr alkylating agents, anti-neoplasties, anti-metabolites, cisplatin and the topo-isomerase 

inhibitorss (table 2). In the 7 courses without dexamethasone, asparaginase significantly 

influencedd rT3 and Tg. 

Becausee all results are presented in 'mean concentrations of groups of patients', figure 

22 is added to illustrate the changes of thyroid function determinants within an individual 

patient.. During treatment for a recurrent T-ccll lymphoma, the plasma concentrations 

off  TSH, TBG and T4 decreased during the administration of multiple drugs from day 

00 to day 20. After day 20, chemotherapy was continued once weekly and the 

determinantss recovered. The increase of plasma concentration rT, was most obvious 

afterr the first day with the administration of mitoxantrone, vincristine, cytarabine, 

methotrexatee and dexamethasone. Decrease of TBG was consistent with the 

administrationn of asparaginase (day 7, 13, 14, 16-20 and 27), as previously described 

bvv others ' \ 
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Tablee 2. Significant changes in endocr ine determinants after  administratio n of chemotherapy 

A::  courses wit h dexamethasone (n=39) 

Endocrinee Group of drugs [1 p-value 95 % C-I 
determinant t 

Alkylating g 
Anti-neopl, , 
Anti-metab. . 
Cisplatin n 
Topoisom,, inh. 
Amsacrine e 
Topoisom.. inh. 
Topoisom.. inh. 

-2.246 6 

-n.+r r 
-2.8U8 8 
-1.968 8 
-0.385 5 

0.4-4 4 
-Cl.4-8 8 
-0.459 9 

n.iKMi i 

0.02" " 
0.000 0 

o.nuo o 
0.01)2 2 
11.1)06 6 
0,012 2 
0.02" " 

-1.066 to-0.59 

-0.299 to -1.1.02 
-1.266 to-0.68 
-1.155 to-0.54 
-0.222 to -0.05 
0.133 to 0.74 
-0.166 to-0.22 
-11.51)) to-0.32 

B::  courses without dexamethasone (n=7) 

Endocrine e 
determinant t 

rT , , 

Groupp of drugs 

Asparaginase e 
Asparaginase e 

P P 

n.9(K'i i 

-0.936 6 

p-value e 

0.1135 5 
0.000 0 

955 % C-I 

0.055 to 0.81 
22 to-0.92 

A:: All courses in which dexamethasone was administered (n=39). B: All courses in which no dexamethasone 

wass given (n = 7), A NOVA linear regression is performed on the difference of the geometric mean of the 

concentrationn ot day > 1 and the log of the concentration of day 0 per course per patient and the different 

subgroupss of chemotherapy. P=Standardized coefficient. 95 "/» C-I= 95 % Confidence Interval. 

Questionnaires s 

Off  the parents, 108 of 123 (88 %) questionnaires were obtained. Of the children 

olderr than 10 years of age, 69 of 79 (87 %) questionnaires were answered. 

Thee mean day-mark for physical well-being in all patients, before starting chemotherapy, 

wass 1.1 (scored by the children) and 1.6 (scored by the parents). After starting 

chemotherapyy these scores changed to 2.4 (p- 0.054) and 2.7 (p=0.024), indicating, 

statisticallyy (near) significant change but, clinically a fairly well condition. In the uni-

yariatee analyses no significant changes were found in the clinical condition in the 7 

coursess without dexamethasone. 

Inn the 39 courses with dexamethasone small, but significant changes were found for 

thee following complaints before and after starting chemotherapy scored by the patient: 

stomachh ache (p=0.029), loss of energy (p=0.028), nausea (p=0.032), tiredness 

(p=0.019)) and diminished appetite (p=0.012). Also, the scores for loss of hair and 

occurrencee of mucositis increased (p=0.022 and p=0.037). The parents scored 

significantt changes in tiredness, nausea, coughing, energy and the day-mark (p= 0.017, 

0.042,, 0.015, 0.002 and 0.009 resp.). After multivariate analysis, it was seen that cisplatin 
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F iguree 2. Thyro id funct ion de te rm inan ts in a 16-year old boy receiv ing t rea tment for recu r rent T-
celll  l y m p h o ma 

TSHH ml ' / I . 

T3nmol/L L 

Administeredd cytotoxic drugs: 

Dayy 0: mitoxantrone, vincristine, 

cytarabine,, methotrexate and 

dexamethasone e 

Dayy 7: mitoxantrone, vincristine and 

asparaginase e 

Dayy 13: asparaginase 

Dayy 14: mitoxantrone, vincristine, 

asparaginasee and dexamethasone 

Dayy 16-20: asparaginase 

Davv 21: mitoxantrone and vincristine 

Dayy 27: vincristine, asparaginase and 

methotrexate e 

Davv 34: vincristine 

11 7,13 16,17, a 8,19,20̂ 1,27,34 

wass correlated to the most complaints (table 3). The administration of anti-neoplastic 

agentss was correlated to fewer complaints. 

N oo significant changes were found between complaints and thyroid function 

determinants,, at baseline or during the administration of chemotherapy. The complaints 

stomachh ache and energy loss (scored by the child) were significantly of influence on 

thee change in concentration of plasma Cortisol (p=0.030 and p=0.023 rcsp.) and 



Tablee 3. Significant changes in complaints durin g chemotherapy as scored on the quest ionnaire by 

patientss and their  parents. 

Complaintt  Drug p p-value 95 % C-I 

Childd Tiredness 

Diminishedd appetite 
Nausea a 
Losss of energy 

Parentt Fever 
Tiredness s 

Nausea a 

Dayy murk 

11 .oss of encrgv 

Anti-neopl. . 
Cisplatin n 

Cisplatin n 
Cisplatin n 
Cisplatin n 

Topo-isom. . 
Anti-neopl. . 
Cisplatin n 
Anti-neopl. . 
Cisplatin n 
Topo-isom. . 
Cisplatin n 

Anti-neopl. . 
Amsacnne e 
Anti-neopl. . 
Cisplatin n 

-U.Ó'7'77 < 
0.9944 < 
0.5911 ( 
OJ-11 ( 

0.-388 ( 

0.3955 i 

-0.8088 l 
0.6533 i 

-11.5211 ( 
0.7388 ( 
0.4522 ( 
0.6599 ( 
-0.",800 ( 

0.3888 ( 
-11.7644 1 
0.6499 ( 

1.042 2 
).0()9 9 
1.026 6 
1.003 3 
1,004 4 

W?>~ W?>~ 

1.012 2 

1.003 3 

1.039 9 

1.00(1 1 

1.002 2 

1.002 2 

1.009 9 

1021.) ) 

1.014 4 

1.002 2 

-8.811 to -0 .18 

1,611 to 9.54 

0.677 to 8.91 

2.388 to 9.32 

1.922 to 8.46 

0.022 to 0.67 

-8,611 to -1 ,15 

2.044 to 8,91 

-5.822 to -0 .17 

0.333 to 8.50 

1.155 to 4.33 

1.600 to 6.44 

-- 6 .23 to -1 .0l 

0.844 to 8.96 

-8.111 to -1 .02 

2.122 to 8.66 

ANN OVA linear regression for all significant changed complaints in the univariate analysis and the difference 

inn endocrine determinant on dav >_ 1 and day 0 (after logarithmic transformation), in 39 courses of 

chemotherapyy with dexamcthasone administration, tnpo-iso. inh.— topo isomerase inhibitor, anti-neop1.=anti-

ncoplasticc agents 

mucositiss (scored by the child), fever and cough scored by the parent were significantly 

correlatedd to changes in plasma concentration of IGF-1 (p=0.010, p=0.042 and 

p—0.0400 respectively). 

Tumourr types 
Att baseline, children with leukaemia compared to children with solid tumours, had 

significantlyy higher mean TSH (2.3 vs. 1.3, p=0.014), lower T4 (104 vs. 133, p=0.002), 

lowerr TBG (362 vs. 460, p=0.001), lower IGF-1 (31 vs. 45, p=0.023), and lower rT3 

(0.177 vs. 0.24, p=U.007) plasma concentrations. Also, at baseline, small but significant 

differencess were found for tiredness (1.7 and 0.7, p=0.044) and diminished appetite 

(2.44 and 0.9, p=0.023) both scored by the parent. Type of malignancy did not influence 

thee changes of any of the endocrine determinants during treatment with chemotherapy. 

Discussion n 
Inn this heterogeneous group of children with cancer, 90% of the children showed changes 

inn their thyroid hormone state during one or more courses with chemotherapy. In 61% 

off  courses one or more thyroid function determinant was already aberrant at baseline, 
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andd in 87% of all courses at least one thyroid function determinant became aberrant 

duringg treatment. Not the deterioration in physical well-being, but the administration of 

dexamethasonee appeared to be the most important contributing factor. 

Dependingg on the definition that was used (the combination of a low T3, low T low-

normall  TSH and a high rT3 or a low T, alone), the phenomenon of NTI occurred during 

2-222 % of the courses. Comparing these results with other published findings is difficult 

however,, because of the many different definitions that are being used for NTI 4. For this 

reason,, international consensus on the definition of NTI should be made. 

Despitee the heterogeneity of this cohort the results of this evaluation demonstrate 

thatt considerable changes occur in the thyroid state of children receiving chemotherapy. 

Thee observed aberrations illustrate the combination of disturbances on all levels of 

thee thyroid hormone homeostasis. The fact that TSH is low while T4 and T3 are low is 

typicallyy seen in central hypothyroidism, while the decrease of plasma T̂  with an 

increasedd rT^ concentration in combination with a normal concentration of plasma 

T44 points towards a peripheral disturbance regarding the action of type I, II and III -

deiodinasess 63-24. For young children the most important thyroid function determinant 

forr brain development is the concentration of plasma FT4 or, in absence of a reliable 

FT4,, the ratio (TJ/ [TBG]. As these determinants did not change much, permanent 

negativee consequences are not to be expected. However, as the concentration of plasma 

T33 greatly decreases (67 % of baseline), transient adverse effects on peripheral tissues 

cannott be excluded and this may have consequences for the healing process in the 

childd with cancer treated with chemotherapy. 

Wee expected that chemotherapy would negatively influence the physical well-being of 

thee patient and that this would result in the changes in the thyroid hormone state. 

However,, for all complaints the reported changes in scores were very small. Although 

somee were found to be statistically significant, it can be discussed whether these were 

clinicallyy relevant. Also, no correlations were found between tumour type and changes 

inn (thyroid) hormones during treatment with chemotherapy. 

Itt may be questioned whether the changes we found in thyroid hormone determinants 

aree caused by dilution, because in 4Ü of 46 courses, hyperhydration (NaCl 0.45 % and 

glucosee 2.5 %, 3 L / m2 iv per day with a maximum of 5 L per day) was given. To 



quantifyy changes in volcmic state of our patients, plasma creatinine concentrations 

weree measured before and during chemotherapy. No changes were found in mean 

plasmaa creatinine concentrations (34.9 and 34.5 flmol/L , respectively, p=0.935, 

ANOVA,, data not shown), indicating that there were no relevant changes in volemic 

state.. Moreover, the concentrations of PRL did not diminish. Furthermore, the mean 

concentrationn of plasma reverse T\ increased, fitting with an altered deiodinase activity 

Takingg these facts into account, it must be concluded that the observed endocrine 

changess were direcdy caused by the cytotoxic drugs, dexamcthasone in particular. 

Thee influence of dexamcthasone on TSH secretion is well known: short term 

administrationn of pharmacological doses of glucocorticoids suppress the secretion 

off  TSH, and also of PRL  2:1,26. Glucocorticoids arc also known to lower plasma TBG 

bindingg capacity 2 by lowering the plasma TBG concentration 2K and inhibit the 

peripherall  conversion of T4 into T3
 24. Furthermore, glucocorticoids are known to 

suppresss the adrenocorticotropic axis and the growth hormone response to insulin at 

thee hypothalamic-pituitary level. With these facts in mind, the endocrine disturbances 

wee found can be explained by glucocorticoids administration, although we did not 

findfind a change in the mean concentration of IGF-1 as was previously described 29. 

Thee fact that the children and their parents scored well in the questionnaire reflects a 

ratherr good clinical condition during chemotherapy. These reassuring clinical scores 

mayy for a great deal be explained bv the use of dexamethasone. However, it may be 

questioned,, whether the endocrine effects caused by dexamethasone are also reassuring. 

Dexamethasonee may cause continuously low thyroid hormone and low IGF-1 

concentrationss and also the long-term effects of glucocorticoids on growth 1", 

osteoporosiss 31, and the adrenal function 12 should be considered. 

Althoughh the current dogma is not to treat NTI, except for situations in which extremely 

loww T, concentrations are found, it should be investigated whether chronically ill children 

mightt benefit from treatment of altered thyroid hormone states. If NTI occurs as a 

consequencee of a diminished physical well-being it may be a physiological phenomenon, 

butt when NTI is pharmacologically induced it might be considered a negative side 

effectt which should be presented. For children receiving frequent and high doses of 

dexamethasone,, for instance, this could imply simultaneous supplementation of T4 

and/orr T,. This should be evaluated in a prospective clinical trial. 
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Althoughh only small changes in physical well-being were indicated by the child and 

theirr parents, it should be taken into account that, despite this fairly "well" physical 

condition,, in 19 % or courses rhe concentration of IGF-1 was found to be lower than 

thee Ps- reference value. This might reflect an altered perception of sickness and health 

inn this patient group, causing a relative good clinical score, while in fact these children 

arcc in a worse metabolic condition than their healthy peers of the same age group. 

Thiss study has several limitations. Firsdy, the fact that in our study in 88 % of the 

coursess dexamcthasone was administered can be considered a limitation. However, 

nowadays,, dexamethasone is alwavs an imporrant drug during chemotherapy, and 

subsequentlyy will always be interfering with the thvroid function determinants during 

chemotherapyy and this is important for clinicians to be aware of. Secondly, due to 

ethicall  restrictions, blood was only sampled on days that sampling was already indicated 

forr clinical reasons. For this reason, the value on day >. 1 is the mean value of the days 

afterr starting chemotherapy. As can be seen in figure 2, however, hormonal fluctuations 

inn the days after administration of chemotherapy occur and this information is missed 

byy this method of analysis. To screen for possible missed information, an additional 

analysiss was done on the endocrine determinants of day 0 compared to the value of the 

determinantt on the worst day after starting chemotherapy, as scored in the questionnaire. 

Thiss analysis did not reveal different results (data not shown), concluding that the mean 

valuee of day > 1 is a realistic representation of the changes after starting chemotherapy 

Att baseline, between the dexamethasone-treated and the non-dexamethasone-treated 

group,, we observed differences in baseline TSH, rT^ and PRL that we do not fully 

understand.. The differences in physical well-being, sex (predominantly male), age (older) 

andd % of patients with leukaemia (higher), could all have contributed. Also at baseline, 

significantt differences were found for almost all thyroid hormone determinants between 

patientss with leukaemia and solid tumours. The fact that patients with leukaemia use dex 

moree frequently and for longer time-periods could perhaps explain a continuous low T4 

andd lower TBG. The increase in plasma TSH could then be explained by a transient 

(rebound)) phenomenon, suggesting a previous period of hypothyroidism 3\ 

Inn conclusion, the thvroid hormone state is disturbed in almost all children with cancer 

duringg chemotherapy, not clearly pointing to alterations in physical well-being, but 
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indicatingg interference of drugs, especially dexamcthasone, with the endocrine 

homeostasis.. Further investigations should be aimed at evaluating the changes in thvroid 

statee during cytotoxic treatment without dcxamethasone, and at evaluating the 

consequencess of an altered endocrine state during childhood. Prevention of these 

endocrinee alterations might, in the long run, improve development of the child with 

cancer. . 
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